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The second revision of JENDL-3 (JENDL-3.2) was released in 1994. The
library contains evaluated neutron nuclear data for 340 nuclides which are needed for
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1.

I ntroduction

The second revision® of JENDL-3, referred to as JENDL-3.2, was released in

1994, and it contains evaluated neutron nuclear data for 340 nuclides in the energy
region from 10° eV to 20 MeV. The JENDL-3.2 data are being used in the various
application fields such as fission reactors, fusion reactors, and shielding research.

The official version of JENDL-3.2 was prepared in the ENDF-6 format?,

although the ENDF-5 format® version is also available. The ENDF-5 format version
is consistent with the ENDF-6 format one, because the File-6, which represents angle-
dependent energy distributions of emitted particles, was not employed in JENDL-3.2.
The JENDL-3.2 data were stored in 15 different files, asgivenin Table 1.

The graphs and tables of the JENDL-3.2 cross sections were published as

JAERI-Data/Code reports*®.  This report presents the File-1 part of JENDL-3.2 which
describes how the evaluation was performed for each nuclide, and the report must be
helpful for both data users and evaluators.
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Table 1 Nuclides contained in JENDL-3.2 (ENDF-6 format).

Tape No. No. Nuclide MAT No. Records
301 1 'H 125 286
3 *He 225 532
4 ‘He 228 1276
5 oL 325 2445
6 Li 328 3534
7 Be 425 2732
8 B 525 3709
9 B 528 5140
10 2C 625 2614
11 “N 725 7456
12 N 728 3567
13 0 825 5664
14 “F 925 4526
15 “Na 1125 5227
16 Mg 1200 4376
17 “Mg 1225 1604
18 Mg 1228 2050
19 *Mg 1231 1681
20 ZAl 1325 6414

(Total 65950)

302 1 S 1400 8169
2 28Si 1425 4723
3 *Si 1428 5781
4 *Si 1431 448
5 3p 1525 2330
6 S 1600 4845
7 *S 1625 1801
8 ®S 1628 1554
9 ¥S 1631 1439

10 *S 1637 1299
11 Cl 1700 8013
12 *Cl 1725 5527




Table 1 (continued)

Tape No. No. Nuclide MAT No. Records
302 13 ¥Cl 1731 4758
14 “©Ar 1837 7085
15 K 1900 3458
16 ®K 1925 1347
17 K 1928 1361
18 K 1931 1233
(Total 69208)
303 1 Ca 2000 7731
2 “Ca 2025 4101
3 “Ca 2031 2546
4 *Ca 2034 2603
5 “Ca 2037 2387
6 “°Ca 2043 2022
7 *Ca 2049 1582
8 *Sc 2125 2226
9 Ti 2200 7385
10 “Ti 2225 2444
11 “Ti 2228 2961
12 “Ti 2231 2900
13 “Ti 2234 2836
14 OTi 2237 2433
15 Sy 2328 3754
16 Cr 2400 9456
17 Cr 2425 2441
18 2Cr 2431 3372
19 3Cr 2434 3531
20 *Cr 2437 2359
21 *Mn 2525 19006

(Total 90076)




Table 1 (continued)

Tape No. No. Nuclide MAT No. Records

304 1 Fe 2600 10692
2 “Fe 2625 5005

3 *Fe 2631 6419

4 *Fe 2634 5235

5 Fe 2637 4328

6 *Co 2725 5540

7 Ni 2800 10156

8 Ni 2825 3936

9 ®ONi 2831 4082

10 ®INi 2834 2591

11 ®2Ni 2837 2684

12 *Ni 2843 2579

13 Cu 2900 6480

14 %Cu 2925 5701

15 ®Cu 2931 5486

(Total 80914)

305 1 Ga 3100 8454
2 ®Ga 3125 5627
3 "Ga 3131 5775
4 Ge 3200 11073
5 “Ge 3225 4454
6 “Ge 3231 4674
7 "Ge 3234 6170
8 “Ge 3237 4644
9 "*Ge 3243 4541

10 As 3325 3385
11 “Se 3425 1486
12 "°Se 3431 2564
13 "Se 3434 2786
14 *Se 3437 2079
15 "Se 3440 2932
16 ¥Se 3443 2486




Table 1 (continued)

Tape No. No. Nuclide MAT No. Records

305 17 ®23e 3449 1422
(Total 74552)

306 1 Br 3525 3268
2 81y 3531 3011
3 Ky 3625 2589
4 8Ky 3631 2523
5 82K r 3637 1860
6 8K r 3640 1919
7 By 3643 1853
8 8K 3646 1835
9 8K r 3649 1664

10 5Rb 3725 1920
11 Rb 3731 1621
12 S 3831 1731
13 87Sy 3834 1706
14 Bagy 3837 2107
15 S 3840 1891
16 0g; 3843 1493
17 By 3925 1935
18 oy 3931 2911
19 Zr 4000 6545
20 07y 4025 2128
21 Az 4028 2935
22 27y 4031 2823
23 %7y 4034 2161
24 “Zy 4037 2840
25 %7r 4040 2565
26 %7y 4043 2168
(Total 62002)

307 1 “Nb 4125 6346

2 *Nb 4128 3165




Table 1 (continued)

Tape No. No. Nuclide MAT No. Records
307 3 *Nb 4131 2631
4 Mo 4200 8895
5 Mo 4225 2827
6 Mo 4231 3227
7 *Mo 4234 3458
8 *Mo 4237 3098
9 Mo 4240 3550
10 %Mo 4243 3152
11 “Mo 4246 2363
12 “Mo 4249 2612
13 *Tc 4331 2459
14 %Ru 4425 2049
15 %Ru 4431 2084
16 *Ru 4434 2187
17 "“Ru 4437 2264
18 Ru 4440 3114
19 “Ru 4443 2292
20 “Ru 4446 2109
21 “Ru 4449 1695
22 “Ru 4455 1485

(Total 67062)

308 1 199Rh 4525 2522
2 195Rh 4531 2349
3 102pg 4625 2249
4 104pg 4631 1905
5 105pg 4634 3031
6 106pgy 4637 2512
7 107pg 4640 2728
8 108pg 4643 2268
9 1opy 4649 1914

10 Ag 4700 9543
11 0Ag 4725 7040




Table 1 (continued)

Tape No. No. Nuclide MAT No. Records
308 12 ®Ag 4731 6757
13 HomA g 4735 3322
14 Cd 4800 7284
15 1%Cd 4825 2084
16 1%Cd 4831 2819
17 1°Cd 4837 2484
18 "cd 4840 2183
19 12Cd 4843 1955
20 13Cd 4846 2246
21 "cd 4849 1781
22 15Cd 4855 1614
23 In 4925 2775
24 In 4931 2481
(Total 77846)
309 1 128n 5025 2386
2 1Sn 5031 2478
3 58n 5034 2179
4 15Gn 5037 1744
5 'Sn 5040 2076
6 15Gn 5043 1610
7 198n 5046 2374
8 2%Gn 5049 2155
9 22Gn 5055 1604
10 23Gn 5058 2092
11 1249n 5061 2140
12 125Gn 5067 1505
13 Sb 5100 4907
14 2150 5125 3476
15 123Sh 5131 3163
16 124Sh 5134 1990
17 290 5137 2966
18 Te 5225 1882




Table 1 (continued)

Tape No. No. Nuclide MAT No. Records
309 19 2Te 5231 1990
20 %Te 5234 2508
21 %Te 5237 2455
22 *Te 5240 2603
23 %Te 5243 2203
24 2mTe 5247 2536
25 %Te 5249 1746
26 129" Te 5253 2786
27 Te 5255 1600
28 27 5325 2592
29 129 5331 2595
30 e 5337 2432
(Total 70773)
310 1 X e 5425 2338
2 %X e 5431 2087
3 X e 5437 2402
4 12X e 5440 2402
5 X e 5443 1552
6 BiXe 5446 2046
7 X e 5449 1840
8 BXe 5452 2291
9 ¥Xe 5455 1625
10 ®Xe 5458 2204
11 13X e 5461 1851
12 ¥Cs 5525 2643
13 ¥Cs 5528 3309
14 Cs 5531 2037
15 %Cs 5534 1773
16 BCs 5537 2013
17 Ba 5625 1962
18 Ba 5631 2054
19 ¥Ba 5637 2170




Table 1 (continued)

Tape No. No. Nuclide MAT No. Records
310 20 Ba 5640 2204
21 Ba 5643 1954
22 'Ba 5646 1951
23 ¥Ba 5649 2317
24 “Ba 5655 1880
25 BLa 5725 2565
26 La 5728 2307
27 “Ce 5837 2568
28 “ICe 5840 3192
29 “Ce 5843 2249
30 “Ce 5849 1757
31 “py 5925 2248
32 “3py 5931 2408
33 “2Nd 6025 2167
34 “Nd 6028 2434
35 “Nd 6031 2107
36 “*Nd 6034 2812
37 “Nd 6037 2256
38 “Nd 6040 2492
39 “5Nd 6043 2303
40 Nd 6049 2255
(Total 89025)
311 1 “Pm 6149 2376
2 18Ppm 6152 2016
3 18mPm 6153 1918
4 “9Pm 6155 2660
5 Sm 6225 3194
6 'Sm 6234 2731
7 189m 6237 2375
8 9Sm 6240 2589
9 0Sm 6243 2821
10 Sm 6246 3026




Table 1 (continued)

Tape No. No. Nuclide MAT No. Records
311 11 52Sm 6249 2413
12 58Sm 6252 3334
13 ™9m 6255 3249
14 Eu 6300 7715
15 BlEuy 6325 4578
16 B2Ey 6328 2568
17 ey 6331 4641
18 SEu 6334 2292
19 BEu 6337 2355
20 U 6340 1933
21 2Gd 6425 3170
22 ™Gd 6431 3069
23 Gd 6434 3487
24 %5Gd 6437 2887
25 'Gd 6440 3360
26 8Gd 6443 2758
27 10Gd 6449 2333
28 Th 6525 3150
(Total 84998)
312 1 Hf 7200 6763
2 1A f 7225 4245
3 1701 f 7231 5247
4 YTHf 7234 5021
5 18 f 7237 5043
6 1OHf 7240 4422
7 1801 f 7243 3944
8 ¥Ta 7328 4629
9 w 7400 8478
10 B2 7431 3669
11 8w 7434 3395
12 ' 7437 3207
13 18w 7443 3362




Table 1 (continued)

Tape No. No. Nuclide MAT No. Records
312 14 Pb 8200 7506
15 2P 8225 5270
16 %P 8231 5823
17 2P 8234 5189
18 %8P 8237 5472
19 2B 8325 4163
(Total 94848)
313 1 “Ra 8825 1277
2 “Ra 8828 1069
3 “*Ra 8831 847
4 “°Ra 8834 1393
5 ZAC 8925 612
6 #°Ac 8928 568
7 ZIAC 8931 990
8 #'Th 9025 668
9 ?*Th 9028 1597
10 “Th 9031 857
11 Th 9034 1551
12 #2Th 9040 2984
13 “Th 9043 1852
14 Th 9046 1925
15 e 9131 1756
16 #2Pa 9134 720
17 *3pg 9137 1670
18 22U 9219 1339
19 U 9222 4154
20 U 9225 3033
21 U 9228 6920
22 U 9231 2824
23 =Y 9234 3116
24 25U 9237 8245
25 “*Np 9343 934




Table 1 (continued)

Tape No. No. Nuclide MAT No. Records
313 26 “Np 9346 3140
27 “Np 9349 2341
28 “Np 9352 942
(Total 59324)
314 1 %Py 9428 1056
2 8Py 9434 2454
3 “py 9437 6202
4 #opy 9440 5821
5 #1py 9443 2503
6 #2py 9446 2492
7 1AM 9543 1894
8 #2Am 9546 1598
9 Z2mAm 9547 2197
10 #SAm 9549 1544
11 24Am 9552 2223
12 24mAm 9553 2237
13 #1Cm 9628 866
14 #2Cm 9631 954
15 #Cm 9634 1815
16 #Cm 9637 1448
17 #Cm 9640 2906
18 #°Cm 9643 2320
19 #'Cm 9646 1877
20 #5Cm 9649 1125
21 #9Cm 9652 1238
22 »Cm 9655 849
23 #9Bk 9752 1872
24 0Bk 9755 1936
25 #9Cf 9852 1675
26 20Cf 9855 2229
27 #ICf 9858 2148
28 »2Cf 9861 1298




Table 1 (continued)

Tape No. No. Nuclide MAT No. Records
314 29 ACf 9867 804
30 »Es 9914 795
31 *Es 9915 907
32 »Fm 9936 790

(Total 62073)

315 1 22Th 9040 3313
2 23y 9222 4948
3 = 9228 4948
4 26y 9231 1673
5 2% 9237 3312
6 2TNp 9346 1673
7 29py 9437 4948
8 210py 9440 1672
9 24Py 9443 3310

10 22py, 9446 1672
11 2Am 9543 69
12 2Am 9549 69

(Total 31607)

*)  The nuclide without a mass number stands for a natural element.
**)  Tape 315 contains fission product yields.



MAT number = 125
-H 1 JAERI EVAL-DEC84 K.SHIBATA

JAERI-1261 DIST-SEP89 REV2-APR93
HISTORY
83-03 COMPILED BY K.SHIBATA FOR JENDL-2

MAIN PART WAS CARRIED OVER FROM JENDL-1 DATA EVALUATED BY

M.YAMAMOTO. DETAILS ARE GIVEN IN REF. /1/.

ATION MATRIX GIVEN FOR MT=2 OF

83-11 MF:% WAS ADDED. THE TRANSFORM

MF=4.
84-12 RE-EVALUATED BY K.SHIBATA EJAERI) FOR JENDL-3
ESSSEES SCATTERING CROSS SECTION WAS RE-CALCULATED BELOW
MU-BAR WAS ALSO RE-CALCULATED.
PHOTON-PRODUCTION CROSS SECTION WAS ADDED.
93-04 JENDL-3.2 COMPILED BY T.NAKAGAWA (NDC/JAERI)

*kKh*k*x MODIFIED PARTS FOR JENDL 3 2 R ok o S R ok e R Sk R R SR ok
TRANSFORMATION MATRIX

***********************************************************

MF=1 GENERAL INFORMATION
MT=451 DESC IPTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 SCATTERING RADIUS ONLY

MF=3 NEUTRON CROSS SECTIONS
CALCULATED 2200M/S CROSS SECTIONS AND RES. INTEGRALS
2200M/S (B)  RES. INTEG. (B)

TOTAL 20.806
ELASTIC 20.474 -
CAPTURE 0.332 0.1491

MT=1 TOTAL CROSS SECTION

SUM OF ELASTIC AND CAPTURE CROSS SECTIONS

MT=2 ELASTIC SCATTERING CROSS SECTION
BELOW 100 KEV, CALCULATED BY USING EFFECTIVE RANGE AND
SCATTERING LENGTH PARAMETERS OF POENITZ AND WHALEN /2/.
ABOVE 100 KEV, THE DATA OF HOPKINS AND BREIT/3/ WERE

RECOMMENDED.
MT=102_ CAPTURE CROSS SECTION
THE DATA OF HORSLEY/4/ WERE RECOMMENDED.
MT=251 MU-BAR
CALCULATED FROM THE DATA IN MF=4.
MF&4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
) BELOW 100 KEV, ISOTROPIC IN THE CENTER OF MASS SYSTEM WAS
ASSUMED. ABOVE 100 KEV, THE DATA OF HOPKINS AND BREIT/3/
WERE RECOMMENDED.
MF=12 PHOTON PRODUCTION MULTIPLICITY
MT=102
M=1.0
MF=14 PHOTON ANGULAR DISTRIBUTION
MT=102

ASSUMED TO BE ISOTROPIC.

EFERENCES

1) IGARASI S. ET AL.: JAERI-1261 ﬁ 979).

2) POENITZ W.P. AND WHALEN J.F UCL. PHYS. A383 (19 2) 224.
3) HOPKINS J.C. AND BREIT G.: NUCL. DATA TABLE A9(1971) 1

4) HORSLEY A.: NUCL. DATA A2(1966) 24



MAT number = 128
1-H - 2 JAERI EVAL JULB82 K.SHIBATA,T.NARITA,S.I1GARASI
JAERI-M 83-006 IST-MAR83 REV2-APR93
HISTORY
83-01 NEW EVALUATION FOR JENDL-2. DETAILS ARE GIVEN IN REF. /1/.
DATA WERE COMPILED BY THE AUTHORS.
83-11 MF=2 WAS ADDED.
87-05 CARRIED OVER FROM JENDL-2.
93-04 JENDL-3.2 COMPILED BY T.NAKAGAWA (NDC/JAERI)
*khkKk kK MODIFIED PARTS FOR JENDL 3 2 KAKNAXAAA KA hAdhdAdkhkddhdh %
(4,2 TRANSFORMATION MATRIX
***********************************************************
MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY
MF=2 RESONANCE PARAMETERS
MT=151 SCATTERING RADIUS ONLY
MF=3 NEUTRON CROSS SECTIONS
2200-M/S CROSS SECTIONS AND CALCULATED RES. INTEGRALS.
2200-M/S RES. INTEG.
ELASTIC 3.389 B -
CAPTURE 0.00055 B 0.000286 B
TOTAL 3.390 B -
MT=1 TOT
99§E9 9N A LEAST-SQUARES FIT TO THE EXPERIMENTAL DATA OF
MT=2 ELASTIC
ELASTIC = TOTAL - (N,2N) - CAPTURE.
MT=16 N 2N)

BAS ON_ A LEAST-SQUARES FIT.
DATA LISTED IN /9/-/11/ WERE USED.
MT=102 CAPTURE
BELOW 1 KEV, 1/V FORM NORMALIZED TO THE DATA OF
ISHIKAWA /12/.
ABOVE 1 KEV, EVALUATED ON THE BASIS OF THE INVERSE
REACTION /13/.
MT=251 MU-BAR

CALCULATED FROM THE DATA IN MF=4.
MF&4 AT%ULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

) CALCULATED FROM THE THREE-BODY MODEL BASED ON
THE FADDEEV EQUATION /14/.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY

NEUTRONS

MT=16 THE THREE-BODY MODEL CALCULATION.
REFERENCES

1) SHIBATA, K. ET AL.: JAERI-M 83-006 (1983).

2) ADAIR, R.K. ET AL. : PHYS. REV. 89 (1953) 1165.

3) SEAGRAVE, J.D. AND HENKEL, R.L. : PHYS. REV. 98 (1955) 666.
4) STOLER, P. ET AL. : PHYS. REV. C8 (1973) 1539.

5) DAVIS, J.C. AND BARSCHALL, H.H. : PHYS. REV. C3 (1971) 1798.
6) DILG, W. ET AL. : PHYS. LETT. 36B (1971) 208.

7) CLEMENT, J.M. ET AL. - NUCL. PHYS. A183 $1972g

8) FOSTER, JR., D.G. AND GLASGOW, D.W. : PHYS V. C3(1971)576.
9) HOLMBERG, M. : NUCL. PHYS. A129 1969) 32
10) PAULETTA, G. AND BROOKS, F.D. UCL. PHYS. A255 (1975) 267.
11) CATRON, H.C. ET AL. : PAYS. REV. 123 (1961% 218
12) ISHIKAWA, H. : NUCL. INSTR. METH. 109 (1973) 49
13) GUNN, J.C. AND IRVING, J. PHIL. MAG. 42 (1951) "1353.
14) EBENHOH, W. NUCL. PHYS. A191 (1972) 97.



MAT number = 225

2-HE- 3 JAERI EVAL-JUN87 K.SHIBATA
JAERI-M 90-024 DIST-SEP89 REV2-JAN94
HISTORY
87-06 NEWLY EVALUATED BY K.SHIBATA
94-01 MODIFIED BY K.SHIBATA FOR JENDL-
* Kk kKX MODIFIED PARTS FOR JENDL_3-2 *************************
3,102),(12,102),(14,102)  ADDED
3.3 CALCULATED
3.1 SUM OF PARTIAL CROSS SECTIONS
KA A A A A AR A A A AR A A A A A A A A A A A A A AR A A A A A A AR A A AAA A A A A A AR AR A A A ddhdhh %
MF=1 GENERAL INFORMATION

MT=451 DESCRIPTIVE DATA

MF=2 RESONANCE PARAMET
MT=151 SCATTERING RADIUS 0

ERS
NLY
ROSS SECTIO
3

MF=3 NEUTRON C NS
CALCULATED 2200M/S CROSS SECTIONS AND RES. INTEGRALS
2200M7S (B) ES. INTEG (B)
TOTAL 5331.1
ELASTIC  3.135
CAPTURE  5.401E-5 2.4691E-4
(N,P) 5328.0 -
MT=1 TOTAL
BELOW 1 MEV, THE EXPERIMENTAL DATA /1/ WERE ANALYZED USING
THE R-MATRIX THEORY.
ABOVE 1 MEV, BASED ON EXPERIMENTAL DATA /2-4/.
MT=2 ELASTIC

BELOW 1 MEV, THE EXPERIMENTAL DATA /1/ WERE ANALYZED USING
THE R-MATRIX THEORY.
ABOVE 1 MEV, éELASTIC) = (TOTAL) - (NON ELASTIC)

\T=3 SUMN8E EEAEBE) (3,103) AND (3,104)

MT=102 6

S- NDPP WAVE CAPTURE, BASED ON EXPERIMENTAL DATA /5,6,7/.

N,

BELSW 1)MEV THE EXPERIMENTAL DATA /8/ WERE ANALYZED USING
THE R-MATRIX THEORY.

ABOVE 1 MEV, BASED ON EXPERIMENTAL DATA /9,10/.

EVALUAT%ON WAS PERFORMED ON THE BASIS OF EXPERIMENTAL
DATA /9,10/.

MU-BAR
CALCULATED FROM THE DATA IN FILE-4.

MFH% ) ELﬁgGUEAR DISTRIBUTIONS OF SECONDARY NEUTRONS
) BASED ON THE FOLLOWING EXPERIMENTAL DATA:
1.0E-5 EV TO 500 KEV - ISOTROPIC IN C.M.
1.0, 2.0, 3.5 MEV : SEAGRAVE ET AL. /11/
5 TO 20 MEV : HAESNER /9/

MF=12 PHOTON PRODUCTION MULTIPLICITY
MT=102 CAPTURE
M=1.0 FOR THE TRANSITION TO G.S OF HE-4.

MF=14 PHOTON ANGULAR DISTRIBUTION
MT=102 CAPTURE
ASSUMED TO BE ISOTROPIC.

MT=104

MT=251

REFERENCES

1) ALFIMENKOV V.P. ET AL.: YAD. FIZ., 33, 891 (1981), TRANSLATION
SOV. J. NUCL. PHYS., 33, 467 519 g

2) 58% é%éggi PHYSICS AND CRYOGENICS GROUPS: NUCL. PHYS., 12,

3) GOULDING C.A. ET AL.: NUCL. PHYS., A215, 253 (1973).

4) HAESNER B. ET AL.: PHYS. REV., C28, 995 §1983%

5) WOLFS F.L.H. ET AL.: PHYS. REV. LETT., 63, 2721 (1989).

6) WELVELMAN R. ET AL.: NUCL. SCI. ENG., 102, 428 (1989)-

79 WARD L. ET AL.: PHYS. REV., C24, 317 §1981)

8) BORZAKOV S.B. ET AL.: YAD. FIZ.. 35, 532 (1982), TRANSLATION
SOV. J. NUCL. PHYS., 35, 307 (1982).

9) HAESNER B.: KFK-3395 &1982%.

10) DROSG M.: DEDUCED FRON INVERSE REACTION -7269-MS (1978).

11) SEAGRAVE J.D. ET AL.: PHYS. REV., 119, (1961)



MAT number = 228
2-HE- 4 JAERI EVAL-FEB87 K.SHIBATA
DIST-SEP89
HISTORY

87-02 NEWLY EVALUATED BY K.SHIBATA

MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA

MF=2 RESONANCE PARAMETERS
MT=151 SCATTERING RADIUS ONLY

MF=3 CROSS SECTIONS
CALCULATED 2200M/S CROSS SECTIONS
TOTAL 0.7593 BARN
ELASTIC 0.7593 BARN

MT=1,2 S1G- SI1G-E
EXPERIMENTAL DATA /1/-/6/ WERE ANALYZED USING
THE R-MATRIX THEORY.

MU-BAR
CALCULATED FROM THE DATA IN FILE-4
MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=2 ELASTIC
R-MATRIX CALCULATIONS

MT=251

REFERENC
1) GOULD . ET AL.: NUCL. PHY
2) HAESN ET AL.: PHYS. REV. C
2 ET AL.: NUCL. PHYS.
5
6

C. 1973).
E.

- E ACCS PHYS. REV.

L.

(
6y

8, 1114 (1968).

ES
ING,
ER, B.
BATTAT, M.
AUSTIN, S.
LAMAZE, 8

MORGAN,

ET AL.: TAKEN FROM
AND WALTER, R.L.: P

II'I'II—‘ l\)(ﬂ



MAT number = 325
3-LI- 6 JAERI EVAL-MAR85 S.CHIBA AND K.SHIBATA

JAERI-M 88-164 DIST-SEP89 REV2-DEC93

HISTORY

83-12 NEWLY EVALUATED BY K.SHIBATA

84-07 DATA OF MF=4 (MT=16,91% AND MF=5 (MT=16,91) WERE REVISED.

COMMENT WAS ALSO MODIFIED.
85-03 MODIFIED BY S. CHIBA
DATA OF MF=3 (MT=59,63) AND MF=4 (MT=59, 63 WERE ADDED.
DATA OF MF=3 (MT=16), MF=4 (MT=2,16,53), 5 (MT=16)
WERE REVISED.
PSEUDO-LEVEL REPRESENTATION WAS ADOPTED FOR THE
N,N'%ALPHA—D CONTINUUM (MT=51,52,54-56,58,60-62,64-86).
93-12 ODIFIED BY S. CHIBA FOR JENDL-3.2
DATA OF MF=3 &MT=2,3,4,54—56 58,82) AND MF=4 (MT=16,51,52,
54-58,60-8 ERE ADJUSTED MAMUALLY TO REPRODUCE THE DDX
DATA AT 14 AND 18 MEV /1,2,3/.

* Kk Kk Kk MODIFIED PARTS FOR JENDL_3 2 KAXKAAKXR AKX A AKX AKX AAXAAAAAdhAd A dhdh*
3,2),(3,3 %, 2 ,54- 56),53,58-82) ABOVE 10 MEV
4,16),(4,51- 52) 54- 58),(4,60-86)

XKAhkkkhkh*kkhXk*k ******* ******** KA AK AKX A AKX AKX AAKRAXRA AKX AKX A AR A XA A A dhkdhdhdhx*k

MF=1 GENERAL INFORMATION

MT=451 ESCRIPTIVE DATA

MF=2 RESONANCE PARAMETERS
MT=151 SCATTERING RADIUS ONLY.

MF=3 CROSS SECTIONS
CALCULATED 2200M/S CROSS SECTIONS AND RES. INTEGRALS
2200M/S (B) RES. INTEG. (B)
TOTAL 94.11 -
ELASTIC 0.735 -
CAPTURE 0.039 0.017
(N, T) 94.03 -
MT=1

SIG-T

BELOW 1 MEV BASED ON THE R-MATRIX CALCULATION. SIG-CAP
WAS ADDED TO THE CALCULATED CROSS SECTION.
T=2 ABOVEIé EEV, BASED ON THE EXPERIMENTAL DATA /4,5,6/.

BELOW 1 MEV, BASED ON THE R-MATRIX CALCULATION.

ABOVE 1 MEV, THE CROSS SECTION WAS OBTAINED BY SUBTRACTING

THE REACTION_CROSS SECTION FROM THE TOTAL CROSS SECTION.
MT=3 NON-ELASTIC

SUM OF MT=4, 16, 102, 103 AND 107.
MT=4 TOTAL INELASTIC

SUM OF MT=51, 52, 53, 54 AND 91.
MT=16 (N,2N)LI5

BASED ON THE EXPERIMENTAL DATA /7,8,9/.
MT=53 SIG-1IN 2.185 MEV

BASED ON THE EXPERIMENTAL DATA /1,2,3,6,10,11,12,13/.
MT=57 SIG-1IN 3.562 Vv

BASED ON THE EXPERIMENTAL DATA /1,2,3,6,14/
MT=59 SIG-1IN 4.31 MEV
BASED ON A COUPLED-CHANNEL CALCULATION. THE SYMMETRIC
ROTATIONAL MODEL WAS ASSUMED. THE COUPLING SCHEME WAS

=
m

1+EG.S. - 3+(2.185% - 2+(4.31) - 1+(5.7).

THE POTENTIAL PARAMETERS WERE;
V. = 45.0766 MEV, R =1.1875 FM, A = 0.57335 FM
WS = O 4432*EL 1.1631 MEV, RI= 1 6113 FM, Al = 0.26735 FM
VS0= RS0=1.15 FM, ASO= 0.5 FM
BETA(ZE
WHERE E MEANS THE INCIDENT NEUTRON ENERGY IN THE LAB.
SYSTEM SM
ABOVE 1 , BASED ON EXPERIMENTAL DATA /1,2,3/.

MT=63 SIG-1IN 5.7 MEV

BASED ON THE CC CALCULATION NORMALIZED TO THE EXPERIMENTAL
DATA /9/. ABOVE 10 MEV, BASED ON EXPERIMENTAL DATA

,2,3/.

MT=51,52,54-56,58,60-62,64-86 (N,N")ALPHA-D CONTINUUM
REPRESENTED 'BY PSEUDO-LEVELS, BINNED IN 0.5 MEV INTERVALS.
THE (N,N'%ALPHA—D CROSS SECTiON WAS BASED ON THE MEASURE-
MENT OF ROSEN AND STEWART /15/. THE CONTRIBUTION FROM
MT=53, 59 AND 63 WAS SUBTRACTED SO THAT SIG-T MIGHT BE
EQUAL TO THE SUM OF PARTIAL CROSS SECTIONS. THE CROSS
SECTION FOR EACH LEVEL WAS CALCULATED BY THE 3-BODY PHASE-
SPACE DISTRIBUTION WITH A CORRECTION OF THE COULOMB
INTERACTION IN THE FINAL STATE, ASSUMING ISOTROPIC CENTER-
OF-MASS DISTRIBUTIONS. ADJUSTED TO REPRODUCE THE DDX DATA
AT 14 AND 18 MEV /1,2,3/



MT=102 CAPTURE
BELOW 100 KEV, 1/V_CURVE NORMALIZED TO THE THERMAL DATA OF
JURNEY /16/. 'ABOVE 100 KEV, THE INVERSE REACTION DATA OF
FERDINANDE ET AL./17/ WERE ADDED.

MT=103 (N,P)

BASED ON’THE EXPERIMENTAL DATA /18,19/.
MT=105 &N T&ALPHA

BELO R-MATRIX CALCULATION.
ABOVE 1 MEV, BASED ON THE EXPERIMENTAL DATA /20,21/.

MU-BAR
CALCULATED FROM THE DATA IN FILE4.
MFG# ) ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
) BELOW 500 KEV, R-MATRIX CALCULATION.
BETWEEN 500 KEV AND 14 MEV, BASED ON THE EXPERIMENTAL
DATA /4,10,22/.
6 ABOVE 15 MEV, BASED ON THE CC CALCULATION.

BASED ON THE EXPERIMENTAL DATA /1, ,97.
3 ANGULAR DISTRIBUTIONS ARE GIVEN TN THE LABORATORY SYSTEM.

BELOW 4.8 MEV, ASSUMED TO BE ISOTROPIC IN CM.
Eggwggy 4.8 AND 14 MEV, BASED ON THE EXPERIMENTAL DATA
, ABOVE 15 MEV, THE CC CALCULATION.
B o BASED ON EXPERIMENTAL DATA /1,2,3/.
B 5 BASED ON THE CC CALCULATION.
"7 BASED ON EXPERIMENTAL DATA /1,2,3/.
MT=51,52,54-56,58,60-62,64-86
ADJUSTED TO REPRODUCE THE DATA /1,2,3/.

MF=5 6 ENERGY DISTRIBUTION OF SECONDARY NEUTRONS

MT=251

THE EVAPORATION MODEL WAS ASSUMED. THE EVAPORATION
TEMPERATURE OF REF./9/ WAS ADOPTED. IT WAS EXTRAPOLATED
T = 176497*88RT(EL? MEV,
WHERE EL MEANS THE INCIDENT NEUTRON ENERGY IN THE LAB.
SYSTEM (MEV).
MF=12 PHOTON-PRODUCTION MULTIPLICITIES
MT=57
- M=1.0
BASED ON THE THERMAL MEASUREMENT OF JURNEY /15/.
NF=14 PHOTON ANGULAR DISTRIBUTIONS
ISOTROPIC
MT=102
ASSUMED TO BE ISOTROPIC.
REFERENCES
1) TAKAHASII A. ET AL., TO BE PUBLISHED.
2) MATSUYAMA S. ET AL.. TO BE PUBLISHED.
3) CHIBA S. ET AL., PPROC_OF MITO CONF, P.253(1988).
4) KNITTER H.-H. ET AL.: EUR-5726E $1977%.
5) LAMAZE G.P. ET AL.: BULL. AM. PHYS. SOC. 24 (1979) 862.
6) GUENTHER P. ET AL.: ANL/NDM-52 (1980).
7) MATHER D.S. AND PAIN L.F.: AWRE-0-47769 (1969)
8) ASHBY V.J. ET AL.: PHYS. REV. 129 g1963) 1771
99 CHIBA . ET AL, J. NUCL. Sci. TECANOL ' 22 (1985) 771.
10) HOGUE H.H. ET AL.: NUCL. SCI. ENG. 69 (1979) 2
11) LISOWSKI P.W. ET AL.: LA-8342 51980).
12) FOERTSCH H. ET AL.: ZFK-443 (1 81),2P.13.
13) DRAKE D.D.: DOE/NDC-24/U (1981), P.72.
14) BESOTOSNYJ ET AL.: YK-19 (1975); P.77.
15) ROSEN L. AND STEWART L.: PHYS. REV. 126 (1962) 1150
16) JURNEY E.T.: USNDC-9 (1973), P.109.
17) FERDINANDE H. ET AL.: CA PHYS. 55 81977; 428
18) PRESSER G. ET AL.: NUCL. PHYS. A131 (1969) 679
19) MERCHEZ F. ET AL.: NUCL. PHYS. A182 (1972) 428
20) BARTLE C.M.: NUCL. PHYS. A330 1979; 1.
21) BARTLE C.M. ET AL.: NUCL. PHYS. A397 (i983) 21
223 KNOX H.D. ET AL.: NUCL. SCI. ENG. 69 (19793 223
23) HOPKINS J.C. ET AL.: NUCL. PHYS. A107 (1968) 139



MAT number = 328

3-LI- 7 JAERI EVAL-DEC84 S.CHIBA AND K.SHIBATA
Hfé%gé;M 88-164 DIST-SEP89 REV2-NOV92

83-12 NEWLY EVALUATED BY K.SHIBATA

84-07 DATA OF MF=4 (MT=16,91% AND MF=5 (MT=16,91) WERE REVISED.
COMMENT WAS ALSO MODIFIED.

84-12 MODIFIED BY S. CHIBA
DATA OF MT=62 AND 64 MF 3, 4 WERE ADDED. DATA OF MF=4

SMT—Z 51,57,16) AND =16,91) WERE MODIFIED.

SEUDO-LEVEL R PRESENTATI N WAS ADOPTED FOR THE
SN,N ALPHA-T CONTINUUM SMT 52-56,58-61,63,65-84).

OMMENT WAS ALSO MODIFIE

87-02 LI7(N,NT) CROSS SECTION WAS MODIFIED.

88-02 LI7(N,N2) CROSS SECTION AND ANG. DIST. WERE MODIFIED.
LI7(N,NO) WAS ALSO MODIFIED SO AS TO GIVE THE TOTAL_CROSS
SECTION WHICH 1S E?UAL TO JENDL-3PR1. THE LI7§N,N1) ANG .
DIST. WAS ALSO MODIFIED. LI7$N NT) CROSS SECTION WAS
FIXED TO 87-02 VERSION BY MODIFYING THE PSEUDO-LEVEL
CROSS SECTIONS. COMMENT WAS ALSO MODIFIED.

92-11 JENDL-3.2

COMPILED BY T.NAKAGAWA

*kkkx MODIFIED PARTS FOR JENDL_3-2 kkhkkhkkkhkhkkhkkhkkhkkhkhkkhkhkkhhkkhkki*k
(4,2) NUMBER OF ELEMENTS OF TRANSFORMATION MATRIX

R SRR SR Sk o R R R R ok ok o o R AR R R Sk ok R Sk SR AR GRS o ok o R Sk o o o R SR AR R R SR R SR R R SRR kS

MF=1 GENE
MT=451 DESCRI

MF=2 ESO
MT=151 SCATTE

MF=3 CROS

RAL INFORMATION
PTI TA
N
R
S
CALCULATEB
1.
0.
0.

E

PARAMETERS
RADIUS ONLY.

-1 >

O(QOOI\)(D ==

2

CTIONS
00M /s CROSS SECTIONS AND RES. INTEGRALS
0 g/ (®) (®)

v

CE

G

E

2
RES. INTEG.

1 -

7

4

5 0.020

MT=1 SI1G-T
BELOW 100 KEV, S
ABOVEI100LKEV B
BELOW 100 KEV, S
ABOVE 100 KEV. S
MT=3 NON-ELASTiC
SUM OF MT=4, 16, 10
MT=4 TOTAL INELASTIC
SUM OF MT=51 TO 84.
MT=16 (N,ZN%
BASED ON THE EXPERIMENTAL DATA /5/,/6/.
MT=51 SI1G-IN 0.478 NEV
BASED ON THE (N *GAMMA) DATA OF MORGAN /7/.
MT=57 SIG-IN "63 MEV
BASED ON THE EXPERIMENTAL DATA /8/-/10/.
SIG-1IN 6.68 MEV
BASED ON A COUPLED-CHANNEL CALCULATION NORMALIZED TO THE
AL DATA /13,14/. THE SYMMETRIC ROTATIONAL MODEL
D. THE COUPLING SCHEME WAS
Z 1/2-(0.478) - 7/2-(4.63) - 5/2-(6.68).
IAL PARAMETERS WERE AS FOLLOWS:
0.362*EL MEV, R= 1.28 FM, A= 0.620 FM
+ 1.88*EL MEV, RI= 1.34 EM, Al= 0.104 FM
0 ggg, RSO=1.150 FM, AS0=0.50 FM
EANS LABORATORY INCIDENT ENERGY IN NEV.
IN 467 MEV
0 HAVE THE SAME EXCITATION FUNCTION AS MT=53,
6
E

P_(BARNS).
ENTAL BATA" /17741

N
>
=
()
=
o
SN

=
m

=
=
1
[o2}
N
oo

TO THE EXPERIMENTAL DATA /13,14/
,65-84, (N,N")ALPHA-T CONTINUUM
"BY PSEUDO-LEVELS, BINNED IN 0.
CTION WAS OBTAINED BY SUBTRACT
OF MT=57,62_ AND 64 FROM THE (
N (MT= 205) THE CROSS SECTION

ED BY THE 3-BODY PHASE-SPACE D
OF THE COULOMB INTERACTION IN

H LEVEL

— ] = =1

ZED TO THE THERMAL MEASUREMENT /15/.



THE (N,D) CROSS SECTION WAS CALCULATED WITH DWBA.
NORMALIZATION WAS TAKEN SO THAT THE CALCULATED CROSS
SECTION MIGHT BE_CONSISTENT WITH THE ACTIVATION DATA /16/.
MT=205 (N,N'%ALPHA—T
ASED ON THE EXPERIMENTAL DATA /17/-/22/.
MT=251 MU-BAR
CALCULATED FROM THE DATA IN FILE4.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

BELOW 4 MEV, AN R-MATRIX CALCULATION WITH THE PARAMETERS
OF KNOX AND LANE/23/.
BETWEEN 4 MEV AND 14 MEV, BASED ON THE EXPERIMENTAL
DATA /8/,/24/.
WT=16 ABOVE 15 MEV, THE COUPLED-CHANNEL CALCULATION.
BASED ON THE EXPERIMENTAL DATA /13/ AT 14.2 ME
WT=51 ANGULAR DISTRIBUTIONS ARE GIVEN IN THE LABORATORY SYSTEM.
BELOW 4 MEV, THE R-MATRIX CALCULATION.
4 TO 10 MEV, EVALUATION OF LISKIEN/25/ WAS ADOPTED.
T=57 ABOVE 10 MEV, THE COUPLED-CHANNEL CALCULATION.
BELOW 8 MEV, THE R-MATRIX CALCULATION.
BETWEEN 8 MEV AND 14 MEV, BASED ON THE EXPERIMENTAL
DATA /10/-/12/.
) ABOVE 15 MEV, THE COUPLED-CHANNEL CALCULATION.

AT THE THRESHOLD, AN ISOTROPIC DISTRIBUTION WAS ASSUMED.
A ABOVE 10 MEV, THE COUPLED-CHANNEL CALCULATION.

ISOTROPIC DISTRIBUTIONS WERE ASSUMED IN THE CENTER-OF-MASS

SYSTEM.
MT=52-56,58-61,63,65-84
EXPERIMENTAL DATA/13/ WERE ADOPTED.

MF=5 6 ENERGY DISTRIBUTION OF SECONDARY NEUTRONS

THE EVAPORATION MODEL WAS ASSUMED, WITH THE TEMPERATURE
DEDUCED EXPERIMENTALLY/13/ AT 14.2 MEV. THE TEMPERATURE
WAS EXTRAPOLATED AS

T = 0.229*SQRT(EL) MEV,

WHERE EL MEANS LABORATORY INCIDENT ENERGY IN MEV.

MF=12 PHOTON-PRODUCTION MULTIPLICITIES
MT=51
iro10,""170
"" "MULTIPLICITIES WERE OBTAINED FROM REF./26/.
WF=14 PHOTON ANGULAR DISTRIBUTIONS
7 ISOTROPIC
MT=

2
ASSUMED TO BE ISOTROPIC.

REFERENCES

1) MEADOWS J.W. AND WHALEN J.F.: NUCL. SCI. ENG. 41 (1970) 351.

2) FOSTER, JR. D.G. AND GLASGOW D.W.: PHYS. REV. C3 (1971) 576.

3) GOULDING C.A. ET AL.: USNDC-3 (1972), P.161.

4) LAMAZE G.P. ET AL.: BULL. AM. PHYS. SOC. 24 51979) 862.

5) MATHER D.S. AND PAIN L.F.: AWRE-0-47/69 (1969)

6) ASHBY V.J. ET AL.: PHYS. REV. 129 (1963) 1771

7) MORGAN G.L.: ORNL/TM 6247 51978%.

8) HOGUE H.H. ET AL.: NUCL. SCI. ENG. 69 (1979) 22.

9) BABA M. ET AL.: PROC. INT. CONF. NUCLEAR CROSS SECTIONS
FOR TECHNOLOGY, KNOXVILLE, 1979, 51980) P.143.

10) LISOWSKI P.W. ET AL.: LA-8342 Elg Og.

11) SCHMIDT D. ET AL.: NUCL. SCI. ENG. 96 (1987) 159.

12) CHIBA S. ET AL.: J. NUCL. SCI. TECHNOL. 25 (1988) 210

13) CHIBA S. ET AL.: J. NUCL. SCI. TECHNOL. 22 (1985) 771

14) TAKAHASHI A. ET AL.: PRIVATE COMMUNICATION.

15) JURNEY E.T.: USNDC—9 £1973), P.109.

16) BATTAT M.E. AND RIBE F.L.: PHYS. REV. 89 ngSSg 80.

17) SMITH D.L. ET AL.: NUCL. SCI. ENG. 78 é19 1) 359.

18) LISKIEN H. ET AL.: PROC. INT. CONF. NUCLEAR DATA FOR
SCIENCE AND TECHNOLOGY, ANTWERP 1982, (1983) P.349.

19) SMITH D.L. ET AL.: ANL/NDM-87 g1984g.

20) TAKAHASHI A. ET AL.: PROC. 13TH SYMP. FUSION TECH., VARESE,
ITALY &1984).

21) GOLDBERG E. ET AL.: NUCL. SCI. ENG. 91, 173 §1985).

22) MAEKAWA H. ET AL.: JAERI-M 86-125, P.130 (1986).
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AT number = 425
4-BE- 9 JAERI EVAL—AUG84 K.SHIBATA
fé%gé;M 84-226 DIST-SEP89 REV1-0CT90
4-08 REEVALUATED FOR JENDL-3 BY K.SHIBATA.
DETAILS OF THE EVALUATION ARE GIVEN IN REF/1/.
-01 MODIFIED BY CONSIDERING NEUTRON EMISSION SPECTRA
-10 Mgs?ﬁlg5216, 24, 46, 47: SPECTRA AT THRESHOLD ENERGIES WERE

=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DAT

MF=2 RESONANCE PARAMETER
MT=151  SCATTERING RADIUS ONLY.
MF=3 CROSS SECTIONS
CALCULATED 2200}4/8 CROSS SECTIONS AND RES. INTEGRALS
2200M/S" (B) ES. INTEG. (B)
TOTAL 6.1586 -
ELASTIC 6.1510 -
CAPTURE 0.0076 0.0034
MT=1 SIG-T
BELOW 1 EV, SUM OF SIG-EL AND SIG-CAP. BETWEEN 1 EV AND
830 KEV, THE CROSS SECTION WAS CALCULATED ON THE BASIS OF
THE R-MATRIX THEORY. THE R-MATRIX PARAMETERS WERE
OBTAINED SO AS TO GIVE THE BEST FIT TO THE EXPERIMENTAL
DATA /2/-76/. ABOVE 830 KEV, BASED ON THE MEASUREMENTS
/57,777,787
MT=2 $16-EL
BELOW 1 EV, SIG-EL = 6.151 BARNS.
ABOVE 1 EV. THE CROSS SECTION WAS OBTAINED BY SUBTRACTING
THE REACTION CROSS SECTION FROM THE TOTAL CROSS SECTION.
MT=3 NON-ELASTIC
SUM_OF MT=4,16,24,102,103,103,105,107
MT=4 TOTAL INELASTIC
SUM OF MT=51 AND 52.
MT=6, 7, 16, 51, 52
THE SHAPE OF THE INELASTIC SCATTERING CROSS SECTION WAS
OBTAINED FROM THE STATISTICAL MODEL CALCULATION. THE
ABSOLUTE VALUE WAS DETERMINED SO THAT A SUM OF THE
INELASTIC SCATTERING AND gN AL) REACTION CROSS SECTIONS
NIGHT BE EQUAL TO THE (N.2NJ REACTION CROSS SECTION IN
B 5T EOTTcAL ROTeNTiaL’ PARAVETERS 0P AGEE AND ROSEN
79/ WERE USED.
V = 49.3 - 0.33E, WS = 5.75 , VSO = 5.5 MEV)
R = 1.25 RS =1.25 . RSO = 1.25  (FM
A = 0.65 . = 0.70 . ASO = 0.65  (FM
LEVEL SCHEME
NO ENERGY (MEV) SPIN-PARITY
G.S. 0.0 3/2-
1 1.68 1/2+
2 2.429 5/2-
3 2.800 1/2+
4 3.06 5/2+
5 4.7 3/2+
6 6.8 7/2-
7 7.9 5/2- *
8 11.28 9/2- *
9 11.81 7/2- *
10 13.79 5/2- *
11 14.396 3/2- *
*) "SPIN-PARITY VALUE WAS TENTATIVELY ASSIGNED.
ALL THE EXCITED LEVELS EXCEPT 7.9 AND 13.79 MEV ONES
DECAY BY EWITTING NEUTRONS, CONTRIBUTING IO THE (N.2N)
CROSS SECTION. WITHIN THE FRAMEWORK OF THE CURR
ENDF/B FORMAT, DIFFERENT MT NUMBERS WERE ASSIGNED TO
THESE LEVELS.
MT NO. LEVEL
6 2ND+3RD+4TH
7 6TH
16 1ST+5TH+8TH+9TH+11TH+CONT
51 7TH
A A KA A AR AR A AR A A A AR A A A AR AR A AR AR A AR AR A AR AKX A AR AA A AR A A A A A hAdhdh %
* THE (N,2N) CROSS SECTIONS IS GIVEN AS A SUM OF WT=6, 7, *
***}rg**é!l\‘rg***;c**********************************************
MT=24 N,2N_ALPHA
THIS iS THE CROSS SECTION FOR THE (N.AL) REACTION. THE
1ST EXCITED LEVEL OF HE-6 DECAYS BY EMITTING 2 NEUTRONS.



MF

MF=

MF=

RE

THE (N,Al) CROSS SECTION WAS CALCULATED WITH THE
STATISTICAL MODEL.
ALPHA POTENTIAL PARAMETERS ARE THE FOLLOWING /10/
vV =125.0 , WS 15.0 , VSO = 0.0
R = 1.56 , RS =1.56 , RC =1.22 FM
A = 0.50 , B =0.11 FM
THE CROSS SECTION WAS NORMALIZED TO THE DATA OF
PERROUD AND SELLEM /11/ AT 14 MEV.
MT=46, 47 SIG-IN
SAME AS MT=6, 7, RESPECTIVELY.
MT=102 CAPTURE
THERMAL CROSS SECTION OF 7.6E-3 BARN WAS OBTAINED FROM
THE RECOMMENDATION BY MUGHABGHAB ET AL./12/

1/V CURVE WAS ASSUMED OVER THE WHOLE ENERGY RANGE.

CALSULA ED WITH THE STATISTICAL MODEL.
PROTON POTENTIAL PARAMETERS ARE THE FOLLOWING /18/

MT=103

V =59.5 - 0.36E, WS = 12.0 + 0.07E, VSO = MEV)
R =1.24 , RS = 1.36 , RSO = 1.2 FM
RC= 1.3 FM
A =0.63 0.35 ASO = 0.31 FM
THE CROSS SECTION WAS NORMALIZED TO THE EXPERIMENTAL DATA
OF AUGUSTSON AND MENLOVE /14/, WHO MEASURED DELAYED
NEUTROS, BY TAKING ACCOUNT OF THE BRANCHING RATIO
OF 49.5% FOR LI-9 => BE-9* => 2A + N.
MT=104 EN,D&
BASED ON THE EXPERIMENTAL DATA OF SCOBEL /15/.
MT=105 (N,T&
SUM OF MT=740 AND 741.
MT=107 N,

AO)
BASED ON” THE EXPERIMENTAL DATA /10/,/11/,/16/-/19/.
MT=251 MU-BAR

CALCULATED FROM THE DATA IN FILE4.
MT=740, 741 EN TO%, (N,T1

CALCULATED WITH THE STATISTICAL MODEL.
TRI&ON POTENTIAL PARAMETERS ARE THE SOLLOWING /20/:

= , WS = 7.5 , VSO = 6. MEV)
R 21090 . RS = 2.69 [ RSO = 1:20 , RC = 1.30 (Fl
A = 0.45 = 0.36 . ASO = 0.
NORMALIZATION WAS TAKEN S0’ THAT THE ToTAL f CRO
SECTION WIGAT BECONSTSTENT WITH THE EXPER(NENTAL DATA
OF BOEDY ET AL./217
=4 ANGULAR DISTRIBUTIONS
" 1.0E-5 EV TO 50 KEV  ISOTROPIC IN CM.
50 KEV TO 14 MEV BASED ON THE EXPERIMENTAL DATA
7227-/27/.
14 MEV TO 20 MEV OPTICAL-MODEL CALCULATIONS USING
THE POTENTIAL PARAMETERS OF
i AGEE AND ROSEN /9/.
" LEGENDRE COEFFICIENTS WERE DERIVED FROM THE EXPERIMENTAL
- DATA 727/,728/.
MT_ STATISTICAL MODEL CALCULATION

KALBACH-MANN SYSTEMATICS/31/
MT=24, 46, 47
SQEOULATED BY ASSUMING THE TWO-STEP SEQUENTIAL REACTION

=5 ENERGY DISTRIBUTION
" EVAPORATION PLUS 3-BODY PHASE SPACE
MT=24, 46, 47
CALCULATED BY ASSUNING THE TWO-STEP SEQUENTIAL REACTION
=12 PHOTON-PRODUCTION MULTIPLICITIES
" ""BASED ON THE MEASUREMENT OF JURNEY /30/.
MT=741
M=1.0
14 PHOTON ANGULAR DISTRIBUTIONS
MT=102
ASSUMED TO BE ISOTROPIC.
MT=741
ISOTROPIC
FERENCES
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MAT number = 525
5-B - 10 JAERI EVAL-MAR87 S.CHIBA
DIST-SEP89

87-03 NEWLY EVALUATED BY S.CHIBA (JAERI) FOR JENDL-3.

88-11 DATA FOR MF=3(MT=1,2,3,4,51,103,107,113,780,781
MODIFIED. DATA FOR MF=12(MT=102, 781), MF=13(MT
MSD}EFMT 4,102,103,781) WERE ADDED. ~COMMENT WA

) VIERE
£4,103),
S ALSO
ED

MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 SCATTERING RADIUS ONLY.
THE 2200M/S AND 14 MEV CROSS SECTIONS ARE IN

pe>e)

TABLE 1.
MF=3 NEUTRON CROSS SECTIONS
MT=1 TOTAL

BELOW 1.2 MEV, SUM OF THE PARTIAL C
1.2 TO 17 MEV, BASED ON THE EXPERIM

ABOVE 17MEV, OPTICAL MODEL CALCULAT
17 MEV. THE SPHERICAL OPTICAL POTE
ARE LISTED IN TABLE 2.

MT=2 ELASTIC SCATTERING

BELOW 10 KEV, BASED ON THE R-MATRIX CALCULATION. THE
R-MATRIX PARAMETERS ARE MAINLY BASED ON REF./11/.
191§EV TO 1.2 MEV, BASED ON THE EXPERIMENTAL DATA /12/-

ABOVE 1.2 MEV, CALCULATED BY SUBTRACTING ALL THE OTHER
PARTIAL CROSS SECTIONS FROM THE TOTAL CROSS SECTION.
MT=3 NON-ELASTIC
SUM OF MT=4, 16, 102, 103, 104, 107 AND 113.
MT=4 TOTAL INELASTIC
SUM OF MT=51 TO 89.
MT=16

(N, 2N

BASED ON %HE EXPERINENTAL DATA /15/. CROSS SECTION WAS
EXTRAPOLATED AS 0.0120*S gE—ETHE, WHERE E IS INCIDENT
NEUTRON ENERGY AND ETH T HOLD ENERGY IN MEV. NOTE

ROSS SECTIONS.

ENTAL DATA /1/-/9/.
10N WAS NORMALIZED AT
NTIAL PARAMETERS/10/

THAT THIS REACTION PRODUCES 1 PROTON AND 2 ALPHA

PARTICLES, 1.E. (N,2NP)2ALPHA.

MT=51-59, 61, 62, 64-66. INELASTIC SCATTERING TO REAL LEVELS

CROSS SECTIONS WERE CALCULATED BY THE COLLECTIVE MODEL
DWBA AND NORMALIZED TO THE EXPERIMENTAL DATA/16/ AT 14
MEV. CALCULATED LEVELS AND ASSUMED ORBITAL ANGULAR
MOMENTUM TRANSFERS SL& ARE SUMMARIZED IN TABLE 3.

DATA FOR MT=51 WAS NORMALIZED TO THE EXPERIMENTAL
DATA/17/ BELOW 6MEV. ABOVE 6MEV, THE DEFORMATION
PARAMETER DEDUCED FROM SP,P'B REACTION/18/ WAS USED.

MT=60,63,67-89 (N,N"D)2ALPHA CONTINUUM.
REPRESENTED BY PSEUDO-LEVELS, BINNED IN 0.5 MEV INTERVALS.

THE SN,N'D 2ALPHA CROSS SECTION WAS BASED ON THE

MEASUREMENT OF FRYE+ /19/. THE CROSS SECTION FOR EACH

LEVEL WAS CALCULATED BY THE 3-BODY PHASE SPACE

DISTRIBUTION, ASSUMING ISOTROPIC CENTER-OF-MASS

ANGULAR DISTRIBUTIONS.

oF
SUM OF 'MT = 700 TO 705.

N,D
SUM OF MT = 720 AND 721.
MT=107 N,ALPHA
SUM_OF MT = 780 AND 781. THE THERMAL CROSS SECTION OF
3837 BARNS WAS ADOPTED/21/.
MT=113 (N, T)2ALPHA
BASED ON"THE EXPERIMENTAL DATA /19/,/22/-/29/
MT=251 MU-BAR
CALCULATED FROM THE DATA IN FILE4.
MT=700 EN ,P) TO THE GROUND STATE OF BE-10.
BELOW 100 KEV, ASSUMED TO BE 1/V. THE THERMAL CROSS
SECTION WAS ASSUMED TO BE 3MB/30/.
FROM 100 KEV TO 500 KEV, ASSUMED TO BE CONSTANT.

FROM 500 KEV TO 1 MEV, LINEARLY INTERPOLATED.

ABOVE 1 MEV, THE STATISTICAL MODEL CALCULATION WAS
NORMALIZED BY A FACTOR OF 0.704 THE OPTICAL POTENTIAL,
LEVEL SCHEMES AND LEVEL DENSITY PARAMETERS USED IN THE
CALCULATION ARE SUMMARIZED IN TABLES 2, 3 AND 4.

MT=701- 705 N,Pg TO THE LOW LYING EXCITED STATES OF BE-10.

TH ATISTICAL MODEL CALCULATION WAS NORMALIZED TO THE
EXPERIMENTAL DATA/26/ AT 14 MEV



MT=720 (N DO

7?6 MEV, THE INVERSE REAC ? CROSS SECTIONS/31/—

Tl
éiEKNgERE CONVERTED BY THE PRINCIPLE OF DETAILE
FROM 7.6 TO 14 MEV, INTERPOLATED LINEARLY
ABOVE 14 MEV, DWBA CALCULATION WITH THE PROTON PICKUP
MECHANISM WAS NORMALIZED TO THE EXPERIMENTAL DATA,
/33/-/34/ AT 14 MEV. THE D + BE-9 AND BOUND PROTON
POTENTIALS OF VALKOVIC+/34/ WERE USED. DEPTH OF TH
PROTON POTENTIAL WAS SEARCHED BY THE SEPARATION ENERGY
METHOD. THE POTENTIAL PARAMETERS ARE LISTED IN TABLE 2
MT=721 &N,DZE
DWBA CALCULATION WITH THE PROTON PICKUP MECHANISM WAS
NORMALIZED TO THE EXPERIMENTAL DATA/26/,/33/-/34/ AT 14
MEV. THIS IS REALLY THE (N,D) REACTION TO THE SECOND

LEVEL OF BE-9.
MT:780 (N,ALPHAOQ
ECOW 10 KE R-MATRIX CALCULATION.
FRgg/lg KEV T0 800 KEV, BASED ON THE EXPERIMENTAL DATA
FROM 800 _KEV TO 7.5 MEV, THE EXPERIMENTAL DATA/37/ WERE
NBE%?%&%ED BY A FACTOR OF 1.38 AND FITTED BY THE SPLINE
ABOVE 7 MEV, THE EXPERIMENTAL DATA/26/ WERE ADOPTED.
MT=781 (N,ALPHA1
BELOW 10 KE THE R-MATRIX CALCULATION.
FRgg/lO KEV TO 100 KEV, BASED ON THE EXPERIMENTAL DATA/36/

FROM 100 KEV TO 2 MEV, RECOMMENDATION BY LISKIEN AND
WATTECAMPS/39/ WAS_ADOP

FROM 2 TO 7.5 MEV, THE EXPERIMENTAL DATA/37-40/ WERE
NORMALIZED BY A FACTOR OF 1.38 AND FITTED BY THE SPLINE

FUNCTION.
ABOVE 7 MEV, THE EXPERIMENTAL DATA/40/ WAS ADOPTED.
MF&% ) ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
) BELOW 100 KEV, THE R-MATRIX CALCULATION
FROM 100 KEV TO 6 MEV, ENDF/B-V WAS ADOPT
WT=16 ABOVE 6 MEV, BASED ON THE OPTICAL MODEL CALCULATION
) CALCULATED BY THE METHOD OF NAKAGAWA/41/.
ANGULAR DISTRIBUTIONS ARE GIVEN IN THE LABORATORY SYSTEM.
MT=51-59, 61, 62, 64-66.
DWBA CALCULATION.
MT=60, 63, 67-89
ASSUMED TO BE ISOTROPIC IN CM.
MFN? 16 ENERGY DISTRIBUTION OF SECONDARY NEUTRONS
) THE EVAPORATION MODEL WAS ASSUMED. THE EVAPORATION
TEMPERATURE WAS ASSUMED TO BE 1 MEV AT 14 MEV. IT WAS
EXTRAPOLATED AS
T = 2673*88RT$ % MEV,
WHERE EN MEANS T DENT NEUTRON ENERGY IN THE
LABORATORY SYSTEM IN MEV
MFN%ZlOZ PHOTON MULTIPLICITIES
B MULTIPLICITIES WERE GIVEN ACCORDING TO A COMPILATION OF
AJZENBERG ET AL./43/. HOWEVER, THEY WERE NORMALIZED
FOR THE TOTAL SECONDARY GAMMA-RAY ENERGY TO MATCH THE
WT=781 AVAILABLE ENERGY IN THE FINAL STATE.
) MELSIPLICITY FOR THE 0.478-MEV GAMMA-RAY WAS GIVEN AS
MF&%34 PHOTON PRODUCTION CROSS SECTIONS

EXPERIMENTAL DATA/41,44/ WERE ADOPTED FOR 0.4138-,
0.7183- AND 1.0219-MEV GAMMA-RAYS. FOR 1.44- AND
2.15-MEV_GAMMA-RAYS, EXCITATION FUNCTION OF THE
0.4138-MEV_GAMMA-RAY PRODUCTION WAS NORMALIZED TO THE
DATA/41/ AT 14_8MEV. FOR 2.87-, 3.01 .44- AND
6.03-MEV _GAMMA-RAYS, SHAPES OF THE CORRESPONDING ﬁN N*)
EXCITATION FUNCTIONS IN MF=3 WERE NORMALIZED TO T
DATA/41/ AT 14_8MEV.

MT=103
FOR 3.368- AND .592-MEV GAMMA-RAYS, SHAPES OF THE
CORRESPONDING (N P) EXCITATION FUNCTIONS IN MF=3
WERE ES MALIZED TO THE EXPERIMENTAL DATA/41/ AT



MF=14 ANGULAR DISTRIBUTION OF SECONDARY PHOTONS
MT=4,102,103,113
ASSUMED TO BE ISOTROPIC.
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TABLE 1  THE 2200-M/S AND 14 MEV CROSS SECTIONS
2200-M/S (B) 14 MEV (B)
ELASTIC 2.144 0.943
NoNTY O Siooe 0.269
NP 0.003 0.038
) S 0.047
NOT 0.012 0.095
N.ALPHA) 3837.0 0.049
N2y e 0.027
APTURE 0.50 0.000
TOTAL 3839.7 1.467

TABLE 2 OPTICAL POTENTIAL PARAMETERS

B-10 + N 710/

V= 47.91 - 0.346EN, WS= 0.657 + 0.810EN, VS0=5.5 MEV)
R= 1.387 , RS= 1.336 , RS0=1.15 (EM
A= 0.464 , AS= 0.278 , AS0=0.5 FM

BE-10 + P /45/
.0 + 27_0(N- Z&/A -0.3ECM

60 MEV
0.64ECM + 1 Z% ,(ECM < 13.8 MEV MEV
g gO—O 06ECM + 10 (N-2)/A ,(ECM > 13.8 MEV MEV

=<
w

VSO



R = RS = RSO = 1.15 FM
A = ASO = 0.57, AS= 0.5 (FM

BE-9 + D /34/
V= 80.0 , Wv= 30.0 , VS0=6.0 MEV)
R=1.0 , RVv=1.0 , RS0=1.0 ,RC= 1.3 (FEM
A= 1.0 , AV= 0.8 , AS0=1.0 FM

TABLE 3 LEVEL SCHEMES USED IN THE DWBA OR STATISTICAL
MODEL CALCULATION

B-10 BE-10
MT ENERGY JP L MT ENERGY JP
( MEV ) ( MEV )

2 0.0 3+ 700 0.0 0+
51 0.7183 1+ 2 701 3.368 2+
52 1.7402 0+ 4 702 5.958 2+
53 2.154 1+ 2 703 5.960 1-
54 3.587 2+ 2 704 6.179 0+
55 4.774 3+ 2 705 6.263 2-
56 5.110 2- 3
57 5.163 2+ 2
58 5.18 1+ 2
59 5.920 2+ 2
61 6.025 4+ 2
62 6.127 3- 3
64 6.561 3+ 2
65 6.881 1- 3
66 7.00 1+ 2

7.430 1-
7.470 1+
7.477 2-
7.560 0+
7.670 1+
7.840 1-
8.070 2-
8.650 1+
8.890 3-
8.894 2+

TABLE 4 LEVEL DENSITY PARAMETERS USED IN THE STATISTICAL
MODEL CALCULATION

B-10 1.196 5.581 0.066 0.0 16.17
BE-10 1.088 5.866 0.021 5.13 19.63



MAT number = 528
5-B - 11 JAERI EVAL-MAY88 T.FUKAHORI
JAERI-M 89-046 DIST-SEP89
HISTORY
87-03 NEWLY EVALUATED BY T.FUKAHORI (JAERI)
88-05 REVISED BY FUKAHORI ﬁJAERI
(N,D), (N, ND) (N,T),(N,NT) AND (N,N2A) ADDED
F=1 GENERAL INFORMATION

MT=451 DESCRIPTIVE DATA AND DICTIONARY
RESONANCE PARAMETERS

MF=2
MT=151 ONLY SCATTERING RADIUS IS GIVEN.

MF=3

CROSS SECTIONS
2200 M/SEC CROSS SECTIONS AND RESONANCE I TEGRALS
2200 M/SEC ES. INTEG.
TOTAL 5.050 B -
ELASTIC 5.045 B -
CAPTURE 5.075 MB 2.542 MB
MT=1 TOTAL CROSS SECTION
BELOW 1 MEV, CALCULATED WITH THE MULTI-LEVEL BREIT-WIGNER
FORMULA AND THE RESONANCE PARAMETERS TAKEN FROM REF. /1/.
IN THE RANGE OF 1 TO 4 MEV, BASED ON THE R-MATRIX
CALCULATION WHICH WAS PERFORMED BY USING KOEHLER ET AL."S
PARAMETERS /2/. ABOVE 4 MEV, SMOOTH CURVE WAS OBTAINED BY
FITTING TO THE EXPERIMENTAL DATA OF AUCHAMPAUGH ET AL./3/
MT=2 ELASTIC SCATTERING CROSS SECTION
BELOW 1 MEV BASED ON THE MULTI-LEVEL BREIT-WIGNER FORMULA.
IN THE RANGE OF 1 TO 2.2 MEV, THE R-MATRIX CALCULATION WAS
ADOPTED. ABOVE 2.2 MEV, THE CROSS SECTION WAS OBTAINED BY
SUBTRACTING THE REACTION CROSS SECTIONS FROM THE TOTAL

CROSS SECTION.

MT=4 TOTAL INELASTIC SCATTERING CROSS SECTION
SUM OF MT=51-57 AND 91
MT=16 N,2N)B-10 CROSS SECTION
CALCULATED WITH GNASH /4/. THE OPTICAL POTENTIAL
PARAMETERS, THE LEVEL DENSITY PARAMETERS AND THE LEVEL
SCHEME ARE SHOWN IN TABLES 1-3, RESPECTIVELY.
MT=22 6N,N'ALPHA%LI—7 CROSS SECTION
CALCULATED WITH GNASH. THE OPTICAL POTENTIAL PARAMETERS,
THE LEVEL DENSITY PARAMETERS AND THE LEVEL SCHEME ARE
SHOWN IN TABLES 1-3, RESPECTIVELY.
MT=28 (N,N"P)BE-10 CROSS SECTION
BASED ON THE GNASH CALCULATION. THE PARAMETERS USED ARE
LISTED IN TABLES 1-3.
MT=29 (N,N"2ALPHA)T CROSS SECTION
BASED ON (N,N"T) CROSS SECTION OF THE GNASH CALCULATION
é¥DAﬁORyé>IZED 0 HE PRODUCTION CROSS SECTION OF KNEFF
MT=32 (N,N'DaBE—Q CROSS SECTION
BASED ON THE GNASH CALCULATION. THE PARAMETERS USED ARE
LISTED IN_TABLES 1-3.
MT=33 (N,N'TaBE—S CROSS SECTION
BASED ON THE GNASH CALCULATION. THE PARAMETERS USED ARE
LISTED IN TABLES 1-3.
MT=51 INELASTIC SCATTERING
THE R-MATRIX CALCULATION WITH KOEHLER ET AL.*S PARAMETERS
WAS ADOPTED BELOW 7 MEV. ABOVE 7 MEV, THE GNASH AND DWBA
CALCULATIONS WERE PERFORMED. THE SUM OF BOTH RESULTS
WAS ADOPTED, AND NORMALIZED TO THE EXPERIMENTAL DATA OF
KOEHLER ET AL. /2/ AND GLENDINNING ET AL. /6/.
MT=52, 53 INELASTIC SCATTERING
LOW 7 MEV, BASED ON THE R-MATRIX CALCULATION WITH
THE SEARCHED PARAMETERS. ABOVE 7 MEV, THE SUM OF THE GNASH
AND DWBA CALCULATIONS WAS ADOPTED, AND FITTED TO THE
EXPERIMENTAL DATA OF GLENDINNING ET AL.
MT=54-57 INELASTIC SCATTERING
THE SUM OF RESULTS OF THE GNASH AND DWBA CALCULATIONS WAS
NORMALIZED TO BE THE RESULT OF OKTAVIAN*S DDX DATA /7/.
MT=91 CONTINUUM INELASTIC SCATTERING
ABOVE 7.2 MEV, CONTINUUM LEVELS WERE ADOPTED.
ASED ON THE GNASH CALCULATION
MT=102 CAPTURE CROSS SECTION
CALCULATED FROM THE MULTI-LEVEL BREIT-WIGNER FORMULA.
THE DIRECT CAPTURE /1/ 1S ALSO CONSIDERED.
MT=103 SN,P)BE-ll CROSS SECTION
BASED ON THE GNASH CALCULATION WITH BEING NORMALIZED TO
THE EXPERIMENTAL DATA OF STEP NCIC ET AL. /8/. THE
PARAMETERS USED ARE SHOWN IN TABLES 1-3, RESPECTIVELY.
MT=104 (N,D)BE-10 CROSS SECTION



BASED ON THE GNASH CALCULATION.
MT=105 (N,T)BE-9 CROSS SECTION
BASED ON’THE GNASH CALCULATION.
NT=107_ é LALPHA)LI-8 CROSS SECTION
NASH CALCULATION WAS PERFORMED, AND NORMALIZED TO THE
EXPERINENTAL DATA OF ANTOLKOVIC ET AL 797 AND
SCOBEL ET AL. /10/. THE PARAMETERS USED ARE SHOWN IN
TABLES 1-3, RESPECTIVELY.

MU-BAR
CALCULATED FROM THE DATA IN MF=4.
MFG% ) ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
) THE R-MATRIX AND DWBA CALCULATIONS WERE ADOPTED BELOW
8 MEV AND ABOVE 8 MEV, RESPECTIVELY.
MT=16,22,28,29,32,33,91
ASSUMED TO BE iSOTROPIC IN THE CENTER OF MASS SYSTEM.

3
BELOW 8 MEV _BASED ON R-MATRIX CALCULATION. ABOVE 8 MEV,

MT=251

BASED ON THE DWBA AND THE GNASH CALCULATIONS.
MT=54, 55,56,57
BASED ON THE DWBA AND THE GNASH CALCULATIONS.
MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=16,22,28,29,32,33,91
BASED ON THE GNASH CALCULATION.

MF=12-15 GAMMA-RAY DAT
BASED ON THE GNASH CALCULATION

TABLE 1 THE OPTICAL POTENTIAL PARAMETERS

NEUTRON V = 41.8-0.005E MEV* RO= 1.40 FM  AO= 0.35 FM REF.12
Ws= 1.01E MEV* RI= 1.15 FM* Al= 0.50 FM
PROTON V = 66.1-0.273E MEV RO= 1.15 FM  AO= 0.57 FM REF.13
WS= 1.50+0.581E MEV  RI= 1.15 FM  Al= 0.5 FM
VSYM = 5.5 MEV  RO= 1.15 FM  AO= 0.57 FM
DEUTERON V = 80.0 MEV* RO= 1.0 FM* AO0= 1.0 FM* REF.14
Wv= 30.0 MEV  RI= 1.0 FEM* Al= 0.8 FM*
VSYM = 6.0 MEV* RO= 1.0 FM* AO= 1.0 FM*
TRITON V = 103.0420.0E MEV* RO= 0.85 FM AO= 0.70 FM REF.15
Wyv= 1.49E MEV* RI= 2.06 FM  Al= 0.72 FM
VSYM = 8.55 MEV* RO= 0.85 FM  AO= 0.70 FM
ALPHA V = 285.2-2.40E MEV* RO= 1.61 FM* AO= 0.55 FM* REF.16
WS= 16.16-0.70E MEV* RI= 1.81 FM  Al= 0.65 FM
NOTE : E IS INCIDENT NEUTRON ENERGY IN LAB. SYSTEM
* MEANS THAT PARAMETER IS MODIFIED FROM ORIGINAL ONE.
TABLE 2 THE LEVEL DENSITY PARAMETERS
A(1/MEV) T(MEV) PAIR. (MEV)
B-10 1.196 7.990 0.0
B-11 1.431 6.112 2.67
B-12 1.491 6.201 0.0
BE-8 1.115 9.187 5.13
BE-9 1.125 8.248 2.46
BE-10 1.088 10.029 5.13
BE-11 1.419 7.277 2.46
LI-7 1.138 7.197 2.67
L1-8 1.115 8.170 0.0

TABLE 3 THE LEVEL SCHEME (ENERGY(MEV), SPIN AND PARITY) /17-18/

B-10 B-11 BE-10 BE-11 L1-7 LI-8

GS 0.0 3+ 0.0 3/2- 0.0 0+ 0.0 1/2+ 0.0 3/2- 0.0 2+
1 0.718 1+ 2.125 1/2- 3.368 2+ 0.320 1/2- 0.478 1/2- 0.981 1+
2 1.740 0+ 4.445 5/2- 5.958 2+ 4.630 7/2-

3 2.154 1+ 5.020 3/2- 5.960 1- 6.680 5/2-

4 3.587 2+ 6.743 7/2- 6.179 0+ 7.460 5/2-

5 4.774 3+ 6.792 1/2+ 6.263 2- 9.670 7/2-

6 5.110 2- 9.120 7/2+ 7.371 3- 9.850 3/2-

7 5.164 2+ 10.60 7/2+ 7.452 2+ 11.240 3/2-

8 5.180 1+ 9.270 4-

9 5.926 2+ 9.400 2+
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MAT number = 625
6-C - 12 JAERI EVAL-AUG83 K.SHIBATA
JAERI-M 83-221 DIST-SEP89 REV2-DEC93
HISTORY
83-08 NEWLY EVALUATED BY K.SHIBATA
DETAILS OF THE EVALUATION ARE GIVEN IN REF./1/.
84-07 DATA OF MF=4 MT=91 WERE REVISED.
COMMENT WAS ALSO MODIFIED.
85-02 DATA OF MT=2, 3, 4, 53 OF MF=3 WERE REVISED ABOVE 10.45
gEMiSEéNGULAR DiSTRIBUTIONS FOR MT=52, 53 WERE ALSO
88-07 DATA OF MT=1, 3, 4, 52 OF MF=3 WERE REVISED ABOVE 8.3 MEV.
93-12 JENDL-3.2
INELASTIC SCATTERING AND CAPTURE CROSS SECTIONS WERE
REEVALUATED BY K. SHIBATA EJAERI%.
BEEXDO LEVELS WERE GENERATED TO REPRODUCE VAILABLE DDX
THE TOTAL CROSS SECTION WAS REPLACED WITH THE R-MATRIX
CALCULATION DONE IN REF./1/.
ALL DATA WERE COMPILED BY K. SHIBATA.
*khkk kK MODIFIED PARTS FOR JENDL_3_2 AhkAkhAkdkhdAdhkhkdhddhkdhkhx*k
3,1 R-MATRIX CALCULTION/1/.
3,2 TOTAL - NOELASTIC
3,3 SUM OF PARTIAL REACTION CROSS SECTIONS
3,4 SUM OF (3,51-91
3,513 (3 MODIFIED BY CONSIDERING EXPERIMENTAL DATA.
ED—CHANNEL STATISTICAL MODEL CAL.
(3 52),(3, 54 57%,(3,
SEUD LEVELS
% 4 BODY BREAKUP.
2 gl MODIFIED BY TAKING ACCOUNT OF P-WAVE CAPTURE.
5,9 % 4-BODY PHASE SPACE
12,102) EXPERIMENTAL DATA FOR 20-200 KEV.
********************************************************
MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA
MF=2 RESONANCE PARAMETERS
MT=151 SCATTERING RADIUS ONLY.
MF=3 CROSS SECTIONS
CALCULATED 2200M/S CROSS SECTIONS AND RES. INTEGRALS
2200 /S (B) RES.INTEG. (B)
TOTAL 4.750 -
ELASTIC 4.746 -
CAPTURE 0.0035 0.0018
MT=1 SIG-T
BELOW 10 EV, SUM OF SIG-EL AND SIG-CAP.
BETWEEN 10 EV AND 4.8 MEV, THE CROSS SECTION WAS CALCU-
LATED ON THE BASIS OF THE R-MATRIX THEORY. THE R-MATRIX
PARAMETERS WERE OBTAINED SO AS TO GIVE THE BEST FIT TO
THE EXPERIMENTAL DATA /2/-/7/.
ABOVE 4.8 MEV, BASED ON THE MEASUREMENTS /8/-/10/.
MT=2 SIG-EL
BELOW 10 EV, SIG-EL = 4.746 BARNS.
ABOVE 10 EV, THE CROSS SECTION WAS OBTAINED BY SUBTRACTING
THE REACTION CROSS SECTION FROM THE TOTAL CROSS SECTION.
MT=3 NON-ELASTIC
UM OF MT=4, 102, 103, 104 AND 107.
MT=4 TOTAL INELASTIC
SUM OF MT 51-75 AND 91.
MT=51 SI1G-1 4.44 MEV LEVEL
BASED ON THE EXPERIMENTAL DATA /11,27,30,31/.
MT=53,58 SIG-IN 7.65 MEV EO+) .64 MEV 63 LEVELS
THE CROSS SECTIONS WERE OBTAINED FR OUPLED-CHANNEL
AND STATISTICAL MODEL CALCULATIONS.
MT=52,54-57,59-75 PSEUDO LEVELS N,N'3ALPHA%
PSEUDO LEVELS WITH AN INTERVAL OF 500 KEV WERE MADE IN
ORDER TO SIMULATE SEQUENTIAL (N,N'g DECAY (EVAPORATION
SHAPE% AND 3-BODY BREAKUP $PHASE SPAC LEADING TO
(N,N" ALPHA& THE SUM OF THE CROSS SE TIONS FOR PSEUDO
LEVELS AND MT=91 IS CONSISTENT WITH THE MEASUREMENT/12/
EXCEPT AROUND THE THRESHOLD ENERGY WHERE THE CALCULATED
CROSS SECTIONS WERE ENHANCED.
MT=91 %N,N'3ALPHA%
CONTRIBUTION FROM 4-BODY BREAKUP. THE CROSS SECTION
WAS ADJUSTED SO THAT THE CALCULATED SPECTRUM COULD GIVE
A GOOD FIT TO EXPERIMENTAL DATA AT 14
TOTAL (N,N")3A CROSS SECTION IS THE SUM OF MT=52-75



AND 91.
MT=102 CAPTURE
BELOW 100 EV, 1/V CURVE.
BETWEEN 100 EV AND 5 MEV, S-WAVE PLUS P-WAVE CAPTURE
BY CONSIDERING THE DATA OF IGASHIRA/32/.
QBSEE 5 MEV, THE INVERSE REACTION DATA OF COOK /13/ WERE

N,P
BASED 0& THE MEASUREMENT OF RIMMER AND FISHER /14/.

MT=104 SN,D%

CALCULATED WITH DWBA.
MT=107 EN,A&

BASED ON THE EXPERIMENTAL DATA /15/-/23/.
MT=251 MU-BAR

CALCULATED FROM THE DATA IN FILE4.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=2
BELOW 10 EV, ISOTROPIC IN THE CENTER-OF-MASS SYSTEM &CM)
%EE%EEN 10 EV AND 4.8 MEV, CALCULATED WITH THE R-MAT
T=51 ABOVE 4.8 MEV, BASED ON THE EXPERIMENTAL DATA /24/-/28/.
MT_53 BégED ON THE EXPERIMENTAL DATA /24/-/28//33/.
“""’BASED ON THE EXPERIMENTAL DATA /33/.
MT=52,54-57,59-75
ISOTROPIC IN CM.

MT=91
ISOTROPIC DISTRIBUTIONS IN LAB.
WF=s_ ENERGY DISTRIBUTION OF SECONDARY NEUTRONS
77 4-BODY PHASE SPACE.
MF=12 PHOTON_PRODUCTION HULTIPLICITIES
MT=51 (N,N")GAMMA
M=1.0
MT=102 (N, GAMMA)
BASED ON THELMEASURENENT OF SPILLING ET AL./29/ AND
OF IGASHIRA /32/.
UF=14 PHOTON ANGULAR DISTRIBUTIONS

=51
BASED ON THE EXPERIMENTAL DATA OF MORGAN ET AL./11/.

MT=102
ASSUMED TO BE ISOTROPIC.
REFERENCES
SHIBATA, K.: JAERI-M 83-221 §19833
MEADOWS, J.W. AND WHALEN, J.F.: NUCL. SCI. ENG. 41 (1970) 351.
CABE, J. AND CANCE, M.: CEA 524 (1973)
STOOKSBERRY, R.W. AND ANDERSON, J. NUCL. SCI. ENG. 51
1973 ??.

ET AL.: NUCL. SCI. ENG. 7 §19 9% 281.

P. ET AL.: BULL. AM. PHYS. SOC. 24 (1979) 862.
GH, G.F. ET AL.: NUCL. SCI. ENG. 69 1979) 30.
S. ET AL.: NUCL. 1

L. ET AL.: ORNL-TM-

g UM - METH
"B. ET AL.: NUCL. g
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5 (1983) 87.
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W. ET AL.: PHYS. REV. C5 (1 1508.

D.E., ET AL.: PHYS. REV. C7 (1973) 1736.

G. ET AL.: CEA-R-4641 (1975).

M. ET AL.: NUCL. PHYS. A344 §19805 446
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32) IGASHIRA M.: PRIVATE COMMUNICATION 19933.
33) BABA M. ET AL.: JAERI-M 90-025, P.383 (1990).



MAT number = 725

HISTORY

89-06

90-10
90-11

94-02

MF=1
MT=45

MF=2
MT=15

MF=3

MT=1

MT=2

MT=4
MT=16
MT=22

MT=28

MT=32

14 JNDC EVAL-JUN89 Y. KANDAéKYU) T. MURATA(NAIG)+

DIST-SEP89 REV2
NEW EVALUATION FOR JENDL-3
SUB-WORKING GROUP ON EVALUATION OF N-14,
WORKING GROUP ON NUCLEAR DATA FOR FUSION,
JAPANESE NUCLEAR DATA COMMITTEE
IN CHARGE
SIG-T K.SHIBATA JAERI)
SIG-EL T.ASAMI (N DAC), T.MURATA (NAIG)
.o Gl
PR ETE I i

ToASAMI 777

CAPTURE T.ASAMI
PHOTON PRODUCT%ON

COMPILATION

EVALUATED DATA WERE COMPILED_BY T.FUKAHO
MF=5: SPECTRA WERE MODIFIED AT LOW ENERGI
NEUTRONS BY T.ASAMI(DATA ENGINEERING CO.

AERI%.
EMITTED
TH THE
ONS.

H
N
ANGULAR
ONS WERE

TIC SCATTERING CROSS SECTIONS
NS FOR THE INELASTICALLY EMITT
SIDERABLY/25/.

,4,22,32,52-90,103,105: CROS
24250 21807 0R0R TG ANGDLAR D1
JAERI%

MULTIPLICITY MODIFIED
ATA™ (JAERI).

ODIFIED PARTS FOR JENDL-3.2 swrsninsnsininsiis
2 BOVE 1 MEV
22),(3,32) éLL ENERGY REGION

gS 722 63 73&D0F JENDL-3.1

R

S CTION MODIFIED
ST. ADDED

OO —«
N = 11 N
)

3,74 F JE
9 EW PSEUD-LEVEL ADDED
ABOVE 7 MEV
ABOVE 9 MEV
0) NEW PSEUD-LEVEL ADDED
52 ENERGY BALANCE

R R Sk ok ok o ok R SR R Rk Rk R S o b Sk R SRR R R ok R Sk R Sk o SR ko R S S R R R ok ko o ok

AW WWWWWWW
NP RN~
OO D WNNNAY

*
KN4 w w uw w w o w ow ow
u

GENERAL INFORMATION
1 DESCRIPTIVE DATA

RESONANCE PARAMETERS
1 SCATTERING RADIUS ONLY.

CROSS SECTIONS

CALCULATED 2200 M/S CROSS SECTIONS AND RES. INTEG.
2200 M/ (B) ES. INTEG. (B)
TOTAL 11.85 -
ELASTIC 10.007 -
CAPTURE 0.075 0.0034
SI1G-T
BELOW 1 EV, A SUM OF PARTIAL CROSS SECTION
ABgYE %LEV, BASED ON THE EXPERIMENTAL DATA 71,2,3,4/.
BELOW 1 EV, SIG-EL = 10 BARNS.
ABOVE 1 EV. THE ELASTIC SCATTERING CROSS SECTION WAS
OBTAINED BY SUBTRACTING THE REACTION CROSS SECTIONS FROM
THE TOTAL CROSS SECTION.
TOTAL INELASTIC
SUM OF MT=51 TO 91.
gN,ZN&
BASED ON EXPERIMENTAL DATA/5/-/7/.
SN,N ALPHAa
ADOPTED THE HALF OF VALUES CALCULATED WITH THE GNASH
CODE/8/.
(N,NP%
CALCULATED WITH THE GNASH CODE/8/, AND NORMALIZED
T0 NHﬁD§XPERIMENTAL DATA/9/.
ADSPTED THE HALF OF VALUES CALCULATED WITH THE GNASH
CODE/8/.



MF

MT=102
MT=103

MT=104

MT=105

MT=107
MT=108

MT=251
MT=780
MT=781
MT=798

SI1G-1IN
THE CROSS SECTIONS WERE CALCULATED WITH THE STATISTICAL
MODEL. THE LOW-ENERGY PORTION WAS ANALYZED WITH THE
RESONANCE THEORY/10/. FOR MT=51 TO 73, THE DIRECT
COMPONENTS WERE CALCULATED WITH THE DWUCK CODE/26/. FOR
74 TO 90, PSEUD-LEVELS WERE ASSUMED AND ADJUSTED TO FIT
TO THE EXPERIMENTAL DATA/27/.

}TE/OPTICAL POTENTIAL PARAMETERS USED ARE THE FOLLOWING
V' 50,08-0.01E , WS = 9.0 + 0.62E, VS0 = 5.5 (NE
R=1.22 . RS = . RSO = 1.15 (FM
A= 0.66 . B = 6:13 . ASO = 0.50 (FM

LEVEL SCHEME
NO. ENERGY (MEV) SPIN-PARITY
G.S. 0.0 1+

1. 2.3129 0+
2. 3.9478 1+
3. 4.9150 0 -
4. 5.1059 2 -
5. 5.6900 1 -
6. 5.8320 3 -
7. 6.2040 1+
8. 6.4440 3+
9. 7.0280 2 +

10 7.9670 2 -

11. 8.0620 1-

12. 8.4880 4 -

13. 8.6180 0+

14. 8.7900 0 -

15. 8.91 3 -

16. 8.96 5 +

17. 9.13 3+

18. 9.17 2 +

19. 9.51 2 -

20. 10.23 1 -

21. 10.81 5 +

22. 11.05 3+

11.07 1+  (SUMMING UP)

23. 11.24 3 -

24 11.5 PSEUD-LEVEL

25. 11.75 PSEUD-LEVEL

26. 12.0 PSEUD-LEVEL

27. 12.25 PSEUD-LEVEL

28. 125 PSEUD-LEVEL

29. 13.0 PSEUD-LEVEL

30. 13.5 PSEUD-LEVEL

31. 14.0 PSEUD-LEVEL

32. 145 PSEUD-LEVEL

33. 15.0 PSEUD-LEVEL

34. 15.5 PSEUD-LEVEL

35. 16.0 PSEUD-LEVEL

36. 16.5 PSEUD-LEVEL

37. 17.0 PSEUD-LEVEL

38. 17.5 PSEUD-LEVEL

39. 18.0 PSEUD-LEVEL

40. 18.5 PSEUD-LEVEL

CAPTURE

CA%ﬁU%ATED WITH THE CASTHY CODE/12/.

BELOW ; MEV, BASED ON EXPERIMENTAL DATA/13/-/18/.

AB?NED7 MEV. BASED ON EXPERIMENTAL DATA/287.

BELOW g.s MEV, BASED ON EXPERIMENTAL DATA/19/.

AB%XETs.s MEV. CALCULATED WITH GNASH.

BELOW 3 MEV, BASED ON EXPERIMENTAL DATA/20/.

ABOVE 9 MEV. BASED ON EXPERIMENTAL DATA/29/-/30/.

gN ALPHAa
BASED ON THE EXPERIMENTAL DATA/17/-/20/.

(N 2ALPHA
CALCULATED WITH GNASH AND NORMALIZED AT 14.1 MEV TO AN
AVﬁBASERVALUE AMONG THE EXPERIMENTAL DATA/21/-/22/.
CALCULATEBASROM ANGULAR DISTRIBUTIONS IN MF=4.

gN, ALP E
BASED ON EXPERIMENTAL DATA.
ALPHA1
BA ED ON EXPERIMENTAL DATA.
g ALPHAg CONTINUUM
BASED ON EXPERIMENTAL DATA.

ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

V)

.



MT=2
1.E-5 EV TO 8 MEV CALCULATED WITH THE RESONANCE THEORY.
8 MEV TO 20 MEV CALCULATED WITH CASTHY.
MT=16,22,28,32
WT=51 7éSSUMED TO BE ISOTROPIC IN THE CENTER OF MASS SYSTEM.
MT_74 9SALCULATED WITH CASTHY/12/ AND DWUCK/26/.
) ASSUMED TO BE ISOTROPIC IN THE LABORATORY SYSTEM.

MF=5 ENERGY DISTRIBUTION FOR SECONDARY NEUTRONS
MT=16,22,28,32
CALCULATED WITH THE GNASH CODE/8/.

MF=12 PHOTON PRODUCTION MULTIPLICITIES
MT=102,103
CALCULATED WITH THE GNASH CODE.
FOR MT=102, MODIFIED BY CONSIDERING ENERGY BALANCE.

MF&%33 PHOTON PRODUCTION CROSS SECTIONS
B CALCULATED WITH THE GNASH CODE/8/.
MF=14 PHOTON ANGULAR DISTRIBUTIONS
MT=3,102,103
ISOTROPIC
MF=15 PHOTON ENERGY DISTRIBUTIONS
MT=3,102,103
CALCULATED WITH THE GNASH CODE/8/.

FOR MT=102, MODIFIED BY USING THE EXPERIMENTAL DATA/24/
AT THERMAL ENERGY.

REFERENCES

1) MELKONIAN E.: PHYS. REV., 76, 1750 (1949).

2) BILPUCH E.G. ET AL.: BULL. AM. PHYS. SOC., 4, 42 (1959).

3) BILPUCH E.G. ET AL.: TAKEN FROM EXFOR (1962).

4) HEATON, Il H.T. ET AL.: BULL. AM. PHYS. SOC., 15, 568 (1970).

5) FERGUSON J.W. ET AL.: PHYS. REV., 118, 228 é1960).

6) BORMANN N. ET AL.: NUCL. PHYS., 63, 438 519 5).

7) RYVES T.B. ET AL.: J. PHYS., G4, 1783 gl 78).

8) YOUNG P.G. AND ARTHUR E.D.: LA-6947 (1 77%.

9) CSIKAI J. AND NACY S.: NUCL. PHYS., A91, 222 §1967)

10)MURATA T.: PROC. INT. CONF. NUCLEAR DATA FOR SCIENCE AND
TECHNOLOGY, MITO, 1988, P.557, (1988).

11)TEMPLON J.A. ET AL.: NUCL. SCI. ENG., 91, 451 $1985)

12)1GARASI S.: J. NUCL. SCI. TECHNOL., 12, 67 (1975).

13)BATCHELOR R.: AERE-N/R-370 (1949).

14)COON J.H. ET AL.: PHYS. REV., 75, 1358 (1949).

15)CURE P. ET AL.: J. PHYS. RADIUM., 12, 6 §1951g.

16)HANNA G.C. ET AL.: CAN. J. PHYS., 39, 1784 §1 61;.

17)MORGAN G.L. ET AL.: NUCL. SCI. ENG., 70, 163 (1979)

18)FELBER H. ET AL.:Z. PHYS., A276, 75 §1976).

19)CHASE, JR L.F. ET AL.: AFSWC-TR-61-1 51961%.

20)GABBARD F. ET AL.: NUCL. PHYS., 14, 277 (1959).

21)LILLIE A.B.: PHYS. REV., 87, 726 (1952%.

22)SCHMIDT G. ET AL.: NUCL. PHYS., A103, 238 (1967).

23)BARTHOLOMEW G.A. ET AL.: NUCL. DATA TABLES, A3, 367 (1967).

24)MAERKER R.E.: ORNL/TM-5203 (1976).

25)KANDA Y. ET AL.: JAERI-M 91-032 (1991) P.376.

26)KUNZ P.D.: UNPUBLISHED.

27)BABA M. ET AL.: PROC. OF INT. CONF. ON NUCL. DATA FOR BASIC
AND APPLIED SCI. AT SANTA FE IN MAY 13-17, P.223 (1985).

28)ANDERSON J.D. ET AL.: UCRL-50001-66-2, (1966).

29)SUHAIMI A.: JUL-2196, &1988).

30)DIMBYLOW P.: PHYS. IN MEDICINE AND BIOLOGY, 25, 637 (1980).



MAT number = 728
7-N - 15 JAERI EVAL-DEC88 T.FUKAHORI
JAERI-M 89-047 DIST-SEP89 REV2-APR94
HISTORY
88-12 NEWLY EVALUATED BY T.FUKAHORI (JAERI1)/1/
94-04 JENDL-3.2
COMPILED BY T.FUKAHORI AND K.SHIBATA (NDC/JAERI)

*kkkx MODIFIED PARTS FOR JENDL_3-2 kkhkkhkkhkhkkhkkkhkhkkhkhkkhkhkkihkkikxki*k
2,151) OMITTED EXCEPT SCATTERING RADIUS
3, 1) BELOW 5.5 MEV, CHANGED TO POINT-WISE CROSS SECTION

3, 2) BELOW 5.5 MEV, CHANGED TO POINT-WISE CROSS SECTION
3,102) BELOW 5.5 MEV, CHANGED TO POINT-WISE CROSS SECTION
12.102) FROM ENERGY BALANCE

AR AR AR AT AR AR AR AKRAKAAKRAA A A A AA AR AN AR AR AKX A A A XA A I Ak d A dhhdhddhhdk

MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 ONLY SCATTERING RADIUS IS GIVEN.

2200 M/SEC CROSS SECTIONS AND RESONANCE INTEGRALS
2200 M/SEC RES. INTEG.
TOTAL 4.590 B -
ELASTIC 4.590 B -
CAPTURE 0.024 MB 0.016 MB
MF=3 CROSS SECTIONS
MT=1 TOTAL CROSS SECTION
BELOW 5.5 MEV, RESONANCE PARAMETERS OF THE MULTI-LEVEL
BREIT-WIGNER FORMULA /2,3/ ARE ADJUSTED TO REPRODUCE THE
EXPERIMENTAL DATA OF B.ZEITNITZ ET AL./4/, AND GIVEN AS
POINT-WISE DATA. ABOVE 5.5 MEV, SMOOTH CURVE WAS OBTAINED
BY FITTING TO THE EXPERIMENTAL DATA OF B.ZEITNITZ ET AL.
MT=2 ELASTIC SCATTERING CROSS SECTION
BELOW 5.5 MEV, POINT-WISE CROSS SECTION OBTAINED FROM MLBW
CALCULATION IS GIVEN. ABOVE 5.5 MEV, THE CROSS SECTION
WAS OBTAINED BY SUBTRACTING THE REACTION CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.
MT=4 TOTAL INELASTIC SCATTERING CROSS SECTION
UM OF MT=51-66 AND 91.
MT=16,22,28,32,33,103,104,105,10
ALCULATED WITH GNASH /5/. THE OPTICAL POTENTIAL POTENTIAL
PARAMETERS, THE LEVEL DENSITY PARAMETERS AND THE LEVEL
SCHEME ARE _SHOWN IN TABLES 1-3, RESPECTIVELY.
MT=51-91 INELASTIC SCATTERING
LCULATED WITH CASTHY /6/. THE PARAMETERS ARE ALSO SHOWN
IN TABLES 1-3.
MT=102 CAPTURE CROSS SECTION
BELOW 5.5 MEV, POINT-WISE CROSS SECTION OBTAINED FROM MLBW
CALCULATION IS GIVEN. ABOVE 5.5 MEV, THE CROSS SECTION
WAS OBTAINED BY CASTHY CALCULATION.
MT=251 MU-BAR
CALCULATED FROM THE DATA IN MF=4.
MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2,51-66

BASED ON THE CASTHY CALCULATION.
MT=16,22,28,32,33,91
ASSUMED TO BE ISOTROPIC IN THE CENTER OF MASS SYSTEM.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,32,33,91
BASED ON’THE GNASH CALCULATION.

MF=12-15 GAMMA-RAY DATA
BASED ON_THE GNASH CALCULATION. FOR MF=12,MT=102,
MODIFICATION WAS DONE FOR ENERGY BALANCE.

TABLE 1 THE OPTICAL POTENTIAL PARAMETERS

NEUTRON V = 50.08-0.012E MEV RO = 1.22 FM A0 = 0.66 FM
WS = 8.91+0.618E MEV RI = 1.45 EM Al = 0.13 EM
VSYM= 5.50 MEV RO = 1.15 FM A0 = 0.50 FM
PROTON V = 51.30-0.220E MEV RO = 1.21 EM A0 = 0.61 EM
WS = 6.40-0.050E MEV Rl = 1.03 FM Al = 0.53 FM
VSYM= 6.00 MEV RO = 1.06 FM A0 = 0.53 FM

DEUTERON PEREY-PEREY"S POTENTIAL/7/



BECCHETTI-GREENLEES™S POTENTIAL/8/
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MAT number = 825
16 J

8-0 NDC EVAL-DEC83 Y.KANDAéKYU) T.MURATA(NAIG)+
Hfé%éé_M 90-012 DIST-SEP89 REV2-DEC93
83-12 NEW EVALUATION FOR JENDL-3
SUB-WORKING GROUP ON EVALUATION OF 0-16,
WORKING GROUP ON NUCLEAR DATA FOR FUSION,
JAPANESE NUCLEAR DATA COMMITTEE
IN CHARGE
SIG-T Y.NAKAJIMA K.SHIBATA(JAERI)
SIG-EL T.MURATA(NAIG
SIG-IN S_.TANAKA(JAERT)
CQP£H§E N P)TiﬁséglgNAEEAAA) Y .KANDA(KYU)
CSMPILAT%ON
EVALUATED DATA WERE COMPILED BY K.SHIBATA.
84-07 DATA OF MF=4 (MT=16, 91% WERE REVISED.
COMMENT WAS ALSO MODIFTED.
87-01 DATA OF MF=3 (MT=51-64,67), MF=4 (MT=51-55) AND MF= 5§MT 16)
WERE MODIFIED S CHIBA, JAERI COMMENT WAS ALSO MODIFIED.
90-10 MF=5 &EXCEPT M MF=12, MT=102 MODIFIED.
93-12 CAPTURE AND GAMMA RODUCTION CROSS SECTIONS WERE MODIFIED.
*hkk*k*x MODIFIED PARTS FOR JENDL_S 2 ESR R SR R ok o o R Sk o R SR AR R ok ok o o R R AR Rk
REEVALUATED BY K. SHIBATA.

3,102

3,2),)3,3) RECALCULATED
12,10 g MODIFIED DUE TO ENERGY CONSERVATION
12.51;567;62) 510 KEV GAMMAS INCORPORATED

13.3) REEVALUATED BY T. ASAMI (DE)
KA A A A A AR A A A A A A A A A A A A A A A A A A A A A AR A A A A KA AR A AR AR A AKX A AR A A AR A A A d Ak ddhddx*k
MF=1 GENERAL INFORMATION
MT=451  DESCRIPTIVE DATA
MF=2 RESONANCE PARAMETERS
MT=151  SCATTERING RADIUS ONLY.
MF=3 CROSS SECTIONS
CALCULATED 2200M/S CROSS SECTIONS AND RES. INTEGRALS
2200M/S (B) RES. INTEG. (B)
TOTAL 3.780 -
ELASTIC  3.780 -
CAPTURE  1.9E-4 6.33E-4
MT=1 SI1G-T
BELOW 3 MEV, THE TOTAL CROSS SECTION WAS CALCULATED
WITH THE R-MATRIX THEORY
ABOVE 3 MEV, BASED ON THE EXPERIMENTAL DATA OF
CIERJACKS ET AL./1/.
MT=2 SI1G-EL
BELOW 3 MEV, CALCULATED WITH THE R-MATRIX THEORY.
ABOVE 3 MEV. THE ELASTIC SCATTERING CROSS SECTION WAS
OBTAINED BY SUBTRACTING THE REACTION CROSS SECTIONS FROM
THE TOTAL CROSS SECTION.
MT=3 NON-ELASTIC
SUM OF =4, 168, 102, 103, 104 AND 107.
MT=4 TOTAL INELASTIC
SUM OF MT=51 TO 91.
MT=16 gN,ZN&
BASED ON EXPERIMENTAL DATA/2/.
MT=51-79,91 SIG-IN
SHAPE OF THE EXCITATION FUNCTIONS WAS CALCULATED WITH
THE STATISTICAL MODEL.
THE OPTICAL POTENTIAL PARAMETERS ARE_THE FOLLOWING:
V' 48.25-0.053€, WS ='3.0 % 0.25, VS0 ='5.5 MEV)
R = 1.255 . RS = 352 . RSO = 1.15 FM;
A = 0.536 . B = 0508 . ASO = 0.50 (FM).
LEVEL SCHEME
NO ENERGY (MEV) SPIN-PARITY
G.S. 0.0 0+
1 6.0490 0+
2 6.1300 3-
3 6.9170 2+
4 7.1169 1-
5 8.8720 2-
6 9.6300 1-
7 9.8470 2+
8 10.360 4+
9 10.960 0-
10 11.080 3+
11 11.100 4+
12 11.520 2+
13 11.600 3-



MF=

MF=

MF=12
MT=52-68,102,1

MF=

MF=

14 12.050 0+
15 12.440 1-
16 12.530 2-
17 12.800 0-
18 12.970 2-
19 13.020 2+
20 13.090 1-
21 13.120 3-
22 13.260 3-
23 13.660 1+
24 13.870 4+
25 13.980 2-
26 14.030 0+
27 14.100 3-
28 14.300 4+
29 14.400 5+
CONTINUUM LEVELS WERE ASSUMED ABOVE 14.4 MEV.
CONSTANT TEMPERATURE OF 3.4 MEV WAS USED.
FOR THE INELASTIC SCATTERING TO THE SECOND AND THIRD
LEVELS, THE (N,N")GAMMA DATA OF NORDBORG ET AL./3/ AND
LUNDBERG ET AL./4/7 BELOW 10ME
FOR MT=51 TO 55, THE 14 MEV CROSS SECTIONS WERE
NORMALIZED TO THE EXPERIMENTAL DATA/5/-/8/.
CROSS SECTIONS FOR MT=56-64 AND 67 WERE NORMALIZED TO
REPRODUCE THE DDX DATA AT 14 MEV/8/,/9/.
MT=102 CAPTURE
1/V CURVE NORMALIZED TO THE RECOMMENDED VALUE IN THE
4TH EDITION OF BNL-325 /10/ AT 0.0253 EV.
WT=103 ABONEP100 EV, P-WAVE CAPTURE WAS CONSIDERED./28/
WT=104 BAgﬁDD%N EXPERIMENTAL DATA/11/-/14/.
BAgED %N THE EVALUATION OF FOSTER, JR. AND YOUNG /15/.
MT=107 gN ALPHA%
WT=251 BASED ON EXPERIMENTAL DATA/3/,/16/-/21/.
CALCULATED FROM ANGULAR DISTRIBUTIONS IN MF=4.
M% ) ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
10E-5 EV TO 3 MEV R-MATRIX CALCULATION
3 MEV TO 5 MEV BASED ON THE EXPERIMENTAL DATA OF
LISTER AND SAYRES /22/.
5 MEV TO 9 MEV MULTI-LEVEL FORMULA/23/.
9 MEV TO 15 MEV BASED ON THE EXPERIMENTAL DATA OF
GLENDINNING ET AL./24/
15 MEV TO 20 MEV CALCULATED WITH THE SPHERICAL
OPTICAL MODEL. _THE POTENTIAL
PARAMETERS ARE THE SAME AS THOSE
WT=16 GIVEN IN SIG-IN.
T=51 7SSSUMED TO BE ISOTROPIC IN THE LABORATORY SYSTEM.
CALCULATED WITH THE STATISTICAL MODEL.
FOR MT=51, 52 AND 55, EXPERIMENTAL DATA/8/ AT 14.2 MEV.
WT=91 FOR MT=53 AND 54 ENDF/B-1V WAS ADOPTED.
ISOTROPIC DISTRIBUTIONS IN THE CENTER OF MASS SYSTEM
WERE TRANSFORMED INTO THE ONES IN THE LABORATORY SYSTEM.
THE FORMULA 1S GIVEN IN REF./25/.
M? 16 ENERGY DISTRIBUTION FOR SECONDARY NEUTRONS
EVAPORATION SPECTRUM WAS ASSUMED. CONSTANT TEMPERATURE
WAS DEDUCED FROM THE EXPERIMENTAL DATA OF CHIBA ET AL.
WT=91 /26/ FOR LI1-7 ACCORDING TO THE SQRT(E/A) LAW.

13
MT=3

14

EVAPORATION SPECTRUM WAS ASSUMED. CONSTANT TEMPERATURE
OF 3.4 MEV WAS DETERMINED FROM THE STAIR CASE PLOTTING.

PHOTON PRODUCTION MULTIPLICITIES
CALCULA?ED1WZTH GNASH/27/.

PHOTON PRODUCTION CROSS SECTIONS
CALCULATED WITH GNASH/27/.

PHOTON ANGULAR DISTRIBUTIONS

MT=3,52-68,102,103,107

ISOTROPIC



MF=15 PHOTON ENERGY DISTRIBUTIONS
MT=3,102,103,107
CALCULATED WITH GNASH/27/.

REFERENCES

1) CIERJACKS,S. ET AL NUCL. INSTR. METH. 169 519802 185

2) BRILL,0.D. ET AL SOVIET PHYS. DOKLADY 6 §1 61% 4.

3) NORDBORG,C. ET AL NUCL. SCI. ENG. 66 (1978) 7

4) LUNDBERG,B. ET AL.: PHYS. SCR. 2_(1970) 273.

5) BAUER,R.W. ET AL.: NUCL. PHYS. 47(1963) 241.

6) MCDONALD,W.J. ET AL NUCL. PHYS. 7551 66)353.

7) MEIER,D. ET AL.: EXFOR 20907,007 (1969).
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REACTORS, 1 (19672 233.
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20)ORPHAN,V.J. ET AL.: NUCL. SCI. ENG. 42 (1970) 352.

21)BAIR,J.K. ET AL.: PHYS. REV. C7 (1972) 356

22)LISTER,D. AND SAYRES A.: PHYS. REV. 143 1966% 745.

23)MURATA,T.: PROC. INT. CONF. NUCLEAR DATA FOR SCIENCE AND
TECHNOLOGY, MITO, 1988, P.557, (1988).
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27)YOUNG.P.G. AND ARTHUR,E.D.: LA-6947 (1977

28) IGASHIRA,M. ET AL.: NUCL PHYS A536 (199 ) 285.



MAT number = 925
9-F - 19 JAERI EVAL-JUL89 T.SUGI
DIST-SEP89 REV2-JUN94
HISTORY
83-11 Egﬁkg?T}g FOR JENDL-2 WAS PERFORMED BY SUGI AND NISHIMURA
89-07 RESONANCE PARAMETERS AND TOTAL CROSS SECTION WERE
RE-EVALUATED FOR JENDL-3.
89-07 COMPILED BY T. NARITA (JAERI).
94-06 JENDL-3.2.
GAMMA PRODCTION DATA MODIFIED BY T.ASAMI (DATA ENG.
OTHER DATA WERE MAINLY ADOPTED FROM JENDL FUSION FILE.
COMPILED BY T.NAKAGAWA (NDC/JAERI)

*kkkx MODIFIED PARTS FOR JENDL_3-2 kkhkkhkkhkhkkhkhkkhkkkhkhkkhkhkkihkkhkki*k
(3,2) 3,22), (3,28), (3,52-91), (3,104), (3,251)
ALL ANG LAR DI TRIBaTlgNS
ALL ENERGY_DISTRIBUTIONS
NEW EVALUATION FOT GAMMA-RAY PRODUCTION DATA

R SRk Sk ok ok R o R SRR GRSk o o R S R SR ok R ok ok R ok S SR SR R Sk o o o o SR AR R ok ok ok Sk ok

N
/.
T

JENDL FUSION FILE /2/ AS OF JUN. 1994)
EVALUATED AND COMPILED BY S.CHIBA (NDC/JAERI).

ALCULATIONS HAVE BEEN CARRIED OUT WITH THE SINCROS-11
SYSTEM (DWUCKY, EGNASH AND CASTHYZY) /3/. THE

OWING SET OF OMPS WERE SELECTED

N : YAMAMURO (MODIFIED WALTER- GUSS) /3/
P : PEREY AND WALTER-GUSS COMBINED /4/
D : LOHR-HAEBERLI /
T : N
H
A

5/
BECCHETTI-GREENLEES /6/

E-3 : BECCHETTI-GREENLEES /6/

LPHA : LEMOS SET MODIFIED BY ARTHUR-YOUNG /7/
THE FOLLOWING VALUES OF LEVEL DENSITY PARAMETERS (1/MEV)
WERE USED TO REPRODUCE THE DDX AT 14 MEV:
F-20 F-19 F-18 0-19 0-18 0-17 N-17 N-16 N-15 N-14 C-15 C-14
4.49 3.50 2.50 2.50 3.00 2.99 3.51 2.00 2.00 2.03 2.84 2.46

THE DATA WERE TAKEN FROM JENDL-3.1 EXCEPT FOR THE FOLLOWING:

MF=3, MT= 2: ADJUSTED TO CONSERVE THE TOTAL C.S.
MF=3, MT= 3: CALCULATED AS A SUM OF REACTION C.S.
ME=3, MT= 4: CALCAULATED AS A SUM OF INELASTIC C.S.
MF=3, MT=22, 28, 32, 91 : TAKEN FROM THE SINCROS-11
CALCULATION
MF=3, MT=52: BEELQEED BY THE SINCROS-11 CALCULATION ABOVE
MF=3, MT=53-60: REPLACED BY THE SINCROS-11 CALCULATION
ME=3, MT=203,204,205,207: TAKEN FROM THE SINCROS-11 CALC.
MF=4, MT= 2: REPALCED BY THE SINCROS-11 CALCULATION
MF=6, MT=22, 28, 32, 91 : TAKEN FROM THE SINCROS-11
CALCULATION. _KUMABE®"S SYSTEMATICS WAS USED.
MF=6, MT=203,204,205,207: TAKEN FROM THE SINCROS-
ALCULATION. KALBACH®S SYSTEMATICS WAS USED.
MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY
MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS : 1.0E-5 EV - 100 KEV
THE MULTI-LEVEL BREIT-WIGNER FORMULA WAS USED.
RES. ENERGIES AND GAM-N : THE FIRST TWO LEVELS WERE BASED ON
JOHNSON ET AL. /8/. THE 3RD AND 4TH LEVELS WERE ADJUSTED
SO AS _TO FIT TO THE EXPERIMENTAL DATA OF LARSON ET AL./9/
GAM-G : THE FIRST THREE LEVELS WERE BASED ON MACKLIN AND

WINTERS /10/. THE 4TH LEVEL WAS ADJUSTED SO AS TO FIT TO
THE RECOMMENDED THERMAL CAPTURE CROSS SECTION OF
MUGHABGHAB ET AL./11/.

SCATTERING RADIUS: 5.525 FM

CALCULATED 2200- g/S CROSS SECTION?N#EB RES. INTEGRALS.

00 M/S RES
ELASTIC 3.643 B
CAPTURE 9.6 MILLI-B 19.5 MILLI-B
TOTAL 3.652 B -
MF=3 NEUTRON CROSS SECTIONS
MT=1 TOTAL CROSS SECTION



LOW 100 KEV: NO BACKGROUND
OVE 100 KEV: BASED ON THE EXPERIMENTAL DATA OF LARSON ET

79/
ELASTIC SCATTERING CROSS SECTION

RIVED BY SUBTRACTING THE NONELASTIC CROSS SECTION FROM

E TOTAL CROSS SECTION.

MT=4 TOTAL INELASTIC SCATTERING CROSS SECTION
SUM OF MT=51-60,91.

MT=16 N,2N) CROSS_SECTION
CALCULATED BY FITTING THE PEARLSTEIN®S FUNCTION /12/ TO THE
EXPERIMENTAL DATA.

MT=22A N,N" ALPHAaEAND N,ALPHA N % CROSS SECTIONS

CALCULATED BY T SINCROS-11 COD
MT=28 N,N* AND (N,P N") CROSS SECTIONS
CALC LATED Y THE SINCROS-11 CODE SYSTEM.
MT=51-60 INELASTIC SCATTERING CROSS SECTIONS
MT=51 (TAKEN FROM JENDL—S.l&
UP TO 1 MEV /1é/BASED ON THE EXPERIMENTAL DATA OF BRODER
1 MEV - 5.5 MEV : CALCULATED WITH THE HAUSER-FESHBACH
METHOD (ELIESE 3 /14/) TAKING INTO ACCOUNT
(N, ALPHA a AND gN ,P) AS COMPETING PROCESSES. THE
LEVEL SCHEME OF F-19, N-16 AND 0-19 WAS TAKEN FROM
AJZENBERG-SELOVE /15,16/. THE OPTICAL POTENTIAL
PARAMETERS ARE :
V = 51.56 - 1.492*E MEV),
WS = 11.82 MEV),
VS0= 10.0 MEV),
RO = RS = RSO = 1.31 FM),
A = ASO_= 0.66 FM),
B = 0.47 FM
THE LEVEL DENSITY PARAMETER OF 3.60 1/MEV)/17/ AND
0T EéIRING ENERGY OF 2.52 MEV /18/ WERE USE

UP TO 2.5 MEV: TAKEN FROM JENDL-3.1, WHICH IS BASED ON THE
DATA OF BRODER_ET AL /13/.

MTAE%VE 505 MEV: CALCULATED BY THE SINCROS-11 CODE SYSTEM.
CALCULATED BY THE SINCROS-11 CODE SYSTEM.

THE SINCROS-11 CALCULATION ADOPTED THE FOLLOWING DISCRETE

LEVELS. THE LEVELS WITH L AND BETA-L INCLUDE THE

CONTRIBUTION OF DIRECT INELASTIC SCATTERING, WHICH WAS

CALCULATED ASSUMING THE WEAK-COUPLING MODEL BY THE DWBA

METHOD:
MT EX(MEV) SPIN-PARITY L BETA-L
2 0.0 1/2+
51 0.1099 1/2-
52 0.1972 5/2+ 2 0.4
53 1.3457 5/2-
54 1.4585 3/2-
55 1.5541 3/2+ 2 0.6
56 2.7798 9/2+ 4 0.4
57 3.9071 3/2+
58 3.9985 7/2-
59 4.0325 9/2-
60 4.3777 7/2+ 4 0.4
MT=91 INELASTIC TO CONTINUUM
CALCULATED WITH SINCROS-11 CODE SYSTEM.
MT=102 CAPTURE CROSS SECTION
BELOW 100 KEV : NO BACKGROUND.
100 KEV - 1.87 MEV : BASED ON THE EXPERIMENTAL DATA OF
GABBARD ET AL. /19/.
1.87 MEV - 20 MEV : ASSUMED TO DECREASE WITH 1/V LAW.
MT=103 8N,P& CROSS SECTION
UpP 70 9 MEV : EESE928§ THE EXPERIMENTAL DATA OF BASS ET
9 MEV - 20 MEV : CALCULATED WITH THE STATISTICAL MODEL BY
USING PEARLSTEIN®" EMPIRICAL FORMULA.
MT=104 N,D) CROSS SECTION
CALCULATED BY THE SINCROS-11 CODE SYSTEM.
MT=105 6 % CROSS SECTION
CALCULATED BY THE SINCROS-11 CODE SYSTEM.
MT=107 N,ALPHA) CROSS SECTION
BELOW 9 MEV, BASED ON THE FOLLOWING EXPERIMENTAL DATA:
UP TO 4MEV DAVIS ET AL. 721/,
4MEV - 5.5MEV SMITH ET AL. /22/,
5.5MEV - 9MEV BASS ET AL. /20/.



ABOVE 9 MEV, CALCULATED WITH THE PEARLSTEIN"S FORMULA.
MT=251 AVERAGE COSINE IN THE LABORATORY SYSTEM
DERIVED FROM THE ANGULAR DISTRIBUTIONS.

MF&% 2ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT_lgAESUEQTED WITH OPTICAL MODEL BY THE SINCROS-11 CODE SYSTEM.
- 5CAL8ULATED BASED ON KUMABE®S SYSTEMATICS /23/.

6
EALCULATED BY THE SINCROS-11 CODE SYSTEM.
CALCULATED BASED ON KUMABE®"S SYSTEMATICS /23/.
MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28.91
CALCULATED BY THE SINCROS-11 CODE SYSTEM.
REFERENCES
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MAT number = 1125
11-NA- 23 SRI EVAL-MAR87 H.YAMAKOSHI(SHIP RESEARCH INST.)
DIST-SEP89 REV2-NOV93

HISTORY

87-03 NEW EVALUATION WAS MADE FOR JENDL-3.

89-08 THE DATA FOR MF=15,MT=102 MODIFIED.

93-11 JENDL-3.2
MF=3,MT=1: MODEFIED BY T.FUKAHORI(JAERI)
MF=4 MT=91: CHANGED TO LAB. SYSTE BY T_.NAKAGAWA(JAERI
GAMMA-RAY PART: MODEFIED BY T.ASAMI(DATA ENG. CO. LTD.

*k Kk kK MODIFIED PARTS FOR JENDL_3-2 AhkAXAkAhAhAkddhdhhkdkhkkhdhx*i
3, 1 LARSON"S DATA/1/ ABOVE 1 MEV
3, 2 ACCORDING TO (3,1) ABOVE 1 MEV
3,16),(3,22), (3 5%2 ,(3,103).(3,107) AROUND THRESHOLD

4, % CHANGED TO LAB. SYSTEM
12,51-61 UPPER ENERGY LIMIT: 6.26 MEV
12,62-67 ADDED
12,102) FROM ENERGY BALANCE
UPPER ENERGY LIMIT: 6.26 MEV
12,103 UPPER ENERGY LIMIT: 6.26 MEV
13, 3 LOWER ENERGY LIMIT: 6.26 MEV
14,62-67 ADDED
15,102) RECALCULATION BY CASTHY AT 1.0E-5,0.0253 EV.

ECR R SRk ok o Sk e R R SR R R ok Sk o o ok o R o S SR A SR ok ok R ok S SR ok o SR S R R A ok R ok Sk Sk R R R AR R

MF=1 GENERAL INFORMATION
MT=451 DESCR PTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS
RESOLVED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN THE ENERGY

REGION FROM 1.0E-5 EV TO 350 KEV. PARAMETERS WERE MAINLY TAKEN
FROM THE RECOMMENDED DATA OF BNL /2/, AND THE DATA FOR SOME
LEVELS WERE MODIFIED SO THAT THE CALCULATED TOTAL CROSS SEC-
TIONS FOR NA-23 WERE FITTED TO THE EXPERIMENTAL DATA. THE
SCATTERING RADIUS WAS ASSUMED TO BE 5.2 FERMI. CALCULATED 2200
M/SEC CROSS SECTIONS AND RESONANCE INTEGRALS ARE AS FOLLOWS:
2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)
ELASTIC 3.024
CAPTURE 0.531 0.3122
TOTAL 3.555
MF=3 NEUTRON CROSS SECTIONS
BELOW 350 KEV, BACKGROUND CROSS SECTION WAS GIVEN FOR THE TOTAL
AND ELASTIC SCATTERING CROSS SECTIONS. THE CROSS-SECTION DATA
ARE REPRODUCED FROM THE EVALUATED RESOLVED RESONANCE PARAMETERS
WITH MLBW FORMULA. ABOVE 350 KEV, THE TOTAL AND PARTIAL CROSS
SECTIONS WERE GIVEN POINTWISE.
MT=1 TOTAL
IN THE ENERGIES BETWEEN 350 KEV AND 14 MEV, EVALUATED BASED ON
THE EXPERIMENTAL DATA OF CIERJACKS/3/ IN TRACING THEIR FINE
STRUCTURES. ABOVE 14 MEV, BASED ON THE EXPERIMENTAL DATA OF
LANGSFORD/4/, STOLER/5/ AND LARSON/1/. MODEFICATION WAS DONE BY
T.FUKAHORI(JAERI) TO BE BASED ON THE EXPERIMENTAL DATA OF ONLY
LARSON/1/ ABOVE 1 MEV.
MT=2 ELASTIC SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.
MT=4, 51-77, 91 INELASTIC SCATTERING
BELOW 5 MEV, THE INELASTIC SCATTERING CROSS SECTION TO THE 1ST
LEVEL(MT:51% WAS EVALUATED BASED ON THE EXPERIMENTAL DATA OF
TOWLE AND GT1LBOY/6/, CHRIEN AND SMITH/7/, AND LIND AND DAT/8/
BELOW 5 MEV, THE INELASTIC SCATTERING CROSS SECTION TO THE 2ND
AND 3RD LEVEL(MT=52, WAS EVALUATED BASED ON THE EXPERIMENTAL
DATA OF FREEMAN_ AND MON AGUE/9/, LIND AND DAT/8/, AND TOWLE AND
OWENS/10/. FOR THE INELASTIC SCATTERING CROSS SECTIONS TO THE
1ST TO 3RD LEVELS ABOVE 5 MEV AND THE OTHER INELASTIC SCATTERING
DATA, OPTICAL AND STATISTICAL MODEL CALCULATIONS WERE MADE WITH
THE CASTHY CODE/11/, TAKING ACCOUNT OF THE CONTRIBUTION FROM THE
COMPETING PROCESSES. THE DIRECT COMPONENT WAS CALCULATED WITH
WITH THE DWUCK CODE/12/ FOR FIVE LOWEST LEVELS. THE DEFORMATION
PARAMETERS WERE ESTIMATED BASED ON A WEAK COUPLING MODEL. THE

OP&ICAL POTENTIAL PARAMETERS USED ARE:

= 46.0 - 0.25*EN, VSO = 6.0 MEV
WS = 14.0 - 0.2*EN, WV = 0.125*EN (MEV
R =1.286, RS = 1.39, RSO = 1.07 FM
A =10.62, ASO = 0.62, B = 0.7 FM
THE LEVEL DATA USED IN THE ABOVE TWO CALCULATIONS WERE TAKEN



FROMTREF /13/ AS FOLLOWS:

EL ENERGY(MEV) SPIN-PARITY
0.0 3/2+
51 0.4399 5/2+
52 2.0764 7/2+
53 2.3909 1/2+
54 2.6398 1/2-
55 2.7037 9/2+
56 2.9824 3/2+
57 3.6783 3/2-
58 3.8480 5/2-
59 3.9147 5/2+
60 4.4320 1/2+
61 4.7756 7/2+
62 5.3800 3/2+
63 5.5360 11/2+
64 5.7410 3/2+
65 5.7660 5/2+
66 5.9310 1/2-
67 5.9670 3/2-
68 6.0430 1/2-
69 6.1170 11/2+
70 6.1910 1172+
71 6.2360 13/2+
72 6.3080 1/2+
73 6.3506 9/2-
74 6.5770 5/2+
75 6.6170 9/2+
76 6.7340 3/2+
77 6.8680 5/2+
LEVELS ABOVE 6.9 MEV WERE ASSUMED TO BE OVERLAPPING.
MT=16 éN,ZN)
i géINLY ﬁSﬁR ON THE EXPERIMENTAL DATA OF ADAMSKI/14/.
CALCULATED W%TH THE GNASH CODE/15/ AND NORMALIZED TO THE
0T EéPERIMENTAL DATA OF WOELFER/16/ AT 16.4 MEV.
CALCULA$ED W%TH THE GNASH CODE/15/.
MT=102 CAPTURE
CALCULATED WITH THE CASTHY CODE/11/ AND NORMALIZED TO 0.3 MB
AT 500 KEV.
MT=103 SN,P
BELOW 1 BASED ON THE EXPERIMENTAL DATA/17,18/

MEV, .

ABOVE 10 MEV, CALCULATED WITH THE GNASH CODE/15/ AND NORMALIZ-
" EB7TO CONNECT SMOOTHLY WITH THE DATA BELOW 10 MEV.

BELOW MEV, BASED ON THE EXPERIMENTAL DATA/17,18/.

ABOVE 12 MEV, CALCULATED WITH THE GNASH CODE/15/ AND NORMALIZ-

ED TO CONNECT SMOOTHLY WITH THE DATA BELOW 10 MEV.
MT=251 MU-BAR

CALCULATED WITH THE OPTICAL MODEL.

M5=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MT_géngLATED WITH THE CASTHY CODE/11/.
MT_SQLCULATED WITH THE CASTHY CODE/11/ AND THE DWUCK CODE/7/.
"CALCULATED WITH THE CASTHY CODE/11/ AND TRANSFORMED INTO THE
LABORATORY SYSTEM.
MT=16, 22, 28
ASSUMED TO BE ISOTROPIC IN THE LABORATORY SYSTEM.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16, 22, 28, 91
CALCULATED WITH THE GNASH CODE/15/.

MF=12 PHOTON PRODUCTION MULTIPLICITIES
MT=51-67,102,103

[EEN

CALCULATED WITH THE GNASH CODE.

FOR THE JENDL-3.2, MODIFICATIONS WERE DONE FOR ENERGY BALANCE

Qge FOR CHANGING UPPER ENERGY LIMIT FROM 5.21937 MEV TO 6.26325
MF=13 PHOTON PRODUCTION CROSS SECTIONS

MT=3
CALCULATED WITH THE GNASH CODE/15/.
FOR THE JENDL-3.2, LOWER ENERGY LIMIT WAS CHANGED TO 6.26325
MEV, ACCORDING TO MF=12 MODIFICATION.

MF=14 PHOTON ANGULAR DISTRIBUTIONS



3,51-67,102,103
SSUMED TO BE ISOTROPIC IN THE LABORATORY SYSTEM.

MT=
A

NTINUOUS PHOTON ENERGY SPECTRA

ATED WITH THE GNASH CODE/15/.
CALCULATED WITH THE GNASH CODE/15/ A B 8 g ED AT THERMAL

ND MODIFI
BASED ON THE EXPERIMENTAL DATA OF MAERKER/19/ AND CASTHY
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MAT number = 1200
12-MG- O DEC,NEDAC EVAL-MARS87 M.HATCHYAgDEC),T.ASAMI(NEDAC)
ORY DIST-SEP89 REV2-NOV9

3 NEW EVALUATION WAS MADE FOR JENDL-3.
3 COMPILED BY T.ASAMI.
1 JENDL-3.2.
GAMMA-PRODUCTION DATA MODIFIED BY T.ASAMI(DATA ENG.)
COMPILED BY T.NAKAGAWA (NDC/JAERI)

*kk*k*x MODIFIED PARTS FOR JENDL_3-2 ORI R o o ok ok e S Sk SRR SR kA
12,102) BELOW 3 MEV
13 42 BELOW 3 MEV
2)

—ROO-

14,4 NEW
15.1 MODIFIED AT 1.0E-5 AND 0.0253 EV

AR AR AR AXT AR AR AR AR AKRAKRAA A AR AR AKX AR AR A A AR AL A XA A dA Ak hdhAdhhdhhdhhdk

MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS

MT=151 RESOLVED RESONANCE PARAMETERS
RESOLVED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN THE ENERGY
REGION FROM 1.0E-5 EV TO 520 KEV. THE DATA ARE CONSTRUCTED
FROM THE EVALUATED RESONANCE PARAMETERS FOR MG-24, -25 AND -26,
CONSIDERING THEIR ABUNDANCES IN THE MG ELEMENT/1/.

2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)
ELASTIC 3.53
CAPTURE 0.063 0.0366
TOTAL 3.59

MF=3 NEUTRON CROSS SECTIONS
BELOW 520 KEV, ZERO BACKGROUND CROSS SECTION WAS GIVEN.
ég?NEW?gg KEV, THE TOTAL AND PARTIAL CROSS SECTIONS WERE GIVEN
ALL THE CROSS-SECTION DATA WERE CONSTRUCTED FROM THE EVALUATED
ONES FOR THREE _STABLE ISOTOPES OF MG CONSIDERING THEIR
ABUNDANCES IN THE MG ELEMENT,
MT=1 TOTAL
CONSTRUCTED FROM THE EVALUATED DATA FOR STABLE ISOTOPES OF MG.
MT=2 ELASTIC SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.
MT=4, 51-90, 91 INELASTIC SCATTERING
CONSTRUCTED FROM THE EVALUATED DATA FOR STABLE ISOTOPES OF MG
Aﬁ FOLLOWS:

T LEVE% SNERGY(MEV) MG-24 MG-25 MG-26
51 0.5851 51

52 0.9748 52

53 1.3686 51

54 1.6118 53

55 1.8087 51
56 1.9647 54

57 2.5638 55

58 2.7377 56

59 2.8011 57

60 2.9384 52
61 3.4052 58

62 3.4137 59

63 3.5880 53
64 3.9078 60

65 3.9405 54
66 3.9707 61

67 4.0596 62

68 4.1200 52

69 4.2384 53

70 4.2770 63

71 4.3180 55
72 4.3320 56
73 4.3500 57
74 4.3594 64

75 4.7114 65

76 4.7220 66-67

77 4.8340 58
78 4.9000 59
79 4.9700 60
80 5.2361 54

81 5.2910 61
82 5.4740 62



83 5.6900 63
84 6.0103 55
85 6.4322 56
86 7.3479 57
87 7.5530 58
88 7.6162 59
89 7.7472 60
90 7.8120 61
LEVELS ABOVE 7.98 MEV WERE ASSUMED TO BE OVERLAPPING.
MT=16, 102 103 AND 107 (N,2N), (N,NA), (N,NP),
6N,GAMMAE AND (N,
CONSTRUCTED ROM THE EVALUATED DATA FOR THREE STABLE ISOTOPES
OF MG, TAKING ACCOUNT OF THEIR ABUNDANCES IN THE MG ELEMENT.
THE CALCULATED CAPTURE CROSS SECTIONS WERE NORMALIZED SO AS TO
REPRODUCE THE ELEMENT MG DATA OF 72 MB AT 500 KEV/2/.
MT=251 MU-BAR
CONSTRUCTED FROM THE EVALUATED DATA FOR STABLE ISOTOPES
OF MG, TAKING ACCOUNT OF THEIR ABUNDANCES IN THE MG ELEMENT.
Mﬁ?42 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
CONSTRUCTED FROM THE EVALUATED DATA FOR STABLE ISOTOPES
MToglmgé TSEING ACCOUNT OF THEIR ABUNDANCES IN THE MG ELEMENT.
CONSTRUCTED WITH THE EVALUATED DATA FOR STABLE ISOTOPES
MTOEGMGéZTAgéNG ACCOUNT OF THEIR ABUNDANCES IN THE MG ELEMENT.
1S0TROPIC  IN THE LABORATORY SYSTEM.
M5$516ENE§GY DIS;TIBUTIONS OF SECONDARY NEUTRONS
CONSTRUCTED FROM THE EVALUATED DATA FOR STABLE ISOTOPES
OF MG, TAKING ACCOUNT OF THEIR ABUNDANCES IN THE MG ELEMENT.
M5$1§02H0T0N PRODUCTION MULTIPLICITIES
FROM ENERGY BALANCE

MF=13 PHOTON PRODUCTION CROSS SECTIONS

MT=3 (ABOVE 3 MEV)
CALCULATED WITH THE GNASH CODE/3/.

MT=4 (BELOW 3 MEV)
CALCULATED FROM INELASTIC CROSS SECTIONS AND TRANSITION
PROBABITIES OF MG ISOTOPES.

MF=14 PHOTON ANGULAR DISTRIBUTIONS
MT;géUﬁEDlgé BE ISOTROPIC IN THE LABORATORY SYSTEM.
MF=15 CONTINUOUS PHOTON ENERGY SPECTRA

mICéBCULATED WITH THE GNASH CODE/3/.

CALCULATED WITH THE CASTHY CODE/4/ BELOW 0.0253 EV AND
WITH THE GNASH CODE/3/ AT HIGHER ENERGIES.

REFERENCES

1) HOLDEN N.E., MARTIN R.L. AND BARNES I.L. : PURE & APPL.
CHEM. 56, 675 (1984%

2) GRENIER ET AL. : CEA-N-2195 (1981)

3) YOUNG P.G. AND ARTHUR E.D. 47 1 g

4) I1GARASI S. AND FUKAHORI T.: JAERI 132 991).



MAT number = 1225
12-MG- 24 DEC,NEDAC EVAL-MARS87 M.HATCHYAgDEC), T.ASAMI(NEDAC)
DIST-SEP89 REV2-APR9
HISTORY
87-03 NEW EVALUATION WAS MADE FOR JENDL-3.
87-03 COMPILED BY T.ASAMI.
93-04 JENDL-3.2
COMPILED BY T.NAKAGAWA (NDC/JAERI)

*kkkx MODIFIED PARTS FOR JENDL 3 2 kkhkkhkkhkhkkhkkhkhkkhkhkkhkhkkhhkkhkki*k
(4,91 CHANGED TO THE LABORATORY SYSTEM

***********************************************************

MF=1 GENERAL FORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF= SONANCE PARAMETERS

MT RESOLVED RESONANCE PARAMETERS

D PARAMETERS FOR MLBW FORMULA WERE GIVEN IN THE ENERGY
ROM 1.0E-5 EV TO 520 KEV. PARAMETERS WERE TAKEN FROM
ENDED DATA OF BNL/1/ AND THE DATA FOR A NEGATIVE

WERE ADDED SO AS TO REPRODUCE THE RECOMMENDED THERMAL
IONS FOR CAPTURE AND SCATTERING/1/. THE DATA FOR

S WERE MODIFIED SO THAT THE CALCULATED TOTAL CROSS

E THE ELEMENT MG WERE FITTED TO THE EXPERIMENTAL DATA
[

-_—O 20

O=o0ounmownol

/ AND SINGH/3/. THE SCATTERING RADIUS WAS ASSUMED
ERMI. CALCULATED 2200 M/SEC CROSS SECTIONS AND
INTEGRALS ARE AS FOLLOWS:

2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)
ELASTIC 3.75

CAPTURE 0.050 0.0312
TOTAL 3.80

MF=3 NEUTRON CROSS SECTIONS
W 520 KEV, NO BACKGROU
EP

TD—HOUNWLOTTHIDTIIN
MOTMMOXUMIMIMmME

S SECTION IS GIVEN AND ALL THE
WFEgg THE EVALUATED RESOLVED
TAL CROSS "SECTIONS ARE GIVEN IN

-SECTION DATA ARE R

D
0D
ANCE PARAMETERS WIT BE

—wWowm

0 N
S R
0 T
v 20 KEV, THE TOTAL AN
XTWISE FORM.

L
AND STATISTICAL MODEL CALCULATION WAS MADE WITH
CODE/4/ THE OPTICAL POTENTIAL PARAMETERS USED ARE:
49.68, VSO = 7.12 MEV
7.76 - 0.5%EN, wv 0 MEV
, RSO = 1.17 FM
, B =0.69 FM

NSUM OF THE PARTIAL CROSS SECTIONS
ATTERING

T

S

S
5 P
1
MT=1 TOT
1CAL

BEL
CRO
RES
ABO
THE
T=1
OPT
CAST

N
E
P
H

W

rOo—HZrr>oxmn<<roo

, TAKING ACCOUNT OF THE CONTRIBUTION
ES. THE DIRECT COMPONENTS FOR MT=51

LCULATED TH THE DWUCK/5/. THE CALCULATED DATA

EVEL WERE NORMALIZED AT 12 MEV TO THE EXPERIMEN-

HE LEVEL DATA USED IN THESE TWO CALCULATIONS WERE

./7/ AS FOLLOWS:

ENERGY(MEV) SPIN- PARITY

oo gigioigigioioioio
RPOOO~NOUIRWNE

O~N~N~N~N~NoOOURMMROrr: Ar-x>—x
PARPORWRPWWNO

OO~NOUIWPAONNRFPWO

LEVELS ABOVE 1 V WERE ASSUMED TO BE OVERLAPPING.

MT=16, 22, 28, 103, 107 N, 2N SN,NA), EN 3 6
CALCULATED WITH THE GNASH CODE/8/ USING” THE ABOVE
PARAMETERS. THE (N,2N) CROSS SECTIONS WERE MODIFIE
FIT TO THE EXPERINENTAL DATA.

MT=102 CAPTURE
XTngLQEED WITH THE CASTHY CODE/4/ AND NORMALIZED TO 1.8 MB

MT=251 MU-BAR
CALCULATED WITH THE OPTICAL MODEL.

N.P), N,AE
PTICAL MODEL
D SO AS TO



M5=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MTEé&Cg&ATED WITH THE CASTHY CODE/4/.
CALCULATED WITH THE CASTHY CODE/4/, AND CONTRIB
DIRECT PROCESS CALCULATED WITH THE DWUCK CODE/5
M5i51 AND 52.
CALCULATED WITH THE CASTHY CODE/4/ AND TRANSFORMED INTO THE
LABORATORY SYSTEM.
MT=16, 22, 28

ASSUMED TO BE ISOTOROPIC IN THE LABORATORY SYSTEM.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16, 22, 28, 91
CALCULATED WITH THE GNASH CODE/8/.

NC

MT

HABGHAB Ség£1r AND GARBER D.l. :"NEUTRON CROSS SECTIONS", VOL.

N C.T. : T%kEN FROM EXFOR 1969%.
U.N. ET AL. : PHYS. REV. C10, 2150 (1974).
I S. - J. NUCL. SCI. TECH. 12, 67 (1975).

UNPUBLISHED.
E . NUCL. INSTR. METH. 169, 533 (1980).

ALUATED NUCLEAR STRUCTURE DATA FILE)

G HUR E.D. : LA-6947 (1977).

. AND ART



MAT number = 1228
12-MG- 25 DEC,NEDAC EVAL-MAR87 M.HATCHYA(DEC),T.ASAMI(NEDAC)

DIST-SEP89
HISTORY
87-03 NEW EVALUATION WAS MADE FOR JENDL-3.
87-03 COMPILED BY T.ASAMI.
MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY
MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS
RESOLVED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN
THE ENERGY REGION FROM 1.0E-5 EV TO 220 KEV.
PARAMETERS WERE TAKEN FROM THE RECOMMENDED DATA OF BNL/1/ AND
MODIFIED FOR SOME LEVELS SO AS TO REPRODUCE THE EXPERI-
MENTAL TOTAL CROSS SECTION OF THE ELEMENT MG.
THE DATA FOR A NEGATIVE RESONANCE WERE ADDED SO AS TO REPRODUCE
IHE/TECOMMENDED THERMAL CROSS SECTIONS FOR CAPTURE AND SCATTER-
THE DATA FOR SOME LEVELS WERE MODIFIED SO THAT THE CALCULATED
TOTAL CROSS SECTIONS OF THE ELEMENT MG WERE FITTED TO THE
EXPERIMENTAL DATA OF HIBDON/2/ AND_ SINGH/3/.
THE SCATTERING RADIUS WAS ASSUMED TO BE 4.9 FERMI.
CALCULATED 2200 M/SEC CROSS SECTIONS AND RESONANCE INTEGRALS
ARE AS FOLLOWS
2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)
ELASTIC 2.60
CAPTURE 0.190 0.0989
TOTAL 2.79
MF=3 NEUTRON CROSS SECTIONS
BELOW 220 KEV, ZERO BACKGROUND CROSS SECTION WAS GIVEN AND ALL
THE CROSS-SECTIO0N DATA ARE REFRODUCED FROM THE EVALUATED RESOLV-
ED RESONANCE PARAMETERS WITH MLBW FORMUL
ABOVE 220 KEV, THE TOTAL AND PARTIAL CR0SS SECTIONS WERE GIVEN
POINTWISE.
MT=1 TOTAL

OPTICAL AND STATISTICAL MODEL CALCULATION WAS MADE WITH
THE CASTHY CODE/2/. THE OPTICAL POTENTIAL PARAMETERS USED ARE:

V = 49.68, VSO = 7.12 MEV
WS = 7.76 - 0.5*EN, Wv =0 MEV
R =1.17, RS = 1. 09, RSO = 1.17 FM;
A =10.6, ASQO = 0.6, B =0.69 FM
MT=2 ELASTIC SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.
MT=4, 51-67, 91 INELASTIC SCATTERING
CALCULATED WITH CASTHY/2/, TAKING ACCOUNT OF THE CONTRIBUTION
FROM THE COMPETING PROCESSES. THE DIRECT COMPONENT WAS
CALCULATED WITH THE DWUCK/3/.
THE LEVEL DATA USED IN THE ABOVE TWO CALCULATIONS WERE TAKEN
FROM REF./4/ AS FOLLOWS:
MT LEVEL ENERGY(MEV) SPIN-PARITY
0.0 5/2+
51 0.5851 1/2+
52 0.9748 3/2+
53 1.6118 7/2+
54 1.9647 5/2+
55 2.5638 1/2+
56 2.7377 7/2+
57 2.8011 3/2+
58 3.4052 9/2+
59 3.4137 3/2-
60 3.9078 5/2+
61 3.9707 7/2-
62 4.0596 9/2+
63 4.2770 1/2-
64 4.3594 3/2+
65 4.7114 9/2+
66 4.7220 1/2-
67 5.0122 7/2+
LEVELS ABOVE 8.0 MEV WERE ASSUMED TO BE OVERLAPPING.
MT=16, 22, 28, 103, 107 N, 2N SN ,NA), EN 6 % (N,A)
CALCULATED WITH THE GNASH CODE/5/ USING” THE ABOVE OPTICAL

MODEL PARAMETERS
THE (N,P) CROSS SECTIONS WERE NORMALIZED TO THE EXPERIMENTAL
DATA AT 14 MEV OF BORMANN/6/.

MT=102 CAPTURE
CALCULATED WITH THE CASTHY CODE/2/ AND NORMALIZED TO 4.7 MB



AT 30 KEV.
M MU-BAR
CALCULATED WITH THE OPTICAL MODEL.
MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=2
CALCULATED WITH THE CASTHY CODE/2/.

MT=51-67
CALCULATED WITH THE CASTHY CODE/2/ AND THE DWUCK CODE/3/.

1
CALCULATED WITH THE CASTHY CODE/2/.
MT=16, 28
ISOTROPIC IN THE LABORATORY SYSTEM.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16, 22, 28, 91
CALCULATED WITH THE GNASH CODE/5/.

REFERENCES
1) MUGHABGHAB S.F. AND GARBER D.I. :"NEUTRON CROSS SECTIONS",
1, PART B _(1984).
2) HiBDON C.T. : TAKEN FROM EXFOR 81969%
3) SINGH U.N. ET AL. : PHYS. REV. 15 50 (19 4)
4) 1GARASI S. : J. NUCL. SCi. TECH. 12, 67 (1975)-
5) KUNZ P.D. : UNPUBLISHED.
6) ENSDF(EVALUATED NUCLEAR STRUCTURE DATA FILE)
7) YOUNG P.G. AND ARTHUR E.D. : LA-6947 (1977)~
83 BormANN . Ex At U086 sariS CONE . VoL 177225 (1967).

VOL.



1
EDAC EVAL-MAR87 M.HATCHYA(DEC),T.ASAMI(NEDAC)
DIST-SEP89

OR
03 NEW EVALUATION WAS MADE FOR JENDL-3.
03 COMPILED BY T.ASAMI.

ENERAL INFORMATION
DESCRIPTIVE DATA AND DICTIONARY

G

1

RESONANCE PARAMETERS

1 RESOLVED RESONANCE PARAMETERS

OLVED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN

NERGY REGION FROM 1.0E-5 EV TO 450 KEV.

ETERS WERE TAKEN FROM THE RECOMMENDED DATA OF BNL/1/ AND
ATA FOR A NEGATIVE RESONANCE WERE ADDED SO AS TO REPRODUCE
ECOMMENDED THERMAL CROSS SECTIONS FOR CAPTURE AND SCATTER-

CATTERING RADIUS WAS ASSUMED TO BE 4.3 FERMI.

LATED 2200 M/SEC CROSS SECTIONS AND RESONANCE INTEGRALS
ST1C 2200 gés CROSS SECTION(B) RES. INTEGRAL(B)

TURE 5038 0.0190

AL

N

OoOrXr~ XVP>IT=ZITITTTMHF
>CWVFRPOOZmMr
\

2.87
MF EUTRON CROSS SECTIONS
LOW 450 KEV, ZERO BACKGR
THE CROSS-SECTION DATA AR%
A

mw —0Om X>>O—=—"—THOIIN

@ 11

CROSS SECTION WAS GIVEN AND ALL
RODUCED FROM THE EVALUATED RESOLV-
LBW FORMULA.

ARTIAL CROSS SECTIONS WERE GIVEN

ED RESONANCE PARAMETERS W
ABOVE 450 KEV, THE TOTAL
POINTWISE.

MT=1 TOTAL

OPTICAL AND STATISTICA

L M N WAS MADE WITH
THE CAiTHY CODE/2/. THE O

ATIO

POTENTIAL PARAMETERS USED ARE:
.12 MEV

0 MEV

1.17 FM

.69 FM

S
B
5 SUM OF THE PARTIAL CROSS SECTIONS
C

=

—rho—ANTIIINVL<

.09, 0
ASO = 0.6,
G
N

=>
T 0

TH
TION.
SCATTERING
H CASTHY /2/, TAKING ACCOUNT OF THE CONTRIBUTION
ETING PROCESSES. THE DIRECT COMPONENT WAS
ED WITH THE DWUCK CODE/3/.
EL DATA USED IN THE ABOVE TWO CALCULATIONS WERE TAKEN
F./4/ AS FOLLOWS:
LEVEL ENERGY(MEV) SPINOPARITY
+

(@]
el
o
w
w
w
- TG
[@le)

CA

OT W — U0 ==

THE

oo vioigigioicgioioiol =0
RPOOONOUIRWNE —H= O=0O-
QOO OWNRO
OOORNOOOWWWWOU!
1 ONONOWOTWEF A~

oo
N
COPRPNOAONOO®
ISt=l=I=l=t=l=I=1=1h1=
N
+

3 -
LEVELS ABOVE MEV WERE ASSUMED TO BE OVERLAPPING.

MT=16, 22, 28, 103, 107 N,2N), SN ,NA), EN NP 6 % (N,A)
CALCULATED WITH THE GNASH CODE/6/ USING” THE ABOVE OPTICAL
MODEL PARAMETERS
THE Ag CROSS SECTIONS WERE NORMALIZED TO THE EXPERIMENTAL

MTDégé OF ORMANN/E/ AT 14 MEV.

XéngLQEED WITH THE CASTHY CODE/2/ AND NORMALIZED TO 1.7 MB

MT=251 MU-BAR
CALCULATED WITH THE OPTICAL MODEL.

M5?42 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MTaé&ngATED WITH THE CASTHY CODE/2/.
CALCULATED WITH THE CASTHY CODE/2/ AND THE DWUCK CODE/3/.



MT=91
CALCULATED WITH THE CASTHY CODE/2/.

MT=16, 22, 28
ISOTROPIC IN THE LABORATORY SYSTEM.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=16, 22, 28, 91
CALCULATED WITH THE GNASH CODE/6/.

REFERENCES

1) MUGHAEGH@B ?954)AND GARBER D.I. :"NEUTRON CROSS SECTIONS™,
IGARASI S. J. NUCL. SCI. TECH. 12, 67 (1975).
KUNZ P.D. : UNPUBLISHED.

ENSDF(EVALUATED NUCLEAR STRUCTURE DATA FILE)
BORMANN M. ET AL. : 1966 PARIS CONF. VOL.1, 225 (1967).
YOUNG P.G. AND ARTHUR E.D. : LA-6947 (1977).
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MAT number = 1325

13-AL- 27 TIT,JAERI EVAL-MAR88 Y_HARIMA,H.KITAZAWA,T.FUKAHORI
88MITO, 473 DIST-DEC89 REV2-DEC93
HISTORY
88-03 EVALUATION WAS PERFORMED FOR JENDL-3 BY HARIMA, KITAZAWA
TOKYO INSTITUTE OF TECH.) AND FUKAHORI (JAERI). DETAILS

RE GIVEN IN REF./1/.
88-03 COMPILED BY FUKAHORI.
93-12 JENDL-3.2.
COMPILED BY T.NAKAGAWA (NDC/JAERI)

*kkkx MODIFIED PARTS FOR JENDL_3-2 kkhkkhkkkhkkhkkhhkkhkhkkhkhkkhkhkkihkkikki*k

3,2)
§3 66, 91) TAKEN FROM JENDL FUSION FILE*

% 51-70)  CROSS-SECTION CURVES WERE SMOOTHED.
4, Gt 8 (4 91)”  TAKEN FROM JENDL FUSION FILE
5.16-91 TAKEN FROM JENDL FUSION FILE
12,51-70) , (12,102)

************* *********************************************

JENDL FUSION FILE 72/ AS IS SEP. 1
EVALUATED BY B.YU (CIAE) AND S.C
COMPILED BY B.YU.

CROSS SECTIONS WERE MAINLY TAKEN FROM JENDL-3.1, EXCEPT
FOR THE g % T=66_TO 70% AND N'E CONTINUUM $MT=91)
REACTIONS WHICH WERE TAKEN FROM THE CALCULATION WITH
SINCROS-11/3/. ANGULAR DISTRIBUTIONS OF THESE LEVELS
WERE TAKEN TO BE EQUAL TO THAT OF MT=66 IN JENDL-3.

EDXS FOR MT=16, 28 AND 91 WERE REPLACED BY THE
SINCROS-11 CALCULATION MF=6 WERE CREATED BY F15TOB
PROGRAM. KUMABE"S SYSTEMATICS/4/ WAS USED. THE PRE-
COMPOUND/COMPOUND RATIO WAS TAKEN FROM THE SINCROS-11
CALCULATION.

OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
IN THE SINCROS-Ii CALCULATION ARE DESCRIBED IN REF./3/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/5/.

MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS:
MT=151

RESOLVED RESONANCES : 1.0E-5 EV - 0.21 MEV
THE RESONANCE PARAMETERS WERE SEARCHED, USING MLBW FORMULA/6/.
ARAMETERS SEARCH WAS TAKEN FROM REF.

AN INITIAL GUESS OF THE P
/7/.

CALCULATED 2200-M/S CROSS SECTIONS AND RESONANCE INTEGRALS
2200-M/SEC RES. INTEG.

ELASTIC 1.414 B -
CAPTURE 0.231 B 0.123 B
TOTAL 1.645 B -
MF=3 NEUTRON CROSS SECTIONS
MT=1 TOTAL CROSS SECTION
BETWEEN 0.21 AND 20 MEV, THE CROSS SECTIONS WERE OBTAINED BY
AN EYE-GUIDE_SO AS TO FOLLOW THE EXPERIMENTAL DATA.
MT=2 ELASTIC SCATTERING CROSS SECTIONS
OBTAINED BY SUBTRACTING PARTIAL CROSS SECTIONS FROM THE
TOTAL CROSS SECTIONS.
MT=4,51-70,91 INELASTIC SCATTERING CROSS SECTIONS
FOR JENDL-3.1, CROSS SECTIONS UP TO 17-TH LEVEL WERE CALCULATED
WITH THE STATISTICAL-MODEL CODE CASTHY /8/ AND THE COUPLED-
CHANNEL MODEL CODE ECIS /9/ OR JUPITOR-1 /10/, TAKING ACCOUNT
OF COMPETITIVE PROCESSES FOR NEUTRON, PROTON, ALPHA-PARTICLE
AND GAMMA-RAY EMISSION/1/. THE FOLLOWING LEVELS/11/ WERE
TAKEN INTO ACCOUNT.
NO. ENERGY(MEV) SPIN-PARITY
G.S. 0.0 5/2 +
1. 0.8438 1/2 +
2. 1.0145 3/2 +
3. 2.2100 7/2 +
4. 2.7340 5/2 +
5. 2.9814 3/2 +
6. 3.0040 9/2 +
7. 3.6780 1/2 +
8. 3.9560 5/2 +
9. 4.0540 3/2 -



= =
a4 4

= =
4 4

MT

MF=

MT=

MF=

MT=

10. 4.4090 5/2 +

11. 4.5103 1172 +

12. 4.5800 7/2 +

13. 4.8120 5/2 +

14. 5.1550 3/2 -

15. 5.2460 5/2 +

16. 5.4199 5/2 +

17. 5.4330 9/2 +
T UM LEVELS WERE ASSUMED ABOVE 5.6 MEV. LEVEL DENSITY WAS
C TED, USING THE GILBERT-CAMERON FORMULA THE LEVEL-
E PARAMETERS WERE OBTAINED FROM A CUMULATIVE PLOT OF

INU
ULA
ITY
RVED LEVELS/1/.
JEN
IN
ESP

DL-3.2, CROSS SECTIONS FOR MT"S FROM 66 TO 70 AND CONTI-
M ELASTIC WERE REPLACED WITH JENDL FUSION FILE. THESE MT S
R OND TO THE FOLLOWING LEVELS.

16. 5.4199 5/2 +

17. 5.4328 5/2 +

18. 5.4384 5/2 +

19. 5.4998 7/2 +

20. 5.5507 3/2 +
ABOVE 5.6 MEV, CROSS SECTIONS WERE SUMMED UP AS THE CONTINUUM
INELASTIC (MT=91).
SEVERAL ENERGY POINTS WERE ADDED TO MT= 4, 51-70 IN ORDER TO
SMOOTH THEIR CROSS SECTION CURVES
=16 (N,ZN% CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL WITH THE GNASH CODE/1,12/.
=22 (N,NA% CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL WITH THE GNASH CODE/1,12/.
OPTICAL POTENTIAL FOR ALPHA-PARTICLES WAS DETERMINED, USING
THE DISPERSION THEORY /13/.
=28 (N,NP% CROSS SECTIONS
CQBSULéXEQURE THE STATISTICAL MODEL WITH THE GNASH CODE/1,12/.
CALCULATED WITH THE STATISTICAL-MODEL CODE_CASTHY/8/ AND THE
DIRECT-SEMIDIRECT-MODEL CODE HIKARI/14/. THE STATISTICAL-
MODEL CALCULATIONS WERE NORMALIZED TO 0.6 MB AT 0.6 MEV.
=103 (N,P) CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL WITH THE GNASH CODE/1,12/.
=107 EN,A CROSS SECTIONS
OBTAIN AN EYE-GUIDE TO FOLLOW OBSERVED VALUES /15/.
=111 (N, ZP% CROSS SECTIONS
CQEEULQTED Y THE STATISTICAL MODEL WITH THE GNASH CODE/1,12/.

CALCULATED WITH STATISTICAL-MODEL CODE CASTHY /1,8/.

42 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
CALCULATED WITH THE STATISTICAL-MODEL CODE CASTHY /1,8/.

=16,22,28

TégEgGFROM JENDL FUSION FILE.

INCOHERENT SUM OF THE STATISTICAL MODEL AND COUPLED-CHANNEL
MODEL CALCULATIONS/1/. CALCULATED WITH CASTHY AND ECIS OR
JUPITOR-1.

=67-70

AS?UMED TO BE THE SAME AS MT=66.

TAKEN FROM JENDL FUSION FILE.

516 2ENE§GS DISTRIBUTIONS OF SECONDARY NEUTRONS

TAKEN FROM JENDL FUSION FILE.

1%1 7SAMMA—RAY MULTIPLICITIES (BELOW 5.80993 MEV)

MTM%%;IPLICITIES WERE CALCULATED FROM TRANSITION PROBABILITIES.

MT

MF=

EébgU&é;ED FROM ENERGY BALANCE.
CALCULATED BY USING THE GNASH CODE/1,12/.

13 GAMMA-RAY PRODUCTION CROSS SECTIONS (ABOVE 5.80993 MEV)

MT=3

CALCULATED BY THE STATISTICAL MODEL AND COUPLED-CHANNEL MODEL,
USING THE GNASH CODE /12/ AND THE ECIS /9/ OR JUPITOR-1 CODE
/10/. BRANCHING RATIOS FOR TRANSITIONS BETWEEN DISCRETE LEVELS
WERE TAKEN FROM REF./3/. GAMMA-RAY TRANSITION STRENGTH IN THE



CONTINUUM WAS CALCULATED BY THE BRINK-AXEL GIANT RESONANCE
MODEL FOR E1 TRANSITION AND BY THE WEISSKOPF SINGLE-PARTICLE
MODEL FOR E2 AND M1 TRANSITION/1/.

MF=14 GAMMA-RAY ANGULAR DISTRIBUTIONS
7=3,51-70,102,103,107
ISOTROPIC DISTRIBUTION WAS ASSUMED.

MF=15 GAMMA-RAY SPECTRA
MT=3,102,103,107
CALCULATED WITH THE GNASH CODE/1,12/

X

EF

1) KITAZAWA H. ET AL.: PROC. INT. CONF. NUCLEAR DATA FOR
SCIENCE AND TECHNOLOGY, MITO, 1988, P. 473 (1988).

2) CHIBA S. ET AL JAERIZM 92-027, P.35 (1992).

3) YAMAMURO N JAERI-M 90-006 (1990)

4) KUMABE 1. ET AL.: NUCL. SCI. ENG., 104, 280 (1990).

5) ENSDF: EVALUATED NUCLEAR STRACTURE DATA FILE.

6) NAKAGAWA T.: JAERI-M 84-192 $ %

7) MUGHABGHAB S.F. ET AL.: "NEU RON ROSS SECTIONS, VOL. 1
PART A", ACADEMIC PRESS $198

8) IGARASI S. AND FUKAHORI JAERI 1321 (1991).

9) RAYNAL J.: COMPUTER PROGRAM ECIS79 FOR COUPLED-CHANNEL
CALCULATIONS, 1979 (UNPUBLISHED).

10) TAMURA T.: REV. MOD. PHYS., 37, 679 (1965).

11) ENDT P.M. AND VAN DER LEUN C.: NUCL. PHYS., A310, 1 (1978).

12) YOUNG P.G. AND ARTHUR E.D.: LA-6947 (1977).

13) KITAZAWA H. ET AL.: UNPUBLISHED.

14) KITAZAWA H.: COMPUTER PROGRAM HIKARI FOR DIRECT-SEMIDIRECT
CAPTURE CALCULATIONS, 1980 &UNPUBLISHED&

15) VONACH H.: NUCLEAR DATA STANDARDS FOR NUCLEAR MEASUREMENTS,
IAEA TECHNICAL REPORTS SERIES NO. 227 (1983).
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HISTORY

88-03

MF=1

MT=451

MF=2

EVALUATION WAS PERFORMED FOR JENDL-3 BY KITAZAWA,
MA (TOKYO INSTITU OF TECH.) AND FUKAHORI (JAERI).
ILS ARE GIVEN IN F./71/.

tLEDZBY FUKAHORI .

ILED BY T.NAKAGAWA (NDC/JAERI)

MODIFIED PARTS FOR JENDL-3.2
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GENERAL INFORMATION

DESCRIPTIVE DATA AND DICTIONARY
RESONANCE PARAMETERS:

MT=151

RESOLVED RESONANCES :
XHE RESONANCE PARAMETER
/6/

CALCULATED 2200 M/

MF=3

MT=1
BETWEEN
AN EYE- GUIDE SO AS TO FOLLOW MAINLY THE EXPE

Cl
CA

1 MEV
USING MLBW FORMULA/5/.
RCH WAS TAKEN FROM REF.

1.
S

OE
WE
INITIAL GUESS OF THE PAR

=maol

R
A

S SECTIONS AND RESONANCE

S. INTEG.
0.104 B

INTEGRALS
ELASTIC
CAPTURE
TOTAL B

NEUTRON CROSS SECTIONS

TOTAL CROSS SECTION
.81 AND 12.5 MEV, THE CROSS_SECTION

2
0.
2.

S CROS
-M/SEC
172 B
171 B
343

E OBTAINED BY
TAL DATA OF
CTIONS WERE
./1,8/

S W
RIM
ERJACKS ET AL./7/ ABOVE 12.5 MEV, THE CROSS
LCULATED WITH THE STATISTICAL-MODEL CODE CAST

ELASTIC SCATTERING CROSS SECTIONS
BY SUBTRACTING PARTIAL CROSS SECTIONS FROM THE
S SECTIONS.
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S
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LEVEL SCHEME WAS TAKEN FROM REF./11/.

S1-28
RGY(MEV)

ENE
0.
1.
4.
4
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0

778
617
979

— 00O

SI1-29
| ENERGY(MEV) J-PI
.0 1/2+
2 3/2+
4 3/2+
6 7/2-
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AND TRANSFORMED INTO THE LAB.

A-RAY MULTIPLICITIES (BELOW 9.22087 MEV)

3,107
D BY USING THE GNASH CODE./1,12/

ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
M
1
T

16,22,28,91
TAKEN FROM JENDL FUSION FILE,

SYSTEM.
A

G
0,
LA

5

MT

MF



MT=102
FROM ENERGY BALANCE.

MF= 13 GAMMA-RAY PRODUCTION CROSS SECTIONS

SABOVE 9.22087 MEV%
CALCULATED BY THE STATISTICAL MODEL AND C

OUPLED-CHANNEL MODEL,
USING THE GNASH CODE /12/ AND THE ECIS /9/ OR JUPITOR-1 CODE
/10/. BRANCHING RATIOS FOR TRANSITIONS BETWEEN DISCRETE LEVELS
WERE TAKEN FROM REF./11/. GAMMA-RAY TRANSITION STRENGTH IN THE
CONTINUUM WAS CALCULATED BY THE BRINK-AXEL GIANT RESONANCE
MODEL FOR E1 TRANSITION AND BY THE WEISSKOPF SINGLE-PARTICLE

MODEL FOR E2 AND M1 TRANSITION./1/

MF=14 GAMMA-RAY ANGULAR DISTRIBUTIONS

7=3,51-90,102,103,107
ISOTROPIC DISTRIBUTION WAS ASSUMED.

MF=15 GAMMA- RAY SPECTRA
MT=3,102,103,

N AAAAL  NAAL  NAAAAL /T

PR E e

107
CALCULATED WITH THE GNASH CODE./1,12/
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YOUNG P.G. AND ARTHUR E.D.: LA-6947 (197 )

KITAZAWA H. ET AL.: UNPUBLISHED.

KITAZAWA H.: COMPUTER PROGRAM HIKARI FOR DIRECT-SEMIDIRECT
CAPTURE CALCULATIONS, 1980 (UNPUBLISHED).



MAT number = 1425

14-S1- 28 TIT,JAERI EVAL-MAR88 H.KITAZAWA,Y.HARIMA,T.FUKAHORI

DIST-SEP89 REV2-JAN94

HISTORY
88-03 NEW EVALUATION WAS PERFORMED FOR JENDL-3 BY KITAZAWA,
HARIMA (TOKYO INSTITUTE OF TECH.) AND FUKAHORI (JAERI).
DETAILS ARE GIVEN IN REF./1/.
88-03 COMPILED BY FUKAHORI.
94-01 JENDL-3.2.
COMPILED BY T.NAKAGAWA (NDC/JAERI)
*kkkx MODIFIED PARTS FOR JENDL_3-2 kkhkkhkkkhkkhkkhhkkhkhkkhkhkkhkhkkihkkikki*k
(3,2) EFFECTS OF MODIFICATION OF INELASTIC
SCATTERING CROSS SECTIONS.
§3 51-66) CROSS-SECTION CURVES WERE SMOOTHED.
) (4,91) TAKEN FROM JENDL FUSION FILE
1 -91 TAKEN FROM JENDL FUSION FILE

MF=
MT=451  DESCRIPTIVE DATA AND DICTIONARY

Fu

EE R R R R R R R S R R S R S S R R R R R R S R S R S S S R R S o

JENDL FUSION FILE /2/ (AS OF JAN. 1994&
EVALUATED AND COMPILED BY S.CHIBA (NDC/JAERI)

0SS SECTIONS, ANGULAR DISTRIBUTIONS AND ENERGY DISTRI-
ERE TAKEN FROM JENDL-3.1. MF=6 OF MT=16, 22, 28,
RE CREATED BY F15TOB PROGRAM/2/ BY USING KUMABE®S
CS/3/. THE PRECOMPOUND/COMPOUND RATIO WAS TAKEN
SINCROS-11 CALCULATION/4/.

AL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
INCROS-11 CALCULATION ARE DESCRIBED IN REF./4/.

1 GENERAL INFORMATION

MF=2 RESONANCE PARAMETERS:
MT=151

RESOLVED RESONANCES : 1.0E-5 EV - 1.81 MEV
THE RESONANCE PARAMETERS WERE SEARCHED, USING MLBW FORMULA.
AN INITIAL GUESS OF THE PARAMETERS WAS TAKEN FROM REF./5/.

CALCULATED 2200 M/S CROSS SECTION?Négg RESONANCE INTEGRALS

-M/SEC RES
ELASTIC 2.149 B
CAPTURE 0.177 B 0.085 B
TOTAL 2.325 B -

MF=3 NEUTRON CROSS SECTIONS

=1 TOTAL CROSS SECTION

BETWEEN 1.81 AND 12.5 MEV, THE CROSS SEC
AN EYE-GUIDE SO AS TO FOLLOW THE EXPERIM
MEV, THE CROSS SECTIONS WERE CALCULATED
MODEL CODE CASTHY./1,6/

TIONS WERE OBTAINED BY
ENTAL DATA. BOVE 2 5
WITH THE STATISTICA

MT=2 ELASTIC SCATTERING CROSS SECTIONS
OBTAINED BY SUBTRACTING PARTIAL CROSS SECTIONS FROM THE TOTAL
CROSS SECTIONS.

MT=4,51-66,91 INELASTIC SCATTERING CROSS SECTIONS
CALCULATED WITH THE STATISTICAL-MODEL CODE CASTHY /6/ AND THE
COUPLED-CHANNEL MODEL CODE ECIS /7/ OR JUPITOR-1 /8/, TAKING
ACCOUNT OF COMPETITIVE PROCESSES FOR NEUTRON, PROTON, ALPHA-
PARTICLE AND GAMMA-RAY EMISSION./1/ BELOW 11 MEV, THE IMAGINARY
POTENTIAL STRENGTH OF THE NEUTRON SPHERICAL OPTICAL POTENTIAL
%ﬁEV¥ODIFIED FROM THAT IN REF./1/ TO BE W = 1.09 + 0.55*E

LEVEL SCHEME WAS TAKEN FROM REF./9/.
20. ENERGY(MEV) SPIN-PARITY
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11. 7.9334 2+
12. 8.2590 2 +
13. 8.3280 1+
14. 8.4133 4 -
15. 8.5430 6 +
16. 8.5890 3+
CONTINUUM LEVELS WERE ASSUMED ABOVE 8.9 MEV. LEVEL DENSITY WAS
CALCULATED, USING THE GILBERT-CAMERON FORMULA. THE LEVEL
DENSITY PARAMETERS WERE OBTAINED FROM A CUMULATIVE PLOT OF
OBSERVED LEVELS/1/.
FOR JENDL-3.2, CROSS SECTIONS AT THRESHOLD ENERGIES OF THE
LEVELS WERE INSERTED BY INTERPOLATING THE CALCULATED CROSS
SECTIONS.
MT=16 (N,ZNg CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH
CODE/1,10/. BELOW 11 MEV, THE IMAGINARY POTENTIAL STRENGTH OF
THE NEUTRON SPHERICAL OPTiCAL POTENTIAL WAS MODIFIED FROM THAT
IN REF./1/ TO BE W = 1.09 + 0.55%E (MEV).
MT=22  (N,NA) CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH
CODE/1,10/. OPTICAL POTENTIAL FOR ALPHA-PARTICLES WAS
DETERMINED, USING THE DISPERSION THEORY./11/
MT=28  (N,NP) CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE.
MT=102 CAPTURE
CALCULATED WITH THE STATISTICAL-MODEL CODE CASTHY /6/ AND THE
DIRECT-SEMIDIRECT-MODEL CODE HIKARI /12/. THE STATISTICAL-
MODEL CALCULATIONS WERE NORMALIZED TO 0.6 MB AT 2.0 MEV.
MT=103 (N,P) CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE. THE
IMAGINARY POTENTIAL STRENGTH OF THE PROTON SPHERICAL OPTICAL
MODEL WAS MODIFIED FROM THAT IN REF./1/ TO BE W = 11.0 MEV
BETWEEN 11 AND 20 MEV AND W = 8.8 + 0.2*E (MEV) BELOW 11 MEV.
}TE/STRENGTH WAS DETERMINED SO AS TO REPRODUCE OBSERVED VALUES
MT=107 (N,A) CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE.
OPTICAL POTENTIAL FOR ALPHA-PARTICLES WAS DETERMINED, USING
THE DISPERSION THEORY/11

N

T

P

/.
MT=111 (N,ZP% CROSS SECTIONS

CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE.

MT=251 MU-BAR
CALCULATED WITH STATISTICAL-MODEL CODE CASTHY /1,6/.

M5=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MTEé&Cg%ATED WITH THE STATISTICAL-MODEL CODE CASTHY /1,6/.
INCOHERENT SUM OF THE STATISTICAL MODEL AND COUPLED-CHANNEL
MODEL CALCULATIONS./1/ CALCULATED WITH CASTHY AND ECIS OR

JUPITOR-1.
MT=16,22,28,91

TAKEN FROM JENDL FUSION FILE.
MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,91

TAKEN FROM JENDL FUSION FILE.

MF=12 GAMMA-RAY MULTIPLICITIES (BELOW 9.22088 MEV)
MT=51-66,102,103,107
CALCULATED BY USING THE GNASH CODE/1,10/. MULTIPLICITIES OF
MT=102 WERE DETERMINED FROM ENERGY BALANCE.

M5$13 GAMMA-RAY PRODUCTION CROSS SECTIONS (ABOVE 9.22088 MEV)
CALCULATED BY THE STATISTICAL MODEL AND COUPLED-CHANNEL MODEL,

USING THE GNASH CODE /10/ AND THE ECIS /7/ OR JUPITOR-1 CODE
/8/. BRANCHING RATIOS FOR TRANSITIONS BETWEEN DISCRETE LEVELS

WERE TAKEN FROM REF./9/. GAMMA-RAY TRANSITION STRENGTH IN

THE CONTINUUM WAS CALCULATED BY THE BRINK-AXEL GIANT RESONANCE
MODEL FOR E1 TRANSITION AND BY THE WEISSKOPF SINGLE-PARTICLE
MODEL FOR E2 AND M1 TRANSITION./1/



MF=14 GAMMA-RAY ANGULAR DISTRIBUTIONS
MT=3,51-66,102,103,107
ISOTROPIC DISTRIBUTION WAS ASSUMED.

MF=15 GAMMA-RAY SPECTRA
MT=3,102,103,107
CALCULATED WITH THE GNASH CODE./1,10/

REFERENCES

1) KITAZAWA H. ET AL.: PROC. INT. CONF. NUCLEAR DATA FOR SCIENCE
AND TECHNOLOGY, MITO, 1988, P.473, §1988g.

2) CHIBA S. ET AL.: JAERI-M 92-027, P.35 (1992).

3) KUMABE 1. ET AL.: NUCL. SCI. ENG., 104, 280 (1990).

4) YAMAMURO N.: JAERI-M 90-006 1990%.

5) MUGHABGHAB S.F. ET AL.: "NEUTRON CROSS SECTIONS, VOL. 1 PART
A™, ACADEMIC PRESS $1981%.

6) IGARASI S. AND FUKAHORI T.: JAERI 1321 (1991).

7) RAYNAL J.: COMPUTER PROGRAM ECIS79 FOR COUPLED-CHANNEL
CALCULATIONS, 1979 (UNPUBLISHED).

8) TAMURA T.: REV. MOD. PHYS., 37, 679 (1965).

9) ENDT P.M. AND VAN DER LEUN C.: NUCL. PHYS., A310, 1 (1978).

10) YOUNG P.G. AND ARTHUR E.D.: LA-6947 (1977).

11) KITAZAWA H. ET AL.: UNPUBLISHED.

12) KITAZAWA H.: COMPUTER PROGRAM HIKARI FOR DIRECT-SEMIDIRECT
CAPTURE CALCULATIONS, 1980 (UNPUBLISHED).

13) IKEDA Y.: JAERI 1312 (1988).



MAT number = 1428

14-S1- 29 TIT,JAERI EVAL-MAR88 H.KITAZAWA,Y.HARIMA,T.FUKAHORI
DIST-SEP89 REV2-JAN94

HISTORY

88-03 NEW EVALUATION WAS PERFORMED FOR JENDL-3 BY KITAZAWA,
HARIMA (TOKYO INSTITUTE OF TECH.) AND FUKAHORI (JAERI).
DETAILS ARE GIVEN IN REF./1/.

88-03 COMPILED BY FUKAHORI.

94-01 JENDL-3.2.
COMPILED BY T.NAKAGAWA (NDC/JAERI)

MF=
MT=451  DESCRIPTIVE DATA AND DICTIONARY

*kkkx MODIFIED PARTS FOR JENDL_3-2 kkhkkhkkkhkkhkkhhkkhkhkkhkhkkhkhkkihkkikki*k

(3,2) EFFECTS OF MODIFICATION OF INELASTIC
SCATTERING CROSS SECTIONS.
§3 51-79) CROSS-SECTION CURVES WERE SMOOTHED.
i2 (4,91) TAKEN FROM JENDL FUSION FILE
1 -91 TAKEN FROM JENDL FUSION FILE

5,
ig 102) BELOW 2 MEV.
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JENDL FUSION FILE /2/ (AS OF JAN. 1994&
EVALUATED AND COMPILED BY S.CHIBA (NDC/JAERI)

0SS SECTIONS, ANGULAR DISTRIBUTIONS AND ENERGY DISTRI-
ERE TAKEN FROM JENDL-3.1. MF=6 OF MT=16, 22, 28,
RE CREATED BY F15TOB PROGRAM/2/ BY USING KUMABE®S
CS/3/. THE PRECOMPOUND/COMPOUND RATIO WAS TAKEN
SINCROS-11 CALCULATION/4/.

AL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
INCROS-1i CALCULATION ARE DESCRIBED IN REF./4/.

1 GENERAL INFORMATION

MF=2 RESONANCE PARAMETERS:
MT=151

RESOLVED RESONANCES : 1.0E-5 EV - 0.1 MEV
THE RESONANCE PARAMETERS WERE SEARCHED, USING MLBW FORMULA.
AN INITIAL GUESS OF THE PARAMETERS WAS TAKEN FROM REF./5/.

CALCULATED 2200 M/S CROSS SECTION?Négg RESONANCE INTEGRALS

-M/SEC RES
ELASTIC 84 B
CAPTURE O 101 B 0.067 B
TOTAL 2.944 B -

MF=3 NEUTRON CROSS SECTIONS

=1 TOTAL CROSS SECTION
ABOVE 0.1 MEV, THE CROSS SECTIONS WERE CALCULATED WITH THE
STATISTICAL-MODEL CODE CASTHY./1,6/

MT=2 ELASTIC SCATTERING CROSS SECTIONS
OBTAINED BY SUBTRACTING PARTIAL CROSS SECTIONS FROM THE TOTAL
CROSS SECTIONS
MT=4,51-79,91 INELASTIC SCATTERING CROSS SECTIONS

CALCULATED WITH THE STATISTICAL-MODEL CODE CASTHY /6/ AND THE
COUPLED-CHANNEL MODEL CODE ECIS /7/, TAKING ACCOUNT OF
COMPETITIVE PROCESSES FOR NEUTRON, PROTON, ALPHA-PARTICLE AND
GAMMA-RAY EMISSION./1/ BELOW 11 MEV, THE IMAGINARY POTENTIAL
STRENGTH OF THE NEUTRON SPHERICAL OPTICAL POTENTIAL WAS
MODIFIED FROM THAT IN REF./1/ TO BE W = 1.09 + 0.55*E (MEV).
LEVEL SCHEME WAS TAKEN FROM REF./8/.

NO. ENERGY(MEV) SPIN-PARITY

G.S. 0.0 1/2 +

1. 1.2730 3/2 +

2. 2.0280 5/2 +

3. 2.4250 3/2 +

4. 3.0670 5/2 +

5. 3.6240 7/2 -

6. 4.0800 7/2 +

7. 4.7410 9/2 +

8. 4.8400 1/2 +

9. 4.8950 5/2 +

10. 4.9340 3/2 -

11. 5.2550 9/2 -

12. 5.2860 7/2 +

13. 5.6520 9/2 +



14. 5.8130 7/2 +
15. 5.9490 3/2 +
16. 6.1070 5/2 +
17. 6.1920 772 -
18. 6.3780 1/2 -
19. 6.4230 772 +
20 6.4960 172 +
21. 6.5220 3/2 +
22. 6.6150 9/2 +
23. 6.6970 3/2 -
24. 6.7100 5/2 +
25. 6.7150 3/2 +
26. 6.7820  11/2 -
27. 6.9070 1/2 -
28. 6.9210 772 +
29. 7.0140 5/2 -
CONTINUUM LEVELS WERE ASSUNED ABOVE 7.087 WEV. LEVEL DENSITY
WAS CALCULATED, USING THE GILBERT-CAMERON FORMULA. THE LEVEL
DENSITV PARANBTERS WERE OBTAINED FROM A CUNOLATIVE PLOT GF
OBSERVED LEVELS./1/.
FOR JENDL-3.2, CROSS SECTIONS AT THRESHOLD ENERGIES OF THE
LEVELS WERE INSERTED BY INTERPOLATING THE CALCULATED CROSS
SECTIONS.
NT=16 (N,2N) CROSS SECTIONS
crocuLkren By RS s PAT IS aaL MODEL, USING THE GNASH CODE./1,
9/ BELOW 11 MEV, THE IMAGINARY POTENTIAL STRENGTH OF THE
NEUTRON SPHERICAL OPTICAL POTENTIAL WAS MODIFIED FROM THAT IN
REF./1/ TO BE W = 1.09 + 0.55*E (MEV).
WT=22 (N,NA) CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE.
OPTICAL POTENTIAL FOR ALPHA-PARTICLES WAS DETERMINED, USING
THE DISPERSION THEORY./10/
MT=28  (N,NP) CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE.
MT=102 CAPTURE
CALCULATED WITH THE STATISTICAL-MODEL CODE CASTHY /6/ AND THE
DIRECT-SEMIDIRECT-MODEL CODE HIKARI /117. THE STATISTICAL-
MODEL CALCULATIONS WERE NORMALIZED TO 0.6 MB AT 0.1 MEV.
MT=103 (N,P) CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE.
THE IMAGINARY POTENTIAL STRENGTH OF THE PROTON SPHERICAL
OPTICAL MODEL WAS MODIFIED FROM THAT IN REF./1/ TO BE W = 11
NEV BETWEEN 11 AND 20 MEV AND Il ='8.8 + 0.2%E (VEV) BELOW 11
MEV. THE STRENGTH WAS DETERMINED SO AS TO REPRODUCE OBSERVED
VALUES /127.
MT=107 (N,A) CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE.
OPTICAL POTENTIAL FOR ALPHA-PARTICLES WAS DETERMINED, USING
THE DISPERSION THEORY./10/
WT=111 (N.2P) CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE.
MT=251 MU-BAR
CALCULATED WITH STATISTICAL-MODEL CODE CASTHY /1,6/.

M5=42 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MTEé&CgSATED WITH THE STATISTICAL-MODEL CODE CASTHY /1,6/.
INCOHERENT SUM OF THE STATISTICAL MODEL AND COUPLED-CHANNEL

MODEL CALCULATIONS./1/ CALCULATED WITH CASTHY AND ECIS.
MT=16,22,28,91

TAKEN FROM JENDL FUSION FILE.
MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,91

TAKEN FROM JENDL FUSION FILE.

MF=12 GAMMA-RAY MULTIPLICITIES (BELOW 7.30265 MEV)
MT=51-79,102,103,107
CALCULATED BY USING THE GNASH CODE/1,9/. MULTIPLICITIES OF
MT=102 WERE DETERMINED FROM ENERGY BALANCE.



GAMMA-RAY PRODUCTION CROSS SECTIONS (ABOVE 7.30265 MEV)

LATED BY THE STATISTICAL MODEL AND_ COUPLED-CHANNEL MODEL,
THE GNASH CODE /9/ AND THE ECIS /7/ CODE. BRANCHING
FOR TRANSITIONS BETWEEN DISCRETE LEVELS WERE TAKEN FROM
GAMMA-RAY TRANSITION STRENGTH IN THE CONTINUUM WAS
ED BY THE BRINK-AXEL GIANT RESONANCE MODEL FOR E1
ON AND BY THE WEISSKOPF SINGLE-PARTICLE MODEL FOR E2
RANSITION./1/
M

A-RAY ANGULAR DISTRIBUTIONS
102,103,107
DISTRIBUTION WAS ASSUMED.

A-RAY SPECTRA
3,107
D WITH THE GNASH CODE./1,9/

1
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MAT number = 1431

14-S1- 30 TIT,JAERI EVAL-MAR88 H.KITAZAWA,Y.HARIMA,T.FUKAHORI
DIST-SEP89 REV2-JAN94

HISTORY

88-03 NEW EVALUATION WAS PERFORMED FOR JENDL-3 BY KITAZAWA,
HARIMA (TOKYO INSTITUTE OF TECH.) AND FUKAHORI (JAERI).
DETAILS ARE GIVEN IN REF./1/.

88-03 COMPILED BY FUKAHORI.

94-01 JENDL-3.2.
COMPILED BY T.NAKAGAWA (NDC/JAERI)

MF=
MT=451  DESCRIPTIVE DATA AND DICTIONARY

*kkkx MODIFIED PARTS FOR JENDL_3-2 kkhkkhkkkhkkhkkhhkkhkhkkhkhkkhkhkkihkkikki*k

(3,2) EFFECTS OF MODIFICATION OF INELASTIC
SCATTERING CROSS SECTIONS.
§3 51-69) CROSS-SECTION CURVES WERE SMOOTHED.
i2 (4,91) TAKEN FROM JENDL FUSION FILE
1 -91 TAKEN FROM JENDL FUSION FILE

5,
12,102 BELOW 2 MEV.
* %
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JENDL FUSION FILE /2/ (AS OF JAN. 1994&
EVALUATED AND COMPILED BY S.CHIBA (NDC/JAERI)

0SS SECTIONS, ANGULAR DISTRIBUTIONS AND ENERGY DISTRI-
ERE TAKEN FROM JENDL-3.1. MF=6 OF MT=16, 22, 28,

RE CREATED BY F15TOB PROGRAM/2/ BY USING KUMABE®S
CS/3/. THE PRECOMPOUND/COMPOUND RATIO WAS TAKEN

SINCROS-11 CALCULATION/4/.

AL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED

INCROS-1i CALCULATION ARE DESCRIBED IN REF./4/.

1 GENERAL INFORMATION

MF=2 RESONANCE PARAMETERS:
MT=151

RESOLVED RESONANCES : 1.0E-5 EV - 0.5 MEV
THE RESONANCE PARAMETERS WERE SEARCHED, USING MLBW FORMULA.
AN INITIAL GUESS OF THE PARAMETERS WAS TAKEN FROM REF./5/.

CALCULATED 2200 M/S CROSS SECTION?Négg RESONANCE INTEGRALS

-M/SEC RES
ELASTIC 2.49 B
CAPTURE 0.108 B 0.709 B
TOTAL 2.598 B -

MF=3 NEUTRON CROSS SECTIONS

=1 TOTAL CROSS SECTION
ABOVE 0.5 MEV, THE CROSS SECTIONS WERE CALCULATED WITH THE
STATISTICAL-MODEL CODE CASTHY./1,6/

MT=2 ELASTIC SCATTERING CROSS SECTIONS

OBTAINED BY SUBTRACTING PARTIAL CROSS SECTIONS FROM THE TOTAL
CROSS SECTIONS.
4,51-69,91 INELASTIC SCATTERING CROSS SECTIONS
CALCULATED WITH THE STATISTICAL-MODEL CODE CASTHY /6/ AND THE
COUPLED-CHANNEL MODEL CODE ECIS /7/, TAKING ACCOUNT OF
COMPETITIVE PROCESSES FOR NEUTRON, PROTON, ALPHA-PARTICLE AND
GAMMA-RAY EMISSION./1/ BELOW 11 MEV, THE IMAGINARY POTENTIAL
STRENGTH OF THE NEUTRON SPHERICAL OPTICAL POTENTIAL WAS
MODIFIED FROM THAT IN REF./1/ TO BE W = 1.09 + 0.55*E (MEV).
LEVEL SCHEME WAS TAKEN FROM REF./8/.

NO. ENERGY(MEV) SPIN-PARITY

G.S. 0.0 0 +

1. 2.2355 2 +

2. 3.4982 2 +

3. 3.7696 1+

4. 3.7877 0 +

5. 4.8090 2 +

6. 4.8305 3+

7. 5.2300 3 +

8. 5.2790 4 +

9. 5.3720 0 +

10. 5.4876 3 -

11. 5.6130 2 +

12. 5.9500 4 +

13. 6.5030 4 -



14. 6.5370 2+
15. 6.6340 2 -
16. 6.6400 0 +
17 6.7447 1 -
18. 6.8650 2 -
19. 6.9140 2 +
CONTINUUM LEVELS WERE ASSUMED ABOVE 6.999 MEV. LEVEL DENSITY
WAS CALCULATED, USING THE GILBERT-CAMERON FORMULA. THE LEVEL
DENSITY PARAMETERS WERE OBTAINED FROM A CUMULATIVE PLOT OF
OBSERVED LEVELS./1/.
FOR JENDL-3.2, CROSS SECTIONS AT THRESHOLD ENERGIES OF THE
LEVELS WERE INSERTED BY INTERPOLATING THE CALCULATED CROSS
SECTIONS.
MT=16 (N 2Ng CROSS SECTIONS
CALCULA Y THE STATISTICAL MODEL, USING THE GNASH CODE./1,
§7 SECoN 21 MEV, THE IMAGINARY POTENTIAL STRENGTH OF THE
NEUTRON SPHERICAL OPTICAL POTENTIAL WAS MODIFIED FROM THAT IN
REF./1/ TO BE W = 1.09 + 0.55%E (MEV).
MT=22 (N,NA% CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE.
OPTICAL POTENTIAL FOR ALPHA-PARTICLES WAS DETERMINED, USING
THE DISPERSION THEORY./10/
MT=28 N,NP% CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE.
MT=102 CAPTURE
CALCULATED WITH THE STATISTICAL-MODEL CODE CASTHY /6/ AND THE
DIRECT-SEMIDIRECT-MODEL CODE HIKARI /117. THE STATISTICAL-
MODEL CALCULATIONS WERE NORMALIZED TO 0.6 MB AT 0.5 MEV.
MT=103 (N,P) CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE. THE
IMAGINARY POTENTIAL STRENGTH OF THE PROTON SPHERICAL OPTICAL
MODEL WAS MODIFIED FROM THAT IN REF./1/ TO BE W = 11.0 MEV
BETWEEN 11 AND 20 MEV AND W = 8.8 + 0.2*E (MEV) BELOW 11 MEV.
MT=107 (N,A) CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE.
OPTICAL POTENTIAL FOR ALPHA-PARTICLES WAS DETERMINED, USING
THE DISPERSION THEORY./10/
MT=111 (N,ng CROSS SECTIONS
CALCULATED BY THE STATISTICAL MODEL, USING THE GNASH CODE
MT=251 MU-BAR
CALCULATED WITH STATISTICAL-MODEL CODE CASTHY /1,6/.

M5=42 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MTEé&CgSATED WITH THE STATISTICAL-MODEL CODE CASTHY /1,6/.
INCOHERENT SUM OF THE STATISTICAL MODEL AND COUPLED-CHANNEL
MODEL CALCULATIONS./1/ CALCULATED WITH CASTHY AND ECIS.

MT=16,22,28,91
TAKEN FROM JENDL FUSION FILE.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,91
TAKEN FROM JENDL FUSION FILE.

MF=12 GAMMA-RAY MULTIPLICITIES (BELOW 7.23453 MEV)
MT=51-69,102,107
CALCULATED BY USING THE GNASH CODE/1,9/. MULTIPLICITIES OF
MT=102 WERE DETERMINED FROM ENERGY BALANCE.

M5$1§ GAMMA-RAY PRODUCTION CROSS SECTIONS (ABOVE 7.23453 MEV)
CALCULATED BY THE STATISTICAL MODEL AND COUPLED-CHANNEL MODEL,

USING THE GNASH CODE /9/ AND THE ECIS /7/ CODE. BRANCHING
RATIOS FOR TRANSITIONS BETWEEN DISCRETE LEVELS WERE TAKEN FROM

REF./8/. GAMMA-RAY TRANSITION STRENGTH IN THE CONTINUUM WAS
CALCULATED BY THE BRINK-AXEL GIANT RESONANCE MODEL FOR E1
TRANSITION AND BY THE WEISSKOPF SINGLE-PARTICLE MODEL FOR E2

AND M1 TRANSITION./1/

MF=14 GAMMA-RAY ANGULAR DISTRIBUTIONS
MT=3,51-69,102,107



ISOTROPIC DISTRIBUTION WAS ASSUMED.
MF=15 GAMMA-RAY SPECTRA

MT=3,102,107
CALCULATED WITH THE GNASH CODE./1,9/
REFERENCES
1) KITAZAWA H. ET AL.: PROC. INT. CONF. NUCLEAR DATA FOR SCIENCE
AND TECHNOLOGY, MITO, 1988, P.473, g
2) CHIBA S. ET AL.: JAERI-M 92-027, 5 1
3) KUMABE 1. ET AL.: NUCL. SCI. ENG 104 280 (1990)
4) YAMAMURO N.: JAERI-M 90-006 $ %
5) MUGHABGHAB S.F. ET AL.: "NEUTRON CROSS SECTIONS, VOL. 1 PART
A", ACADEMIC PRESS $1981%.
6) IGARASI S. AND FUKAHORI T.: JAERI 1321 (1991).
7) RAYNAL J.: COMPUTER PROGRAM ECIS79 FOR COUPLED-CHANNEL
CALCULATIONS, 1979 EUNPUBLISHED%
8) ENDT P.M. AND VAN DER LEUN C UCL. PHYS., A310, 1 (1978).
9) YOUNG P.G. AND ARTHUR E.D.: LA-6947 (197 )
10) KITAZAWA H. ET AL.: UNPUBLISHED.
11) KITAZAWA H.: COMPUTER PROGRAM HIKARI FOR DIRECT-SEMIDIRECT
CAPTURE CALCULATIONS, 1980 (UNPUBLISH



MAT number = 1525
15-P - 31 FUJI E.C. EVAL-MAY87 H.NAKAMURA
DIST-SEP89 REV2-DEC93
HISTORY

87-05 NEWLY EVALUATED BY H.NAKAMURA (FUJI ELECTRIC CO.LTD)
93-12 JENDL-3.2
TOTAL CROSS SECTION WAS RECALCULATED BY T.WATANABE. $KHI)
GAMMA-RAY PRODUCTION CROSS SECTIONS WERE EVALUATED B

T. ASAMI SDE%.
*kkkx MODIFIED AR S FOR JENDL 3 2 EEE S R R S R S R e o o R S
3,1 A NEW OMP SET WAS DETERMINED.
3,2 TOTAL - NONELASTIC
3,107 Q-VALUE CORRECTED
F=12,13,14,15 NEWLY EVALUATED

AAA KA AR AR AR AR AR AR AR A KRR AAKRAAA AR AR AKX AR AR A A AR A A A A A A I A A A A A dhhhdhh ko Lk k

MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

=2 [=151  RESONANCE PARAMETERS:
RESOLVED RESONANCES FOR MLBW FORMULA : 1.0E-5 EV - 500 KEV
PRARANETERS CARE TAKEN FROM BNL 335047H EDITION/1/, AND
R R MACKLIN BT AL 7o/
CROSS SECTIONS CALCULATED WITH THESE PARAMETERS ARE TO
BE CORRECTED BY ADDING MF=3, MT=1,2AND 102 DATA.
CALCULATED 2200-M/S CROSS SECTIONS AND RESONANCE INTEGRALS
2200-M/SEC RES. INTEG. REF
ELASTIC 3.134 B /17
CAPTURE 0.166 B 0.081 B /17
TOTAL 3.300 B -
MF=3 NEUTRON CROSS SECTIONS
BELOW 500 KEV
BACKGROUND CROSS SECTION.
iT=1,2" 0.07029
12285 wuleRr620517
ABOVE 500 KEV
MT=1 NEW OPTICAL NODEL CALCULATION USING THE PARAWETER
SET DETERMINED BY T. WATANAB
VEIERD 55050 0gaTer (HEV
WS = 6.583 + 0.5927E (MEV
VSO= 3.391 MEV
R = 1.36, A = 0.422(FM
RS= 1.23. B = 0.517(FM
RS0=0.938, AS0=0.600(FM
MT=2 TOTAL - NONELASTIC
MT=4,51-56,91,102 TOTAL, ELASTIC, INELASTIC AND CAPTURE
CALCULATED WITH CASTHY CODE/3/, CONSIDERING THE
COMPETITION WITH THE THRESHOLD REACTION CHANNELS.
OPTICAL POTENTIAL PARAMETERS OF C.Y.FU/4/ ARE ADJUSTED
TO REPRODUCE THE FOLLOWING EXPERIMENTAL DATA:
MT=1 TOTAL NESTOR DATA (MANY AUTHORS)
MT=2 ELASTIC -
MT=4 INELASTIC -
THE SPHERICAL OPTICAL POTENTIAL PARAMETERS
V=43.0 VS0=5.37 MEV;
WS=9.13 WU =0.0 (MEV
R =RS$0=1.26 RS=1.39 (FM
A=AS0=0.76 B=0.40 FM
MT=102 CAPTURE DATA ARE NORMALIZED TO 1.8 MB AT 500 KEV
BASED ON (7 MB AT 30 KEV) BY R.L.MACKLIN ET AL.757.
THE DISCRETE LEVEL SCHEME TAKEN FROM REF./6/:
NO- ENERGY (MEV) SPIN-PARITY
(6.5.) 0.0 1/2 -
1 1.266 3/2 +
2 2.234 5/2 +
3 3.134 1/2 +
4 3.295 5/2 +
5 3.415 772 +
6 3.506 372 +
CONTINUUM LEVELS ASSUMED ABOVE 4.0 MEV. THE LEVEL
DENSITY PARAMETERS OF ASANO ET AL. /7/ ARE USED.
MT=16(N,2N%, 22 N,N'A% 28(N,N" PE, 103 107(N,A)
os8e0" O Fat aTaTdariehl Nobt CALCULATioNS WiTh oNasH
CODE /8/, WITHOUT THE PRECOMPOUND REACTION CORRECTION.
TRANSMISSI0N COEFFICIENTS FOR PROTON AND ALPHA PARTICLE



ARE CALCULATED BY USING THE OMP OF BECCHETTI-GEENLEES
/9/ AND HUIZENGA-1G0/10/, RESPECTIVELY. IN THE CASES OF
MT=103 AND 107, THE EXPERIMENTAL DATA WERE ALSO
CONSIDERED TOGETHER WITH THE CALCULATIONS.
LEVEL DENSITY PARAMETERS ARE BASED ON BUILT-IN VALUES.
MT=251 MU-BAR
CALCULATED WITH OPTICAL MODEL (CASTHY).

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2 CALCULATED WITH OPTICAL MODEL(CASTHY g
MT=51-56 CALCULATED WITH HAUSER-FESHBACH FO MULA(CASTHY)
MT=16,22,28 1SOTROPIC IN THE LABORATORY SYST
MT=91 ISOTROPIC DISTRIBUTIONS IN CM WERE "CONVERTED TO
THE DISTRIBUTIONS IN LAB.
MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=16,22,28,91,103,107 EVAPORATION SPECTRA.
MF=12 PHOTON PRODUCTION MULTIPLICITY

MT=102,103,107 CALCULATED BY SINCROS-11/11/.
MF=13 PHOTON PRODUCTION CROSS SECTION
MT=3 CALCULATED BY SINCROS-11/11/.
MT=4 DISCRETE LINES CALCULATED BY TAKING
ACCOUNT OF BRANCHING RATIOS
MF=14 PHOTON ANGULAR DISTRIBUTION
MT=3,4,102,103,107 ISOTROPIC
MF=15 PHOTON ENERGY DISTRIBUTION
MT=3,103,107 CALCULATED BY SINCROS-11/11/.
MT=102 CALCULATED BY CASTHY/3/.
REFERENCES
1) MUGHABGHAB, S.F. ET AL.: NEUTRON CROSS _SECTION, VOL.1 (1981).
2) MACKLIN, R.L. ET AL.: PHYS. REV. C32, 379 51985)
3) IGARASI, S.: J. NUCL. SCI. TECH. 12, 67 E 75;
4) FU, C.Y_.: ATOM. DATA AND NUCL. DATA TABL 17, 127 (1976).
5) MACKLIN, R.L. ET AL PHYS. REV. 129, 2695 1963%
6) LEDERER, C.M. ET AL TABLE OF ISOTOPES. 7TH EDI
7) ASANO ET AL.: PRIVATE COMMUNICATION.
8) YOUNG, P.G. AND ARTHUR, E.D.: LA-6947 (1977).
9) BECCHETI, JR. AND GREENLESS, G.W.: POLARIZATION PHENOMENA
IN NUCLEAR REACTIONS, P.682 ( 971).
10) HUIZENGA, JR. AND I1GO, G.J.: NUCL. PHYS. 29, 462 (1962).
11) YAMAMURO, N.: JAERI-M 90-006 (1990).



MAT number = 1600

16-S - 0 FUJI E.C. EVAL-MAY87 H.NAKAMURA
DIST-SEP89 REV2-FEB94
HISTORY
87-05 NEWLY EVALUATED BY H.NAKAMURA (FUJI ELECTRIC CO. LTD.)
87-07 COMPILED BY T.FUKAHORI (JAERI
88-02 MODIFICATIONS ON (N,P) AND IN LASTIC SCATTERING CROSS
SECTIONS OF S-32. DIRECT INELASTIC COMPONENTS FROM DWBA
CALCULATIONS WERE ADDED TO THE COMPOUND COMPONENTS AS TO
REPRODUCE DDX DATA OF OKTAVIAN (OSA, 1986
88-08 MODIFIED DUE TO CORRECT S-32 DATA BY T.FUKAHORI (JAERI)
94-02 JENDL-3.
NEﬂIgPTICAL MODEL CALCULATION WAS PERFORMED BY T. WATANABE

AMMA PRODUCTION DATA WERE EVALUATED BY T. ASAMI (DE).

DATA WERE COMPILED BY K. SHIBATA (JAERI).

*kkKk*k MODIFIED PARTS FOR JENDL 3 2 B R R R R R R R

(3,1),(3,4%,53,51-73 £(3,913, (3,251 ( ’23 ,(4,51-73)
OPTiCAL AND STATiST1CAL MODEL CALCULATIONS.
CONSTRUCTED FROM ISOTOPIC FILES.

& g 91TOTAL - 'NONELASTI

O

SUBSECTIONS COMBINED.
F=12, 13 14,15 GAMMA PRODUCTION DATA

*******************************************************

NATURAL SULPHUR DATA CONSTRUCTED FROM S-I1SOTOPES.

MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCES

RESONANCE REGION : 1.0E-5 EV - 1.57 MEV
THE MULTILEVEL BREIT-WIGNER FORMULA WAS USED. PARAMETERS
WERE ADOPTED FROM THE FOLLOWING SOURCES.
S-32 : -10 KEV - 1.57 MEV, R = 3.92 FM
S-33 : -7.1 - 260 KEV, R = 3.85 FM

S-34 : -10 - 480 KEV, R = 3.60 FM
CALCULATED 2200- M/S CROSS SECTIONS AND RES. INTEGRALS.

0-M/S RES. INTEG.
ELASTIC 024 B
CAPTURE 0.514 B 0.2428 B
TOTAL 1.546 B -

MF=3 NEWTRON CROSS SECTIONS
BELOW 1.57 MEV, BACKGROUND CROSS SECTIONS CONSISTING OF
(N,P) AND (N,ALPHA) CROSS SECTIONS WERE GIVEN.

MT=1 TOTAL
SPHERICAL AND DEFORMED_OPTICAL POTENTIAL PARAMETERS
WERE DETERMINED SO AS TO REPRODUCE THE EXPERIMENTAL DATA
OF CIERJACKS+/1/. THE SHERICAL POTENTIALS WERE USED IN
CALCULATING THE CROSS SECTIONS OF S-32, WHILE THE
DEFORMED ONES WERE USED IN CALCULATING THE CROSS SECTIONS
OF THE OTHER ISOTOPES. THE I1SOTOPIC CALCULATIONS WERE
PERFORMED BY USING CASTHY CODE/2/.
MT=2 ELASTIC SCATTERING
GIVEN AS TOTAL MINUS OTHER CROSS SECTIONS.
MT=4 TOTAL INELASTIC SCATTERING
SUM OF MT=51-73, 91
MT=16,22,28,103,107
THE _WEIGHTED SUM OF ISOTOPES WAS ADOPTED. THE CROSS
SECTIONS OF ISOTOPES WERE CALCULATED USING GNASH CODE/3/.
MT=51-73,91 INELASTIC SCATTERING
ISOTOPIC DATA WERE OBTAINED FROM THE CASTHY/2/

CALCULATION. ISOTOPIC LEVELS WERE SORTED WITH ENERGIES.

EOR R R Rk o S R SR R SRk ok ok ok ok ok SR SR R AR R Sk o ok R Sk Sk R ok S o ok SRR R R AR ok o ok o

OPTICAL-MODEL POTEMTIAL PARAMETERS USED FOR THE JENDL-3.2

EVALUATION:
V = 58.83 - 0.5635EN MEV
WS = 3.609 + 0.1819EN MEV
6 = 2.518 + 0.0302EN MEV) FOR DEFORMED POT.)
S0= 4.199 MEV
R =1.306, A = 0.452 FM
=1.124, B = 0.690 FM
RSO: 1.010, ASO= 0.750 FM

********************************************************

MT=102 CAPTURE

ABOVE 1. 57 MEV, THE CASTHY/2/ CALCULATION WAS ADOPTED.
MT=103(N, 1076 ,ALPHA&

FOR 32 THE EVALUATION WAS MADE ON THE BASIS OF



EXPERIMENTAL DATA. FOR S-33,34,36, THE GNASH/3/
CALCULATION WAS ADOPTED.

MT=251 MU-BAR
CALCULATED WITH CASTHY/2/.

MF=4 MéNSUEéR7gISTRIBUTIONS OF SECONDARY NEUTRONS
0PTICAL AND STATISTICAL-MODEL CALCULATIONS.
MT=16,22,28
MTAS?UMED TO BE ISOTROPIC IN THE LABORATORY SYSTEM.
ISOTROPIC DISTRIBUTIONS IN CM WERE CONVERTED TO THE
DISTRIBUTIONS IN LAB.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,91
CALCULATED WITH GNASH/3/.

MF=12 PHOTON PRODUCTION MULTIPLICITY
MT=102,103,107
CALCULATED WITH SINCROS-11/4/.
MF=13M$H8TON PRODUCTION CROSS SECTION
CALCULATED WITH SINCROS-11/4/.
CALCULATED BY TAKING ACCOUNT OF BRANCHING RATIOS.
MF=14 PHOTON ANGULAR DISTRIBUTION
=3,4,102,103,107
ASSUMED T0 BE ISOTROPIC.
MF=15 PHOTON ENERGY DISTRIBUTION

MT=3,102,103,107
CALCULATED WITH SINCROS-11/4/.

-

REFERENCES

1) CIERJACKS, S. ET AL.: KFK-1000 (1968)

2) IGARASI, S. - J. NUCL SCI. TECHNOL., 12, 67 (1975)
3) YOUNG, P.G. AND ARTHUR, E.D.: LA-6947 (1977).

4) YAMAMURO, N: JAERI-M 90-006 (1990).



MAT number = 1625
16-S - 32 FUJI E.C. EVAL-MAY87 H.NAKAMURA
DIST-SEP89 REV2-FEB94

HISTORY
87-03 NEWLY EVALUATED BY H.NAKAMURA (FUJI ELECTRIC CO.LTD.)
88-08 THE FOLLOWING QUANTITIES WERE MWODIFIED BY H.NAKAMURA
(N,P) CROSS SECTION
INELASTIC SCATTERING CROSS _SECTIONS AND ANGULAR
DISTRIBUTIONS OF THE FIRST, THIRD AND CONTINUUM LEVELS
94-02 JENDL-3.2
COUPLED-CHANNEL CALCULATION WAS PERFORMED BY K. SHIBATA
(JAERI) USING THE ONP SET DETERWINED BY T. WATANABE (KHI).
HE TOTAL AND INELASTIC SCATTERING CROSS SECTIONS WERE
REPLACED BY THE C.C. CALCULATIONS
DATA WERE COMPILED BY K. SHIBATA
* k Kk kK MODIFIED PARTS FOR JENDL_3 2 KAKXRKAAKXRAXAKAAXAAAA*AA A dhkddhhdh*k
3, 251&,(4,2 ,(4,51-56)

3,1 3,4 3,51- 56,91 5
( )+ ( ) EES— HANNEL CALCULATIONS.
TOTAL - NONELASTIC
****************************************************************
MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

ME=2 MT=151 RESONANCE PARAMETERS:

RESOLVED RESONANCES FOR MLBW FORMULA: 1.0E-5 EV - 1500 KEV
PARAMETERS ARE TAKEN FROM BNL 325 4TH EDITION/1/, AND

SOME PARAMETERS ARE ASSUMED TO FIT THE MEASURED DATA.
CROSS SECTIONS CALCULATED WITH THESE PARAMETERS ARE TO

BE CORRECTED BY ADDING MF=3, MT=1, 2 AND 102 DATA.

CALCULATED 2200-M/S CROSS SECTIONS AND RESONANCE INTEGRALS
2200-M/SEC RES. INTEG. REF.

ELASTIC 0.963 B - -
CAPTURE 0.528 B 0.250 B /1/
TOTAL 1.499 B - -

MF=3 NEUTRON CROSS SECTIONS
BELOW 1500KEV
BACKGROUND DATA FOR
MT=107 0.007 B, BASED ON 2200-M/S DATA OF REF./1/.
ABOVE 1500KEV
MT=1, 2, 4, 51-56, 91, 102 TOTAL, ELASTIC, INELASTIC AND
CAPTURE CALCULATED WITH CASTHY CODE /2/, CONSIDERING THE
COMPETITION WITH THE THRESHOLD REACTION CHANNELS.
OPTICAL POTENTIAL PARAMETERS OF C.Y.FU/3/ ARE ADJUSTED
&9 TEPR$8¥CE THE FOLLOWING EXPERIMENTAL DATA:
MT=2 ELASTIC G A_PETITT ET AL./4/, A.VIRDIS/5/.
MT=4 INELASTIC -

THE SPHERICAL OPTICAL POTENTIAL PARAMETERS
V=38.0 VS0=5.37 (MEV
WS=9.13 WV =0.0 (MEV
R_;R80=1.26 Rs=1.39 (FI)
A=ASO =0.76 _ B =0.40( E
MT=102  CAPTURE DATA AR NORMALIZED TO THE EXPERIMENTAL
DATA OF A.LINDHOLM ET AL. AT 3 - 6 MEV/6/.
THE DISCRETE LEVEL SCHEME TAKEN FROM REF./7/:
NO. ENERGY (MEV) SPIN-PARITY
(6.5.) 0.0 0+
1 2.230 2+
2 3.779 0+
3 4.282 2+
4 4.459 4+
5 4.695 1+
6 5.006 3-
CONTINUUM LEVELS ASSUMED ABOVE 5.4 MEV. THE LEVEL
DENSITY PARAMETERS OF ASANO ET AL./8/ARE USED.
*khkKkk*k JENDL_S_Z KA A KA KA A A KA A A A AKX AKAAAKN AKX A A KN A XA AR A XA dd A dhdd %k
MT=1,4,51-56,91,251
COUPLED-CHANNEL OPTICAL AND STATISTICAL MODEL CALCULATION
WAS PERFORMED BY USING THE OMP SET GIVEN AS FOLLOWS:
V_ = 58.83 - 0.5635EN MEV
WS = 2.518 + 0.0302EN MEV
VSO0= 4.199 MEV
R = 1.306, A = 0.452 FM
RS = 1.124. B = 0.690 FM
RSO= 1.010. ASO= 0.750 FM
THE COUPLING SCHEME
GROUND STATE 0.0 MEV (0+)



+
2 PHONON STATE  3.779 MEV (0+
47459 NEV (4+

COUPLING CONSTANTS ~ BETA-2 = 0.

MT=16 (N, 2N 22(N,N" A% 28(N,N*" PE 103(N,P % 107? g
BASED ON’THE STATISTICAL MODEL CALCULATIONS WITH GNASH
CODE/9/, WITHOUT THE PRECOMPOUND REACTION CORRECTION.

780 M 33

1 PHONON STATE 2.230 MEV gg
4

O

TRANSMISSION COEFFICIENTS FOR PROTON AND ALPHA PARTICLES
ARE CALCULATED BY USING THE OMP OF BECCHETTI-GEENLEES
/10/ AND HUIZENGA-1G0/11/, RESPECTIVELY.

LEVEL DENSITY PARAMETERS ARE BASED ON BUILT-IN VALUES.

MT=103 § % CROSS SECTION
ADJUS O REPRODUCE R. RICAMO DATA ABOVE 14 MEV /12/.

MT= M
CALCULATED WITH COUPLED CHANNEL OPTICAL MODEL.
MF= ﬁ ANGULAR DISTRIBWTIONS OF SECONDARY NEUTRONS

T=2 CALCULATED TH OPTICAL MODEL (CASTHY
MT=51-56 CALCULATED WITH COUPLED-CHANNEL STATISTICAL MODEL
MT=16,22,28 ISOTROPIC IN THE LABORATORY SYSTEM.
MT=91 I1SOTROPIC DISTRIBUTIONS IN CM WERE CONVERTED TO
THE DISTRIBUTIONS IN LA
MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,91,103,107 EVAPORATION SPECTRA,
REFERENCES
1) MUGHABGHAB,S.F. ET AL.: NEUTRON CROSS SECTION, VOL.1 (1981).
2) I1GARASI,S: J. NUCL. SCI. TECH. 12, 67 (1975).
3) FU,C.Y.: ATOM. DATA AND NUCL. DATA TABLES. 17, 127 (1976).
4) PETITT,G.A. ET AL.: NUCL. PHYS. 79, 231 (1960)
5) VIRDIS.A.: CEA-R-5144 519 1%
6) LINDHOLM,A. ET AL.: YS. A279, 445 (1977).
7) LEDER,C.M. ET AL.: TABLE OF ISOTOPES. 7TH EDIT.
8) ASANO ET AL.: PRIVATE COMMUNICATION
9) YOUNG,P.G. AND ARTHUR,E.D.: LA-6947 (1977
10) BECCHETI,JR. AND GREENLEES,G.W.: POLARIZATION PHENOMENA
IN NUCLEAR REACTIONS, P.682 (1971).
llg HUIZENGA,JR. AND 1G0,G.J.: NUCL. PHYS. 29, 462 (1962).
12) RICAMO, R. : NC. 8, 383 (1951)



MAT number = 1628
16-S - 33 FUJI E.C. EVAL-MAY87 H.NAKAMURA
DIST-SEP89 REV2-FEB94
STORY

82 NE%BK EVALUATED BY H.NAKAMURA (FUJI ELECTRIC CO. LTD.)
NEW OPTICAL MODEL CALCULATION WAS PERFORMED BY T. WATANABE

KH1
SATA)WERE CONPILED BY K. SHIBATA (JAERI)
*khkkhkk*k MODIFIED PARTS FOR JEN AhkAkXAkdkhkddhkhkkhdhddhdd*ix
(3,1),(3, 4% 53 51-57 g ? 3 351 ,(4,2),(4,51-57)
OPTiCAL AND STATIST1CAL MODEL CALCULATIONS.
(3,2) TOTAL - NONELASTIC

SRR Sk o o o Sk R SR AR SR AR R Sk ok R R GRSk R SR SR R R Sk ok ok ok R ok SR R ARk R ok o ok R ok

HI
87
94

MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 MT=151 RESONANCE PARAMETERS:

RESOLVED RESONANCES FOR MLBW FORMULA: 1.0E-5 EV - 260 KEV
PARAMETERS ARE TAKEN FROM BNL325 4TH EDITION/1/, AND
C.WAGEMANS AND H.WEIGMANN/2/.

CROSS SECTIONS CALCULATED WITH THESE PARAMETERS ARE TO
BE CORRECTED ADDING MF=3, MT=1, 2 AND 102 DATA.

CALCULATED 2200-M/S CROSS SECTIONS AND RESONANCE INTEGRALS

2200- M/SEC RES. INTEG. REF.
ELASTIC 2. - /1/
CAPTURE 0. 35 : 0.164 B /17
TOTAL 3.36 B - -
MF=3 NEUTRON CROSS SECTIONS
BELOW 260 KEV
BACKGROUND CROSS SECTIONS ARE GIVEN FOR MT=1:
MT=1 0.171B : 0.002( P% 169(N,A
MT=103 (N,P 0.0016 ASED 0N 200 W7S DATA /17.
MT=107 (N.,A) 0.169 B, "SAME TO THE ABOVE
MT=251 NUZBAR = 0.0210
ABOVE 260 KEV.
MT=1,2,4,51-57,91,102
TOTAL, ELASTIC, INELASTIC AND CAPTURE CROSS SECTIONS
CALCULATED WITH CASTHY CODE /3/, CONSIDERING THE
COMPETITION WITH THE THRESHOLD REACTION CHANNELS.
OPTICAL POTENTIAL PARAMETERS OF C.Y.FU/4/ ARE ADJUSTED
TO REPRODUCE THE FOLLOWING EXPERIMENTAL DATA:
MT=1 TOTAL
MT=2 ELASTIC CROSS SECTIONS OF $-32.
MT=4 INELASTIC
THE SPHERICAL OPTICAL POTENTIAL PARAMETERS
V = 38.0 VSO= 5.37 MEV
Ws= 9.13 WV o= 0.0 MEV
R=RS0= 1.26 RS = 1.39 Fi
A=ASO= 0.76 B = 0.40 FM
MT=102 CAPTURE DATA ARE NORMALIZED TO 0.5 MB AT 260 KEV
BASED ON S-32 CAPTURE CROSS SECTIONS
THE DISCRETE LEVEL SCHEME TAKEN FROW REF./5/
NO. ENERGY (MEV) SPIN-PARITY
(G.S.) 0.0 3/2 +
1 0.8404 1/2 +
2 1.966 5/2 +
3 2.313 3/2 +
4 2.866 5/2 +
5 2.934 772 -
6 2.969 772 +
7 3.220 3/2 -
CONTINUUM LEVELS ARE ASSUMED ABOVE 3.6MEV. THE LEVEL
DENSITY PARAMETERS OF ASANO ET AL./6/ ARE USED.
*k Kk kK JENDL_3_2 KA AR AKX A AR AXAAAKR AKX A AKX AKX A AKX AKX A AR AKX d ok ddhhd*k
MT=1,4,51-57,91,251
OPTICAL AND STATISTICAL MODEL CALCULATION
WAS PERFORMED BY USING THE OMP SET GIVEN AS FOLLOWS:
V= 58.83 - 0.5635EN MEV
WS = 3.609 + 0.1819EN MEV
VSO= 4.199 MEV
R = 1.306, A = 0.452 FM
RS = 1.124. B = 0.690 FM
RSO= 1.010., ASO= 0.750 FMY .
KA KA A AR AR A AR AR A AR AR A AR AR A AR AXA A AR AR A AR A A AT R AKX A AR A d A d ok dkhhd*k
MT:16(N,2N%, 22EN,N'A?,28£N,N'PB 103(N, PE 10 N,A%
BASED ON THE STATISTICAL MODEL CALCULATIONS WITH GNASH
CODE /77, WITHOUT THE PRECOMPOUND REACTION CORRECTION



MISSION COEFFICIENTS FOR PROTON AND ALPHA PARTICLES
ARE CALCULATED BY USING THE OMP OF BECCHETTI-GEENLEES/8/
UIZENGA-1G0/9/, RESPECTIVELY.

LEVEL DENSITY PARAMETERS ARE BASED ON BUILT-IN VALUES.
MT=251 MU-BAR

CALCULATED WITH OPTICAL MODEL (CASTHY).

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=2 CALCULATED WITH OPTICAL MODEL ﬁCASTHY%
MT=51-57 CALCULATED WITH HAUSER-FESHBACH F RMULA (CASTHY)
MT=16,22,28 [ISOTROPIC IN THE LABORATORY SYST
MT=91 ISOTROPIC DISTRIBUTIONS IN CM WERE CONVERTED
TO THE DISTRIBUTIONS IN LAB.
MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,91,103,107 EVAPORATION SPECTRA.

REFERENCES
1) MUGHABGHAB, S.F. ET AL.: NEUTRON CROSS SECTION, VOL.1 (1981).
2) WAGEMANS, &. AND WEIGMAN, H.: GRENOBLE-CONF., 462 (1981).
3) IGARASI, S.: J. NUCL. SCi. TECH., 12, 67 (197
4 Y. : ATOM.DATA AND NU
5 ET AL.: TABL
6 : PRIVATE CO
7 AND ARTHUR,
8 R. AND GREENL
EACTIONS, P.6
) R. A G

L. DATA TABLES, 17, 127 (1976).
OF ISOTOPES. 7TH EDIT.
NICATION.
LA-6947 (1977).
"G.W.: POLARIZATION PHENOMENA

9
NUCE PHYS., 29, 462 (1962).
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MAT number = 1631
16-S - 34 FUJI E.C. EVAL-MAY87 H.NAKAMURA

HI
87
94

M

S

F

T

05
02

DIST-SEP89 REV2-FEB94

NE%BZ EVALUATED BY H.NAKAMURA (FUJI ELECTRIC CO. LTD.)
NEW OPTICAL MODEL CALCULATION WAS PERFORMED BY T. WATANABE

KH1
SATA)WERE CONPILED BY K. SHIBATA (JAERI)
*khkkhkk*k MODIFIED PARTS FOR JEN AhkAkXAkdkhkddhkhkkhdhddhdd*ix
(3,1),(3, 4% 53 51-55 g ? 3 351 ,(4,2),(4,51-55)
OPTiCAL AND STATIST1CAL MODEL CALCULATIONS.
(3,2) TOTAL - NONELASTIC

SRR Sk o o o Sk R SR AR SR AR R Sk ok R R GRSk R SR SR R R Sk ok ok ok R ok SR R ARk R ok o ok R ok

ORY

1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 MT=151 RESONANCE PARAMETERS:

M

F=

RESOLVED RESONANCES FOR MLBW FORMULA: 1.0E-5 EV - 480 KEV
PARAMETERS ARE TAKEN FROM BNL 325 4TH EDIT ON/1/, AND

SOME PARAMETERS ARE ASSUMED TO FIT THE MEASURED DATA.

CROSS SECTIONS CALCULATED WITH THESE PARAMETERS ARE TO

BE CORRECTED BY ADDING MF=3, MT=1, 2 AND 102 DATA.
CALCULATED 2200-M/S CROSS SECTIONS AND RESONANCE INTEGRALS

2200- M/SEC RES.INTEG. REF.
ELASTIC 2.08 - -
CAPTURE 0 22 B 0.101 B /1/
TOTAL .30 B - -

3 NEUTRON CROSS SECTIONS
BELOW 480KEV
NO BACKGROUND CROSS SECTION.
MT=251 MU-BAR=0.0198

>
o
o
<
m
S
[ee)
o
=
m
<

MT=1,2,4,51-55,91,102
TOTAL, ELASTIC, INELASTIC AND CAPTURE CALCULATED WITH
CASTHY CODE/2/, CONSIDERING THE COMPETITION WITH THE
THRESHOLD REACTION CHANNELS.
OPTICAL POTENTIAL PARAMETERS OF C.Y.FU/3/ ARE ADJUSTED
TO REPRODUCE THE FOLLOWING EXPERIMENTAL DATA:
MT=1 TOTAL -
MT=2 ELASTIC CROSS SECTIONS OF S-32
MT=4 INELASTIC -
THE SPHERICAL OPTICAL POTENTIAL PARAMETERS
V = 38.0 VS0= 5.37 (MEV
Ws= 9.13 WV = 0.0 MEV
R =RSO= 1.26 RS = 1.39 (FM
A =ASO= 0.76 B = 0.40 (FM
MT=102 CAPTURE DATA ARE NORMALFZED TO 0.3MB AT 480 KEV
BASED ON S-32 CAPTURE CROSS SECTION.
THE DISCRETE LEVEL SCHEME TAKEN FROM REF./4/:
NO. ENERGY (MEV) SPIN-PARITY
(6.S0) 0.0 0 +
1 2.127 2 +
2 3.304 2 +
3 3.914 0 +
4 4.072 1 +
5 4.115 2 +

CONTINUUM LEVELS ASSUMED ABOVE 4.5 MEV. THE LEVEL
DENSITY PARAMETERS OF ASANO ET AL./5/ ARE USED.

*kkkx JE 3 2 EE R R S S S R S S R S R o R S S S

MT=1,4,51- 55 91,251

OPTICAL AND STATISTICAL MODEL CALCULATION
WAS PERFORMED BY USING THE OMP SET GIVEN AS FOLLOWS:
V = 58.83 - 0.5635EN MEV
WS = 3.609 + 0.1819EN MEV
VS0= 4.199 MEV
R =1.306, A = 0.452 FM
RS = 1.124., B = 0.690 FM
RSO= 1.010. ASO= 0.750 FMY.
KA KA A AR AR A AR AR A AR AR A AR AR A AR AXA A AR AR A AR A A AT R A AR A A d A ddhkdhhd*k
MT= 16(N ZN%, 22EN,N A?, 28(N,N"P), 103 107®N L)
N THE STATISTICAL MODEL CAL ULA iONS WITH  GNASH
CODE /6/, WITHOUT THE PRECOMPOUND REACTION CORRECTION.
TRANSMISSION COEFFICIENTS FOR PROTON AND ALPHA PARTICLE
ARE CALCULATED BY USING THE OMP OF BECCHETTI-GEENLEES/7/
AND HUIZENGA-160/8/, RESPECTIVELY.
. ZEEVEhUDENSITY PARAMETERS ARE BASED ON BUILT-IN VALUES.
CALCULATED WITH OPTICAL MODEL (CASTHY)
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MAT number = 1637
16-S - 36 FUJI E.C. EVAL-MAY87 H.NAKAMURA

TORY
05
02

HIS
87~
94-

MF

1

DIST-SEP89 REV2-FEB94

NE%BZ EVALUATED BY H.NAKAMURA (FUJI ELECTRIC CO. LTD.)
NEW OPTICAL MODEL CALCULATION WAS PERFORMED BY T. WATANABE

KH1
SATA)WERE CONPILED BY K. SHIBATA (JAERI)
*khkkhkk*k MODIFIED PARTS FOR JEN AhkAkXAkdkhkddhkhkkhdhddhdd*ix
(3,1),(3, 4% 53 51-55 g ? 3 351 ,(4,2),(4,51-55)
OPTiCAL AND STATIST1CAL MODEL CALCULATIONS.
(3,2) TOTAL - NONELASTIC

SRR Sk o o o Sk R SR AR SR AR R Sk ok R R GRSk R SR SR R R Sk ok ok ok R ok SR R ARk R ok o ok R ok

GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 MT=151 RESONANCE PARAMETERS: (NOT GIVEN)

MF=3

NEUTRON CROSS SECTIONS
BELOW 1000 KEV

MT=2 2.2
MT=102 3.5 B 0.
MT=1 5.7 2
ABOVE 1000 KEV
MT=1,2,4,51-5
T0
CALCU
COMPE

OPT
TO RE

los}

TIC AND CAPTURE
AT THY CODE /2/, CONSIDERING THE
1T ESHOLD REACTION CHANNELS.
CAL POTENTIAL PARAMETERS OF C.Y.FU/3/ ARE ADJUSTED
R?DU?STXEE FOLLOWING EXPERIMENTAL DATA:
=2 ELASX%C EROSS SECTIONS OF S-32

_|
Ht—ﬂr>
=

THE SPHE

.0 MEV
. .39 FM
A= 0.76 B O 40 FM
MT=102 CAPTURE DATA ARE NORMALIZED TO 0.15 MB AT 1 MEV
BASED ON S-32 CAPTURE CROSS SECTION.
THE DISCRETE LEVEL SCHEME TAKEN FROM REF./4/:
ENERGY (MEV) SPIN-PARITY
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ED ABOVE 5.0 MEV. THE LEVEL
éSANO ET AL./5/ ARE USED.
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L CALCULATION
MP SET GIVEN AS FOLLOWS:
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*hkkhkkkhkkhkhhhkkdhkikh*k ***************************************

MT=16(N, 2N 22(N,N"A 28(N,N" PE, 103 107 g

BASED ON’THE STATISTICAL MODEL CALC LAT ONS W TH NASH
CODE /6/, WITHOUT THE PRECOMPOUND REACTION CORRECTION.
TRANSMISSION COEFFICIENTS FOR PROTON AND ALPHA PARTICLE
ARE CALCULATED BY USING THE OMP OF BECCHETTI-GEENLEES
/7/ AND HUIZENGA-1G0/8/,RESPECTIVELY.

LEVEL DENSITY PARAMETERS ARE BASED ON BUILT-IN VALUES.
MT=251 MU-BAR

CALCULATED WITH OPTICAL MODEL (CASTHY).

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=2 CALCULATED WITH OPTICAL MODEL ﬁCASTHY%

MT=51-55 CALCULATED WITH HAUSER-FESHBACH FORMULA(CASTHY)

MT=16,22,28 ISOTROPIC IN THE LABORATORY SYSTEM.

MT=91 ISOTROPIC DISTRIBUTIONS IN CM WERE CONVERTED
TO THE DISTRIBUTIONS IN LAB.



MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,91,103,107 EVAPORATION SPECTRA.

EFERENCES
1) MUGHABGHAB, S.F. ET AL.: NEUTRON CROSS SECTI N, VOL.1 (1981).
2) IGARASI, S.: J. NUCL. SCI. TECH., 12, §19 5;
3) FU, C.Y.: ATOM. DATA AND NUCL. DATA TABLE 1 127 (1976) .
4) LEDERER, C.M. ET AL.: TABLE OF ISOTOPES. 7TH ED
5) ASANO ET AL.: PRIVATE COMMUNICATION.
6) YOUNG, P.G. AND ARTHUR, E.D.: LA-6947 (1977
79 BECCHETI, JR. AND GREENLEES, G.W.: POLARIZATION PHENOMENA
IN NUCLEAR REACTIONS, P.682 (19712.
8) HUIZENGA, JR. AND IGO0, G.J.: NUCL. PHYS., 29, 462 (1962).



MAT number = 1700
7-CL- KHI EVAL-MAR94 T.WATANABE
DIST-APR94
HISTORY

94-3 NEW EVALUATION CONSTRUCTED FROM ISOTOPE DATA

MF=1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS

RESOLVED RESONANCE PARAMETERS FOR MLBW FORMULA. (BELOW 226.0 KEV)
BELOW 226 KEV BACKGROUND CROSS SECTION WAS ALSO GIVEN

BETWEEN 202 TO 226 KEV: CL-37 SMOOTH CROSS SECTION WERE ADDED

AS A BACKGROUND CROSS SECTION. BELOW 226KEV CL—35$N,P) ,(NLA)
CROSS SECTION WAS ADDED ALSO BACKGROUND CROSS SECTION

THE DATA WERE CONSTRUCTED FROM THE EVALUATED CROSS SECTIONS

FOR CL-35 AND CL-37, CONSIDERING THEIR ABUNDANCES/1/.
CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES. INTEG.

TOTAL 49.03 -
ELASTIC 15.89 -
CAPTURE 33.14 13.57
MF=3 NEUTRON CROSS SECTIONS
BELOW 226 KEV, RESONANCE PARAMETERS WERE Gl
ALSO BACKGROUND CROSS SECTIONS WERE GIVEN TO TOTAL ELASTIC,
CAPTURE, SN AND (N,A) PARTIAL CROSS SECTIONS.
ABOVE 20 THE TOTAL, ELASTIC AND INELASTIC SCATTERING, AND

CAPTURE CROSS SECTIONS WERE CALCULATED WITH THE OPTICAL AND
STATISTICAL MODEL CODE CASTHY/2/. OPTICAL POTENTIAL PARAMETERS
USED WERE AS FOLLOWS.

DEPTH (MEV) R*A**(1/3) DIFFUSENESS(FM)
V = 46.68-0.3459E , RO = 1.450 , A0 = 0.308
WS = 3.584+1.224E . RS = 1.433 . AS = 0.338
WS0= 6.2 . RSO= 1.200 . ASO= 0.638
THE LEVEL SCHEME WAS ADOPTED FROM ENSDF FILE FOR EACH ISOTOPES.
NO . ENERGY (MEV) SPIN-PARITY ISOTOPES
GR. 0.0 3/2 + CL-35,CL-37
1 1.2193 172 + CL-35
2 1.7266 172 + CL-37
3 1.7632 5/2 + CL-35
4 2.6453 7/2 + CL-35
5 2.6936 3/2 + CL-35
6 3.0026 5/2 + CL-35
7 3.0866 5/2 + CL-37
8 3.1033 /2 - CL-37
9 3.1626 772 - CL-35
10 3.6260 3/2 + CL-37
11 3.7078 372 + CL-37
12 3.7409 5/2 - CL-37
13 3.9184 3/2 + CL-35
14 3.9432 9/2 + CL-35
15 3.9675 1/2 + CL-35
16 40099 9/2 - CL-37
17 4.0163 3/2 + CL-37
18 4.0592 3/2 - CL-35
19 4.1133 7/2 + CL-35
20 4.1734 5/2 - CL-35
4.1779 3/2 - CL-35
4.1766 3/2 - CL-37
21 4.2689 172 + CL-37
4.2726 7/2 - CL-37
22 4.3473 9/2 - CL-35
4.3963 5/2 + CL-37
23 4.4600 772 - CL-37
24 4.5460 11/2 - CL-37
25 4.6242 3/2 + CL-35
26 4.7679 /2 - CL-35
4.7700 13/2 + CL-37
27 4.8012 5/2 + CL-37
28 4.8109 772 + CL-37
29 4.8406 172 + CL-35
4.8376 5/2 + CL-37
30 4.8544 1/2 + CL-35
4.8540 172 - CL-37
31 4.8817 772 + CL-35
32 4.9042 772 + CL-37



33 4.9210 9/2 - CL-37
4.9230 1372 + CL-37

34 4.9608 3/2 + CL-37

35 4.9740 13/2 + CL-37

36 5.0104 1/2 - CL-35
5.0093 5/2 + CL-37

37 5 0552 5/2 + CL-37
.0591 3/2 CL-37

LEVELS ABOVE 5. 02MEV WERE ASSUMED TO BE OVERLAPPING.

PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GIRBERT-
CAMERON WERE EVALUATED.
SPIN CUT-OFF PARAMETER C1 WAS TAKEN AS 0.146.

CL- 35 CL- 36 CL- 37 CL-38

A gMEva 5.205 5.434 5.564 6.299
SPIN CUT-OFF PARAM. 3.564 3.711 3.824 4.142
PAIRING ENERGY (MEV 1.860 0. 2.04
NORMALIZATION FACTOR 344.94 370.41 389.80 453.22
E-JOINT (MEV) 2 3.561 7.099 3.313
MT:lﬁ'%ﬁjzs 3ﬁA Ozﬂlﬁg)lgﬁ ﬁgi %ﬁGP%OZNlé% %ﬁlT) (N,HE-3),
EN,A&,$§,2PE,M6 BA

WERE CONSTRUCTED FROM EACH CL ISOTOPE DATA CONSIDERING
ABUNDANCES.
CROSS SECTIONS FOR EACH ISOTOPE WERE EVALUATED USING CASTHY/2/
AND MODIFIED EGNASH-2/3/ PROGRAMM.

MF=4 MT=2,16,22,28,32,51-87,91
(N,2N),(N,NA%,&N,NP&,(N,ND AND ELASTIC AND INELASTIC SCATTERING
ANGULAR DiSTRIBUTIONS OF SECONDARY NEUTRONS
WERE CONSTRUCTED FROM EACH CL ISOTOPE DATA CONSIDERING
ABUNDANCES.

MF=5 MT=16,22,28,32,91
N,ZNQ,(N,NA%,SN,NPg,SN,NDg AND CONTINUM INELSTIC SCATTERING
NERGY DISTR1BUTIONS OF SECONDARY NEUTRONS
WERE CONSTRUCTED FROM EACH CL ISOTOPE DATA CONSIDERING
ABUNDANCES.

REFERENCES

1)C.M.LEDERER ET.AL. TABLE OF ISOTOPES 7TH ED.(1978)

JOHN WILEY & SONS INC.

gs IGARASHI ,T.FUKAHORI  JAERI-1321 519913

39N - YAMAMURO JAERI-M 90-006(1991



MAT number =
17-CL- 35 KH

HISTORY
94-3 NEWLY EVALUATED

MF=1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS%BELOW 226KEV)
RESOLVED RESONANCE PARAMETERS FOR MLBW FORMUL
NEGATIVE ENERGY LEVEL PARAMETERS WERE ADJUSTED TO REPRODUCE
2200M/S CROSS SECTIONS.
EVALUATION WAS MAINLY BASED ON MACKLINS/1/ DATA AND
MUGHABGHABS/Z/ COMPILATION
BELOW 226KEV, AND (N, A% CROSS SECTIONS WERE GIVEN AS
BACKGROUND T0 AL ROSS SECT

CALCULATED 2200-M/S CROSS SECTIONS AND RES INTEGRALS (BARNS)
00 M/S ES. INTEG.

1725
1 EVAL-MAR94 T.WATANABE
DIST-APR94

22
TOTAL 64
ELASTIC 20. 6 -
CAPTURE 43.6 17.8

MF=3 NEUTRON CROSS SECTIONS
BELOW 226 KEV, RESONANCE PARAMETERS WERE
ABOVE 226 KEV, THE TOTAL, ELASTIC AND INELASTIC SCATTERING, AND
CAPTURE CROSS SECTIONS WERE CALCULATED WITH THE OPTICAL AND
STATISTICAL MODEL CODE CASTHY/4/.
ABOVE 1.0OMEV, DIRECT/SEMIDIRECT CAPTURE NORMALIZED TO 0.349MB AT
14MEV WERE ADDED TO CASTHYS RESULTS/5/.
ggTégﬁtowgDEL PARAMETERS USED IN CASTHY CALCULATION WERE SHOWN

GIVEN.

DEPTH (MEV) RADIUS(FM) DIFFUSENESS (FM)
V = 46.68-0.3459E , RO = 4.743 , AO = 0.308
Wl =-0.0007E**2 , Rl = 0.0 , Al = 0.0
WS = 3.584+1.224E , RS = 4.6874 , AS = 0.338
WS0= 6.2 , RSO= 3.9253 , ASO= 0.638
THE LEVEL SCHEME WAS ADOPTED FROM ENSDF FILE/6/.

NO. ENERGY (MEV) SPIN-PARITY BETA2/BETA3

GR. 0.0 3/2 +

1 1.2193 1/2 + 0.28

2 1.7632 5/2 + 0.15

3 2.6453 7/2 + 0.2

4 2.6936 3/2 + 0.25

5 3.0026 5/2 + 0.2

6 3.1626 7/2 - 0.25

7 3.9185 3/2 + 0.2

8 3.9432 9/2 + 0.2

9 3.9675 1/2 + 0.15

10 4.0592 3/2 - 0.25

11 4.1133 7/2 + 0.15

12 4.1734 5/2 - 0.2

13 4.1779 3/2 - 0.2

14 4.3473 9/2 -

15 4.6242 3/2 +

16 4.7679 7/2 -

17 4.8406 1/2 +

18 4.8544 1/2 +

19 4.8817 7/2 +

0 5 04 -

2 .01 1/2
LEVELS ABOVE 5.02MEV WERE ASSUMED TO BE OVERLAPPING.

PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GIRBERT-
CAMERON WERE EVALUATED.
SPIN CUT-OFF PARAMETER C1 WAS TAKEN AS 0.146.

CL- 35 CL- 36
A gMEva 5.205 5.434
SPIN CUT-OFF PARAM. 3.564 3.711
PAIRING ENERGY (MEV 1.860 0.0
NORMALIZATION FACTO 344.94 370.41
E-JOINT (MEV) 7.542 3.561

Igg %ESTURE CROSS SECTION WAS NORMALIZED TO 3 MILLIBARNS AT



NT=16,22,28,32,103,104,105,106,107, 111
gN 2N) NA) (N,NPY, (N.ND).(N,B),(N,D),(N,T),(N,HE-3),
THE &oés SECTIONS WERE EVALUATED
WITH MODIFIED EGNASH-2/7/ USING F2=0.5 AND
FOLLOWING OPTICAL POTENTIAL
NEUTRON  :SAME AS USED IN CASTHY
PROTON :PEREYS OMP/8/
DEUTRON  :PEREY-PEREYS OMP/9/
TRITON *RAGAINIS OMP/10/
HESS ILUETZESHWABS OMP/11/

ALPHA :BOCKS OMP/12/
AND NORMALIZED Tg gOLLOWING DATA.

N, 2N) MB AV. EXP. DATA/13,14/
N,P 125.0 MB AV. EXP. DATA/16,17/
N,D 12.6 MB SYSTEMATICS/15/

N,A 117.0 MB AV. EXP. DATA/18/

BELOW 58.607KEV, (N,P) CROSS SECTION WAS CALCULATED USING
KOEHLERS RESONANCE PARAMETERS/3/. ENERGY DEPENDENCE OF LOW
ENERGY N A CROSS SECTION WAS ASSUMED AS 1/V AND NORMALIZED
T0 2200 M/Ss./72/

THE MU-BAR(MT=251) WAS ALSO CALCULATED WITH CASTHY.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2,16,22,28,32,51-70,91

EhAﬁg;C(ﬁNBDINELASTIC SCATTERING CROSS SECTION, (N,2N), (N,NA),
ANGULAR DIST&IBUTIONS WERE CALCULATED WITH CASTHY FOR ELA-
STICALLY AND INELASTICALLY SCATTERED NEUTRONS. THE DIRECT
INELASTIC SCATTERING CONTRIBUTION WAS EVALUATED WITH DWUCKY/19/.
DEFORMATION PARAMETERS USED IN DWUCKY CALCULATION WERE EVALUTED
FROM COMPILAITON/20,21/, AND ENSDF HALF LIFE DATA.
AS FOR (N,2N),(N,NA),(N.NP),(N,ND) ISOTROPIC DISTRIBUTIONS WERE
ASSUMED .
UF=5 1ENE§GY DISTR{BUTIONS OF SECONDARY NEUTRONS
FOR $N,2Ng SN NA), (N,NP),(N,ND) AND CONTINUM INELASTIC
SCATTERIN ROSS SECTIONS, SEC NDARY NEUTRON ENERGY DISTRIBUTION
WERE CALCULATED WITH EGNASH-
REFERENCES
1)R.L.MACKLIN ET. AT., PR C29,1996§1984%
2)S.F.MUGHABGHAB ET. AL., NEUTRON CROSS SECTION VOL.1 PART A
ACADEMIC PRESSSlQSl)
3)P.E.KOEHLER PR/C44,1675(19 1g
4)S.IGARASHI,T.FUKAHORI  JAERI-1321 (1991)
59T .NAKAGAWA CAPDIR _MANUAL
6)EVALUATED NUCLEAR STRUCTURAL DATA FILE
79N . YAMAMURO JAERI-M 90-006(1991
8)F.G.PEREY PR 131, 745(1963
9)C.M.PEREY,F.G.PEREY PR 132, 752(1963
10)R.C.RAGAINI ET. AL. PR €2.1020¢1970
11)J.W.LUETZELSCFWAB ET.AL PR 180.1023(1964
12)R.BOCK ET. AL. NP A92. 539(1967
13)Y.IKEDA ET AL. JAERI-1312(1988)
143G .PETO AHP,24,93£1968%
15)R.A.FORREST AERE-R’12 19&1 86)
169D .L.ALLAN NP 24,274(1961)
17)W.SCANTL SCANTL
18)W . NAGEL NAGEL
199N YAMAMURO JAERT-M 88-140(1988)
20)S.RAMAN ET.AL AND 42,1§19893
21)R.H.SPEAR AND 42.55(1989)



MAT number =
17-CL- 37 KH

HISTORY
94-3 NEWLY EVALUATED

MF=1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF=2 RESONANCE PARAMETERSEBELOW 202.0KEV)
MT=151 RESOLVED RESONANCE PARAMETERS
RESOLVED RESONANCE PARAMETERS FOR MLBW_FORMULA WITH VARING SCAT-
ERING RADIUS. NEGATIVE ENERGY LEVEL DATA WERE ADJUSTED TO
REPRODUCE 2200M/S CROSS SECTIONS.
EVALUATION WAS MAINLY BASED ON MACKLINS/1/ DATA AND
MUGHABGHABS/2/ COMPILATION.

CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES. INTEG.

1731
1 EVAL-MAR94 T.WATANABE
DIST-APR94

TOTAL 1.583
ELASTIC 1.15 -
CAPTURE 0.433 0.204
MF=3 NEUTRON CROSS SECTIONS
BELOW 202 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 202 KEV, THE TOTAL, ELASTIC AND INELASTIC SCATTERING, AND
CAPTURE CROSS SECTIONS WERE CALCULATED WITH THE OPTICAL AND
STATISTICAL MODEL CODE CASTHY/3/.
DIRECT/SEMIDIRECT CROSS SECTION WERE NORMALIZED TO 0.286MB AT
14 MEV, WERE CORRECTED TO CASTHY"S RESULTS/4/.
OPTICAL MODEL PARAMETERS USED IN CASTHY CALCULATION WERE AS
FOLLOWS.
DEPTH (MEV) RADIUS(FM) DIFFUSENESS(FM)
V = 46.68-0.3459E , RO = 4.8317 , AO = 0.308
WS = 3.584+1.224E , RS = 4.7751 , AS = 0.338
WS0= 6.2 , RSO= 3.9987 , ASO= 0.638
THE LEVEL SCHEME WAS ADOPTED FROM ENSDF FILE/5/.
NO. ENERGY (MEV) SPIN-PARITY BETA2/BETA3
GR. 0.0 3/2 +
1 1.7266 1/2 + 0.2
2 3.0866 5/2 + 0.2
3 3.1033 7/2 - 0.25
4 3.6260 3/2 + 0.15
5 3.7078 3/2 + 0.15
6 3.7409 5/2 - 0.25
7 4.0099 9/2 - 0.2
8 4.0163 3/2 + 0.15
9 4.1766 3/2 - 0.2
10 4.2689 1/2 + 0.15
11 4.2726 7/2 - 0.2
12 4.3963 5/2 + 0.1
13 4.4600 7/2 -
14 4.5460 1172 -
15 4.7700 13/2 +
16 4.8012 5/2 +
17 4.8109 7/2 +
18 4.8376 5/2 +
19 4.8540 1/2 -
20 4.9042 7/2 +
21 4.9210 9/2 -
22 4.9230 13/2 +
23 4.9608 3/2 +
24 4.9740 13/2 +
25 5.0093 5/2 +
26 5.0552 5/2 +
27 5.0591 /2 -

3
LEVELS ABOVE 5.06 MEV WERE ASSUMED TO BE OVERLAPPING.

PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GIRBERT-
CAMERON WERE EVALUATED.
SPIN CUT-OFF PARAMETER C1 WAS TAKEN AS 0.146.

CL- 37 CL- 38
A, NEV) 5.564 6.299
SPIN CUT-OFF PARAM. 3.824 4.142
PAIRING ENERGY (MEV 2.040 0.0

NORMALIZATION FACTO 389.80 453 .22
E-JOINT (MEV) 7.099 3.313
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THE CAPTURE CROSS SECTION WAS ADJUSTED TO DOVBENKOS DATA/6/.

MT=16,22,28,32,33,103,104,105,106,107
N.2NY, (N, NA) (N,NP), (N,ND), (N.NT), (N,P),(N,D),(N,T),

N.HE=3
WERE EVALUATED W%TH MODIFIED EGNASH-2/7/ USING F2=0.5 AND
FOLLOWING OPTICAL POTENTIAL

NEUTRON :SAME AS USED IN CASTHY

PROTON PEREYS OMP/8/

DEUTRON :PEREY-PEREYS OMP/9/

TRITON RAGAINIS OMP/10/

HE-3 LUETZESHWABS OMP/11/

ALPHA :BOCKS OMP/12/

AND NORMALIZED TO FOLLOWING DATA.

N, NA) 3.93 MB SYSTEMATICS/13/
N,P 22.3 MB KAWADES DATA/14/
N,D 8.18 MB SYSTEMATICS

N, T 0.84 MB SYSTEMATICS

N,A 31.5 MB AV. EXP. DATA/15,16,17/

THE MU-BAR(MT=251) WAS ALSO CALCULATED WITH CASTHY.

4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2,16,22,28,32,51-77,91

ELASTIC AND INELASTIC SCATTERING CROSS SECTION,(N,2N),(N,NA),
(N NP) AND (N.ND)

ANGULAR DISTRiIBUTIONS WERE CALCULATED WITH CASTHY FOR ELA-
STICALLY AND INELASTICALLY SCATTERED NEUTRONS.

DIRECT INELASTIC CONTRIBUTION WERE CALCULATED WITH DWUCKY/18/.

DEFORMATION PARAMETERS USED IN DWUCKY CALCULATION WERE

EVALUATED FROM COMPILATIONS/19,20/ AND ENSDF HALF LIFE DATA.
N,NP) AND (N,ND) ISOTROPIC DISTRIBUTIONS

5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,32,91
FOR $N ZNg,éN NA), (N,NP S(N ND) AND CONTINUM INELASTIC

SCATTERIN ROSS SECTIO SECONDARY NEUTRON ENERGY DISTRIBUTIO

WERE CALCULATED WITH EGANSH-2.

FERENCES

R.L.MACKLIN ET. AT., PR C29,1996§1984%
S_.F.MUGHABGHAB ET. AL., NEUTRON CROSS SECTION VOL.1 PART A

ACADEMIC PRESS(1981

S. IGARASHI T.FUKAHORI JAERI-1321 1991
T.NAKAGA CAPDIR MANUAL
EVALUATED NUCLEAR STRUCTURAL DATA FILE

A.G. DOVBENKO ET AL. AE 23,15181967)
N.YAMAMURO JAERI-M 90-006(1991
F.G.PEREY PR 131, 745(1963
C.M.PEREY,F.G.PEREY PR 132, 752(1963
R.C.RAGAINI ET. AL. PR €2,1020(1970
J.W. LUETZELSCFWAB ET.AL PR 180,1023(1964
R.BOCK ET. NP A92, 539(1967
R.A.FORREST AERE-R 1241951 863
K.KAWADE ET AL JAERI-M _90-171(1990)
R.PRASAD NP 85,476(1966)
1.N.NGOC NGOC

R.S.SCALAN ET AL. NP 9,334519588
N.YAMAMURO JAERI-M 88-140(1988)
S.RAMAN ET.AL. AND 42,1&19893
R.H.SPEAR AND 42,55(1989)



MAT number =
18-AR- 40 KH

HISTORY
94-3 NEWLY EVALUATED

MF=1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS(BELOW 1.49774MEVB
EE H-MOORE FORMULA WAS ADOPTED. ABOVE 100KEV,BACKGROUND CROSS
NE
22

1837
1 EVAL-MAR94 T.WATANABE
DIST-APR94

I1C
CTION WAS GIVEN TO REPRODUCE WINTERS MEASUREMENT/1/.
GATIVE ENERGY LEVEL PARAMETERS WERE ADJUSTED TO REPRODUCE
00M/S CROSS SECTIONS.

EVALUATION WAS MAINLY BASED ON WINTERS/1/, MACKLINS/2/ DATA
AND MUGHABGHABS/3/ COMPILATION.

CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES. INTEG.

TOTAL 1.307
ELASTIC 0.647 -
CAPTURE 0.66 0.294
MF=3 NEUTRON CROSS SECTIONS
BELOW 1.49774 MEV, RESONANCE PARAMETERS WERE GIVEN.
BELOW 5.0MEV, WINTERS TOTAL CROSS SECTION MEASUREMENT/1/ WAS
FOLLOWED. ELASTIC SCATTERING CROSS SECTION WAS RECONSTRUCTED
EE%¥|8&§FERENCE BETWEEN TOTAL AND SUM OF OTHER PARTIAL CROSS
ABOVE 1.5 MEV, INELASTIC SCATTERING AND CAPTURE CROSS SECTION
AND ABOVE 5.0 MEV, TOTAL AND ELASTIC SCATTERING CROSS SECTION
¥E§$H$§EEULATED WITH THE OPTICAL AND STATISTICAL MODEL CODE
DIRECT PROCESS FOR INELASTIC SCATTERING WERE CORRECTED WITH
DWBA CODE DWUCKY/5/. THE PARAMETERS USED IN DWUCKY CALCULATION
WERE ESTIMATED FROM RAMANS/6/ COMPILATION AND HALF LIFE DATA OF
ENSDF FILE/7/.
OPTICAL MODEL PARAMETERS USED IN CASTHY CALCULATION WERE AS
FOLLOWS.
DEPTH (MEV) RADIUS(FM) DIFFUSENESS (FM)
V = 53.39-0.2233E , RO = 4.4494 , AO = 0.536
WS = 3.365+2.445E , RS = 3.7448 , AS = 0.419
WS0= 4.705 , RSO= 4.8085 , ASO= 0.6
THE LEVEL SCHEME WAS ADOPTED FROM ENSDF FILE.
NO. ENERGYgMEV) SPIN-PARITY BETA 2/3
GR. 0 0 +
1 1.4609 2 4+ 0.25
2 2.1208 0 +
3 2.5241 2 4+ 0.15
4 2.8930 4 +
5 3.2083 2 4+ 0.2
6 3.4645 6 +
7 3.5113 1+
8 3.5150 4 +
9 3.6810 3 - 0.25
10 3.9188 2 4+ 0.15
11 3.9420 1+
12 4.0420 0 +
13 4.0829 3 - 0.2
14 4.1790 1+
15 4.2260 4 -
16 4.2290 4 +
17 4.3012 1 -
18 4.3245 2 4+ 0.15
19 4.3580 1 -
20 4.4190 3 - 0.15
21 4.4270 3+
22 4.4810 1+
23 4.4941 5 -
24 4.5621 1 -
25 4.5780 2 4+

LEVELS ABOVE 4.58 MEV WERE ASSUMED TO BE OVERLAPPING.
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GIRBERT-

CAMERON WERE ADOPTED.
SPIN CUT-OFF PARAMETER C1 WAS TAKER A200.146.



A (MEva 8.301 8.443
SPIN CUT-OFF PARAM. 4.920 5.044
PAIRING ENERGY (MEV 3.260 1.620
NORMALIZATION FACTO 628.70 655 .44
E-JOINT (MEV) 9.363 6.164
THE CAPTURE CROSS SECTION WAS NORMALIZED TO REPRODUCE 1.35
MILLIBARN AT 300 KEV/2/. ABOVE 1 MEV, DIRECT/SEMIDIRECT CAPTURE
CROSS SECTION NORMALIZED TO 0.523 MB AT 14.5 MEV WERE ADDED TO
ABOVE CASTHY"S RESULTS/8/.
MT=16,17,22,28,103,104,105,106,107
g“,ﬁy) (N, 3R, (RUNAY S (NSNP) S (N, P), (N,D), (N, T), (N,HE-3),
WERE EVALUATED WITH MODIFIED EGNASH-2/9/ USING F2=1.4 AND
FOLLOWING OPTICAL POTENTIALS,
NEUTRON  :SAME AS USED IN CASTHY
PROTON *PEREYS OMP/10/
DEUTRON  :PEREY-PEREYS OMP/11/
TRITON ZRAGAINIS OMP/12/
HE-3 :LUETZESHWABS OMP/13/
ALPHA ZBOCKS OMP/14/
AND NORMALIZED TO FOLLOWING VALUES AT 14.5 MEV.
N, NA 2.17 NB SYSTEMATICS/15/
N NP 0.06 MB SYSTEMATICS
N.P 16.0  MB RANAKUMARS DATA/16/
N.D 2.9 MB GRAYS DATA/17/
N A 10.0  MB AV. OF EXP. DATA/16,18,19/

THE MU-BAR(MT=251) WAS ALSO CALCULATED WITH CASTHY.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2,16,17,22,28,51-75,91
ELASTIC AND INELASTIC SCATTERING, (N, ZN% $N 3N SN,NA%,EN,NP)
ANGULAR DISTRIBUTIONS WERE CALCULATED CASTRYFO LA-
STICALLY AND INELASTICALLY SCATTERED NEUTRONS. THE DIRECT
éggééi&lc SCATTERING CONTRIBUTION WAS EVALUATED WITH DWUCKY
AS FOR (N,2N N, 3N N,NA) AND (N,NP),ISOTROPIC DISTRIBUTION
e ASSS ) ( ). ( ) ( ),

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=16,17,22,28,91

FOR gN,zNB,§N,3N , (N, NA ,§N,NP? AND CONTINUM INELASTIC SCATTER-

ING,SECONDARY 'NEOUTRON ENERGY DISTRIBUTION WAS CALCULATED WITH

EGNASH-2.

REFERENCES

1)R.R.WINTERTS ET. AT. PR C43, 492(1991

2)R-L-MACKLIN ET. AT. AAA 216, 109(¢1989
3)S.F.MUGHABGHAB ET. AL., NEUTRON CROSS SECTION VOL.1 PART A

ACADEMIC PRESS(1981

4)S.1GARASHI,T.FUKAHORI  JAERI-1321 1991

5)N . YAMAMURO JAERI-M 88-140(1988

6)S.RAMAN ET AND 36,1&1987)

7)EVALUATED NUCLEAR STRUCTURAL FiL

89T .NAKAGAWA CAPDIR MANUAL

9N . YAMAMURO JAERI-M 90-006(1991
10)F.G.PEREY PR 131, 745(1963
11)C.M.PEREY,F.G.PEREY PR 132, 752(1963
12)R.C.RAGAINI ET. AL. PR €2.1020(1970
13)J.W.LUETZELSCFWAB ET.AL PR 180.1023(1964
14)R.BOCK ET. AL. NP A92. 539(1967
159R-A.FORREST AERE-R 12419(1986
16)N-RANAKUMAR ET AL. NP/A 128,333(1969
17)P.R.GRAY ET AL. NP 62,172(1965
18)S_KARDONSKY ET AL. PR C4.840(1971
19)L-HUSAIN JIN 30,355(1968)



MAT number = 1900
19-K - 0 FUJI E.C. EVAL-MAY87 H.NAKAMURA
DIST-SEP89 REV2-FEB94

HISTORY

87-05 NEWLY EVALUATED BY H.NAKAMURA (FUJI ELECTRIC CO. LTD.)
87-07 COMPILED BY T.FUKAHORI (JAERI).

94-02 JENDL-3.2

TOTAL CROSS SECTION WAS CALCULATED BY T. WATANABE (KHI).
INELASTIC SCATTERING CROSS SECTIONS WERE CALCULATED BY
.SHIBATA (JAERI).
GAMMA PRODUCTION DATA WERE EVALUATED BY T. ASAMI (DE).
DATA WERE COMPILED BY SH TA.
*kkkk MODIFIED PARTS FOR JENDL 2 EEE SR R S R S R S R o S

3,1 3,4 3,51-91),(3,251 4,51-61
( ) - NEW g { &D STA gTICAL M%DEL CAL.

TICAL A
3,2) TOTAL - NONELASTIC
5,16-91) SUBSECTIONS WERE COMBINED.
F=12,13,14,15 NEWLY EVALUATED
EE R R R S o R R R o R R R R S R S R R S R S R o S R R R S R o R S S R S S

NATURAL POTASSIUM CONSTRUCTED FROM ITS ISOTOPES.

MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCES

RESONANCE REGION : 1.0E-5 EV - 200 KEV
THE MULTILEVEL BREIT-WIGNER FORMULA WAS USED. PARAMETERS
WERE ADOPTED FROM_THE FOLLOWING SOURCES.
K-39 : -4.0 - 200 KEV, = 1.80 FM
K-41 : -6.6 - 125 KEV, R = 2.00 FM

CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS.

2200-M/S RES. INTEG.
ELASTIC 2.096 B
CAPTURE 2.058 B 1.118 B
TOTAL 4.159 B -

MF=3 NEUTRON CROSS SECTIONS
BELOW 200 KEV, BACKGR OU CROSS SECTIONS CONSISTED OF
ﬁEéETéTVEﬁAPTURE’ (N,P) A D (N,ALPHA) CROSS SECTIONS

MT=1 TOTAL
FOR ENERGIES 0.2 - 20 MEV, THE WEIGHTED SUM OF ISOTOPES
DATA WERE TAKEN. THE ISOTOPIC CALCULATIONS WERE PERFORMED
BY USING_CASTHY CODE/1/.

MT=2 ELASTIC SCATTERING
GIVEN AS TOTAL MINUS OTHER CROSS SECTIONS.

MT=4 TOTAL INELASTIC SCATTERING
SUM OF MT=51-61, 91
MT=16,22,28,103,107
THE WEIGHTED SUM OF ISOTOPES WAS ADOPTED. THE CROSS
SECTIONS OF ISOTOPES WERE CALCULATED USING GNASH CODE/2/.
MT=51-61,91 INELASTIC SCATTERING
ISOTOPIC DATA WERE OBTAINED FROM THE CASTHY/1/
CALCULATION. ISOTOPIC LEVELS WERE SORTED WITH ENERGIES.
OPTICAL POTENTIAL PARAMETERS USED IN THE CALCULATION ARE
AS FOLLOWS:
V = 46.72, RO = 1.26, A0 = 0.76
WS = 9.13, RS = 1.39, AS = 0.40
vS0=_ 5.37, RSO= 1.26, ASO= 0.76
ENERGIES IN MEV UNIT, LENGTHS IN FM UNIT.
*kkkx JENDL_3_2 ESE R R S o S S R R R R S S S S R R S R R S S o o
THE CROSS SECTIONS WERE CALCULATED BY USING THE OMP SET
DETERMINED BY T. WATANABE.
V = 54.36 - 0.325EN MEV
WS= 2.258 + 0.1698EN MEV
VS0=3.341 MEV
R =1.200 , A =0.658 FM
RS = 1.320 , B =0.602 FM
= 1.100 , ASO= 0.406
EE RS R S S R R S o R S R S R R S S S R S S S S S R S S S S R S S S

MT=102 CAPTURE

ABOVE 200 KEV, THE CASTHY/1/ CALCULATION WAS ADOPTED.
MT= 103§ % 107(N, ALPHA%

ABO 0 KEV BASED ON CALCULATIONS USING THE GNASH/2/

MT 251 MU-BAR



CALCULATED WITH CASTHY/1/.
MF=4 ANGUEARGRISTRIBUTIONS OF SECONDARY NEUTRONS

OPTICAL AND STATISTICAL-MODEL CALCULATIONS.
D TO BE ISOTROPIC IN THE LABORATORY SYSTEM.

ISTRIBUTIONS IN C.M. WERE CONVERTED TO THE
NS IN LAB.

BUTIONS OF SECONDARY NEUTRONS
WITH GNASH/2/.
MF=12 PHOTON PRODUCTION MULTIPLICITY
MT=102,103,107
CALCULATED WITH SINCROS-11/3/.
MF=13MPHOTON PRODUCTION CROSS SECTION
CALCULATED WITH SINCROS-11/3/.
GENERATED BY TAKING ACCOUNT OF BRANCHING RATIOS.
MF=14 PHTON ANGULAR DISTRIBUTION
=3,4,102,103,107
ASSUMED TO BE ISOTROPIC.

MF=15 PHOTON ENERGY DISTRIBUTION
103,107

[@lw)

|wilelu)
-

MT=

7=3,4,
CALCULATED WITH SINCROS-11/3/.
MT=102

CALCULATED WITH CASTHY/1/.
REFERENCES
1) IGARASI, S. - J. NUCL. SCI. TECHNOL 12, 67 (1975).
2) YOUNG, P.G. AND ARTHUR, E.D.: LA-6 7 (1977).
3) YAMAMURO, N: JAERI-M 90-006 (1990).



MAT number = 1925
19-K - 39 FUJI E.C. EVAL-MAY87 H.NAKAMURA
DIST-SEP89 REV2-FEB94
STORY

82 NEWLY EVALUATED BY H.NAKAWURA (FUJ1 ELECTRIC CO. LTD.)
TOTAL CROSS SECTION WAS CALCULATED BY T. WATANABE (KHI).
INELASTIC SCATIERING CROSS SECTIONS WERE CALCULATED BY

_SHIBATA (JAERI
DATA IIERE CONPILED BY K. SHIBATA,
*khkKkKk*k MODIFIED PARTS FOR JENDL 2 KAXAA KX AXA A AKX AKX A AA AR A A A A A hdh %
3,1),(3,4),(3,51-91), (3,251 4,51-54

(3,1, (3.4). G2y OP% éAL 5 gTAT S$ICAL MOBEL CAL.

(3,2) TOTAL L NONELASTIC

****************************************************************

MF=1 GENERAL INFORMATION

MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 MT=151 RESONANCE PARAMETERS:
RESOLVED RESONANCES FOR MLBW FORMULA: 1.0E EV - 200 KEV

HI
87
94

PARAMETERS ARE TAKEN FROM BNL 325 4TH ED T10 N/l/ AND
SOME PARAMETERS ARE ASSUMED TO FIT THE MEA SURED DATA.
CROSS SECTIONS CALCULATED WITH THESE PARAMETERS ARE TO
BE CORRECTED BY ADDING MF=3, MT=1, 2 AND 102 DATA.
CALCULATED 2200-M/S CROSS SECTIONS AND RESONANCE INTEGLALS
2200 M/SEC RES.INTEG. REF.
ELASTIC .06 - -
CAPTURE 2 10 B 1.1 B /1/
TOTAL 4.16 B - -

MF=3 NEUTRON CROSS SECTIONS
BELOW 200 KEV
BACKGROUND DATA FOR MT=1 MT 107 -CROSS SECTIONS.
MT=107 ng =0.04 B (10**- 5 E .0043 B (2200M/S)/1/,

ABOVE 200 KEV

MT=1,2,4,51-54,91,102 TOTAL, ELASTIC, INELASTIC AND CAPTURE
CALCULATED WITH CASTHY CODE 72/, CONSIDERING THE
COMPETITION WITH THE THRESHOLD REACTION CHANNELS.
OPTICAL POTENTIAL PARAMETERS OF C.Y.FU/3/ ARE USED.
THE SPHERICAL OPTICAL POTENTIAL PARAMETERS:
Vo= 46.72 VS0= 5.37 MEV
WS=  9.13 WV = 0.0 MEV
R =RS0= 1.26 RS = 1.39 FM
A =AS0= 0.76 B = 0.40 FM
MT=102 CAPTURE DATA ARE NORMALIZED TO 4.2 MB AT 200 KEV.
THE DISCRETE LEVEL SCHEME TAKEN FROM REF./4/:
NO. ENERGY (MEV) SPIN-PARITY
(G.9) 0.0 3/2 o+
1 2.523 172 +
2 2.814 772 -
3 3.019 3/2 -
4 3.508 /2

9 -
CONTINUUM LEVELS ASSUMED ABOVE 3.8 MEV. THE LEVEL
DENSITY PARAMETERS OF ASANO ET AL./5/ ARE USED.
*kkkk JENDL_ R ER R S R S R o R S S R S R S o R R S o
THE TOTAL AND INELASTIC SCATTERING CROSS SECTIONS WERE CAL-
CULATED BY USING THE OMP SET DETERMINED BY T. WATANABE.

w

V = 54.36 - 0.325EN MEV
WS= 2.258 + 0.1698EN MEV
VS0=3.341 MEV
R =1.20 ,A =0.658 FM
RS =1.32 ,B =0.602 FM
RS0=1.10 ,AS0=0.406 FM
THE CROSS SECTIONS OF MT=16, ,103,107 IN JENDL-3.1 WERE

CONSIDERED AS THE COMPETING PROCESS FOR THE STATISTICAL MODEL
CALCULATION.
E R o R S o S R R S R R R S R S R SR R R R o o o S S R S R S R S S
200 KEV - 1. O MEV

MT=107 & -CROSS SECTION = 2.6*10**-5 B éCﬁggTANT):

ASSU ROM THE CALCULATED VALUE AT 1
ABOVE 1.0 MEV
MT= 16,22,28 103,107 gN, SN ,NA), (N, NP?, gN % é
ASED ON THE STATISTICA DEL CALCULATTON A GNAS
ODE/6/, WITHOUT THE PRECOMPOUND REACTION CORRECTION
TRANSMISSION COEFFICIENTS FOR PROTON AND ALPHA PARTICLE
ARE CALCULATED BY USING THE OMP_OF BECCHETTI-GREENLEES
/7/ AND HUIZENGA-1G0/8/, RESPECTIVELY.
LEVEL DENSITY PARAMETERS ARE BASED ON BUILT-IN VALUES.
AT THE ENERGY RANGE OF 4 - 20 MEV, %N ,P) CROSS SECTION
WAS BASED ON THE EXPERIMENTAL DATA/9-



MT=251 MU-BAR
CALCULATED WITH OPTICAL MODEL (CASTHY).

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2 CALCULATED WITH OPTICAL MODEL SCASTHY%.
MT=51-54 CALCULATED WITH HAUSER-FESHBACH FORMULA (CASTHY)
MT=16,22,28 ISOTROPIC IN THE LABORATORY SYSTEM.
MT=91 ISOTROPIC DISTRIBUTIONS IN CM WERE CONVERTED
TO THE DISTRIBUTIONS IN LAB.
MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,91,103,107 EVAPORATION SPECTRA.
REFERENCES
1) MUGHABGHAB, S.F. ET AL.: NEUTRON CROSS SECTION, VOL.1 (1981).
2) IGARASI, S.: J. NUCL. SCI. TECH., 12, 67 1975;.
3) FU, C.Y.: ATOM. DATA AND NUCL. DATA TABLES., 17, 127 (1976).
4) LEDERER, C.M. ET AL.: TABLE OF ISOTOPES. 7TH EDIT.
5) ASANO ET AL.: PRIVATE COMMUNICATION.
6) YOUNG, P.G. AND ARTHUR, E.D.: LA-6947 §1977%.
7) BECCHETI, JR. AND GREENLEES, G.W POLARIZATION PHENOMENA
IN NUCLEAR REACTIONS, P.682 (19712.
8) HUIZENGA, JR. AND 16O, G.J.: NUCL. PHYS., 29, 462 (1962).
9) BASS, R. ET AL.: NUCL. PHYS., 56, 569 61964%.
10) BORMANN, M. ET AL.: ZEITSCHRIFT F. NATURFORSCHUNG, SECTION A,
15, 200 (1960%
11) ALEKSANDROV,D.V. ET AL.: ATOMNAYA ENERGIYA, 39(2), 137 (1975)



MAT number = 1928
19-K - 40 FUJI E.C. EVAL-MAY87 H.NAKAMURA
DIST-SEP89 REV2-FEB94
STORY

82 NEWLY EVALUATED BY H.NAKAWURA (FUJ1 ELECTRIC CO. LTD.)
TOTAL CROSS SECTION WAS CALCULATED BY T. WATANABE (KHI).
INELASTIC SCATIERING CROSS SECTIONS WERE CALCULATED BY

_SHIBATA (JAERI
DATA IIERE CONPILED BY K. SHIBATA,
*khkKkKk*k MODIFIED PARTS FOR JENDL 2 KAXAA KX AXA A AKX AKX A AA AR A A A A A hdh %
3,1),(3,4),(3,51-91), (3,251 4,51-55
(3,1, (3.4). G2y OP% éAL 5 gTAT S$ICAL MOBEL CAL.
(3,2) TOTAL L NONELASTIC

****************************************************************

HI
87
94

MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 MT=151 RESONANCE PARAMETERS: (NOT GIVEN )

MF=3 NEUTRON CROSS SECTIONS
BELOW 30 KEV
ASSUMED OR INTERPOLATED CROSS SECTIONS,GUIDED BY
THOSE OF K-39:

(10** 5) (2200M/S) 10**2g (3.10**4) RES.INT
MT=2 2.75 2.75 -
WT=702 1508.0°8  30.0° B 71/ 0.9 0.023 B 13.45 B
NT=103 37070 B a4 B /17 00128  0.015 B
MT=107 2.2 B 0.39B/1/ 0.04 B  0.015B -
MT=1 1884.0 B 37.54 B 3.016 B 2.8 B

30 KEV - 1.0 WEV
MT=1,2,4,102 : CALCULATED WITH CASTHY COD
MT=103":70.012 B, GUIDED BY MEASUREMENTS o & e 1ouANN/37 .
ABOVE 30 KEV.
MT=1,2,4,51-91,102
TOTAL. ELASTIC, INELASTIC AND CAPTURE CALCULATION WITH
CASTHY CODE /2/, CONSIDERING THE COMPETITION WITH THE
THE THRESHOLD REACTION CHANNELS.
OPTICAL POTENTIAL PARAMETERS OF C.Y.FU/3/ ARE USED.
THE SPHERICAL OPTICAL POTENTIAL PARAMETERS :
V = 46.72 VS0= 5.37 MEV
Ws= 9.13 WV = 0.0 MEV
R =RSO= 1.26 RS = 1.39 FM
A =ASO= 0.76 = 0.40 FM
MT=102 CAPTURE DATA ARE NORMALIZED TO 4.2 MB AT 200 KEV.
THE DISCRETE LEVEL SCHEME TAKEN FROM REF. /4/
NO. ENERGY (MEV) SPIN-PARITY
(G.$5.) 0.0 4 -
1 0.0296 3 -
2 0.800 2 -
3 0.892 5 -
4 1.644 0+
5 1.959 2+
CONTINUUM LEVELS ASSUMED ABOVE 2.1 MEV. THE LEVEL
DENSITY PARAMETERS OF ASANO ET AL./5/ ARE USED.
*khkKk kK JENDL_3 2 KA KA AR AR A AR AXA A AR AR AAKR AR A AKX AR A AR A XAk hkddhd*
THE TOTAL AND INELASTIC SCATTERING CROSS SECTIONS WERE CAL-
CULATED BY USING THE OMP SET DETERMINED BY T. WATANABE.
V = 54.36 - 0.325EN  (MEV
WS= 2.258 + 0.1698EN (MEV
VS0=3.341 MEV
R =1.20 ,A =0.658 (FM
RS =1.32 .B_=0.602 (FM
RSO=1.10  1AS0=0.406 (FI
THE CROSS SECTIONS OF MT=16, ,103,107 IN JENDL-3.1 WERE
CONSIDERED AS THE COMPETING 5200E8s R0R THE STATISTICAL NODEL

E R o R S o S R R S R R R S R S R SR R R R o o o S S R S R S R S S

MT=16 (N, 2N 22(N,N"A 28(N,N"P 103 (N, % 107§ g
CAL MODEL CALC LAT ONS WITH GNASH

BASED ON’THE STATISTI
CODE /6/, WITHOUT THE PRECOMPOUND REACTION CORRECTION.
TRANSMISSION COEFFICIENTS FOR PROTON AND ALPHA PARTICLE
ARE CALCULATED BY USING THE OMP OF BECCHETTI-GEENLEES
/7/ AND HUIZENGA-1G0/8/, RESPECTIVELY.

LEVEL DENSITY PARAMETERS ARE BASED ON BUILT -IN VALUES.

MT=251 MU-BAR
CALCULATED WITH OPTICAL MODEL (CASTHY).

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2 CALCULATED WITH OPTICAL MODEL éCAS %.
MT=51-55 CALCULATED WITH HAUSER-FESHBACH FORMULA(CASTHY)



MT= 16 22,28 ISOTROPIC IN THE LABORATORY SYST
T= ISOTROPIC DISTRIBUTIONS IN CM WERE "CONVERTED
TO THE DISTRIBUTIONS IN LAB
MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,91,103,107 EVAPORATION SPECTRA.
REFERENCES
1) MUGHABGHAB, S.F. ET AL.: NEUTRON CROSS SECTION, VOL.1 (1981).
2) IGARASI, S.: J. NUCL. SCI. TECH., 12, 67 (1975).
3) WEIGMANN, H.: NESTOR DATA.
4) FU, C.Y.: ATOM. DATA AND NUCL. DATA TABLES., 17, 127 (1976).
5) LEDERER, C.M. ET AL.: TABLE OF ISOTOPES. 7TH EDIT.
6) ASANO ET AL.: PRIVATE COMMUNICATION.
7) YOUNG, P.G. AND ARTHUR, E.D.: LA-6947 (1977).
8) BECCHETI, JR. AND GREENLEES, G.W.: POLARIZATION PHENOMENA
IN NUCLEAR REACTIONS, P.682 (19713.
9) HUIZENGA, JR. AND IGO0, G.J.: NUCL. PHYS., 29, 462 (1962).



MAT number = 1931
19-K - 41 FUJI E.C. EVAL-MAY87 H.NAKAMURA
DIST-SEP89 REV2-FEB94
STORY

82 NE%BK EV%LUATED BY H.NAKAMURA (FUJI ELECTRIC CO. LTD.)
TOTAL CROSS SECTION WAS CALCULATED BY T. WATANABE (KHI).
INELASTIC SCATTERING CROSS SECTIONS WERE CALCULATED BY

.SHIBATA (JAERI
DATA WERE COMPILED BY K. SHIBATA.
*hkk*k*x MODIFIED PARTS FOR JENDL 2 EOR R Sk ok ok ok SR AR GRS ok R ok ok i ok o SR SR Rk
3,1 3,4 3,51-91 3,251 4,51-52
( ) ( ) ( % éAL B gTAT S$ICAL MOBEL CAL.

HI
87
94

NEW OP
(3,2) TOTAL L NONELASTIC
****************************************************************
MF=1 GENERAL INFORMATION

WTEaE TDESCRIPTIVE DATA AND DICTIONARY
MF=2 MT=151 RESONANCE PARAMETERS:

RESOLVED RESONANCES FOR MLBW FORMULA: 1.0E-5 EV - 125 KEV
PARAMETERS ARE TAKEN FROM BNL 325 4TH EDITION /1/, AND
SOME PARAMETERS ARE ASSUMED TO FIT THE MEASURED DATA.

CROSS SECTIONS CALCULATED WITH_THESE PARAMETERS ARE TO
BE CORRECTED BY ADDING MF=3, MT=1, 2 AND 102 DATA.
CALCULATED 2200-M/S CROSS SECTIONS AND RESONANCE INTEGRALS

2200- M/SEC RES. INTEG. REF.
ELASTIC 2 - -
CAPTURE 46 B 1.58 B /1/
TOTAL .03 B - -

MF=3 NEUTRON CROSS SECTIONS
BELOW 125 KEV

MT=251 MU-BAR= 0.0164
ABOVE 125 KEV

MT=1,2,4,51-,91,102
TOTAL. ELASTIC, INELASTIC AND CAPTURE CALCULATED WITH
CASTHY CODE 72/, CONSIDERING THE COMPETITION WITH THE
THRESHOLD REACTiON CHANNELS.
OPTICAL POTENTIAL PARAMETERS OF C.Y.FU/3/ ARE USED.
THE SPHERICAL OPTICAL POTENTIAL PARAMETERS:
V = 46.72 VS0= 5.37 MEV
WSs= 9.13 =00 MEV
R =RSO= 1.26 RS = 1.39 FM
A =AS0= 0.76 B = 0.40 FM
MT=102 CAPTURE DATA ARE NORMALIZED TO THE EXPERIMENTAL
DATA OF 15 MB AT 150 KEV /4/
THE DISCRETE LEVEL SCHEME TAKEN FROM REF./5/:
NO. ENERGY (MEV) SPIN-PARITY
(6.S2) 0.0 3/2 +
1 0.9804 1/2 +
2 1.294 772 -
CONTINUUM LEVELS ASSUMED ABOVE 1.5 MEV. THE LEVEL
DENSITY PARAMETERS OF ASANO ET AL./6/ ARE USED.
*kKk kK JENDL_3 KA KA AR A A A A KA A A A AKA A A A AKX AXAA AKX A KA A A A A A A A A ddhddhd*k
THE TOTAL AND INELASTIC SCATTERING CROSS SECTIONS WERE CAL-
CULATED BY USING THE OMP SET DETERMINED BY T. WATANABE.
V = 54.36 - 0.325EN MEV
WS= 2.258 + 0.1698EN (MEV
VS0=3.341 MEV
R =1.20 ,A =0.658 (FM
RS =1.32 .B_ =0.602 (FM
RS0=1.10 .AS0=0.406 (FM
THE CROSS SECTIONS OF MT=16,22,28,103,107 IN JENDL-3.1 WERE
CONSIDERED AS THE COMPETING PROCESS FOR THE STATISTICAL MODEL

CALCULATION.
KA A A A A A A A A A A A A A A A A A A A A A A A A AR AR A A A AR A A A AR A A A AR A A A AR A A A d A dd k%
NT=160N 2N, 22(NN2AY. 28(N,N7PY, 103(N.PY, LOT(N g
BASED O THE CSTATIST 1CAL TODEL” CALCOLATIONS Wi Th EnasH
CODE /7/, WITHOUT THE COMPOUND REACTION CORRECTION .
TRANSMISSION COEFFICI FOR PROTON AND ALPHA PARTICLE
ARE CALCULATED BY USI HE OMP OF BECCHETTI-GEENLEES
/87 AND HUIZENGA-1G0/ RESPECTIVELY.
LEVEL DENSITY PARAMETERS ARE BASED ON BUILT-IN VALUES.
N, ZNE E E AND (N,A) CROSS SECTIONS WERE NORMALIZED
T0 THE XPERIMENTAL DATA OF ADAM+/10/ FOR (N,2N), AND OF
BASS+/11/ FOR (N,P) AND (N,A).
MT=251 MU-BAR
CALCULATED WITH OPTICAL MODEL  (CASTHY).

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

TI
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NG T
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MT=2 CALCULATED WITH OPTICAL MODEL gCASTHYE
MT=51-52 CALCULATED WITH HAUSER -FESHBACH ORMULA (CASTHY)
MT=16,22,28 ISOTROPIC IN THE LABORATORY SYST
MT=91 ISOTROPIC DISTRIBUTIONS IN CM WERE CONVERTED
TO THE DISTRIBUTIONS IN LAB.
MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,91,103,107 EVAPORATION SPECTRA.

REFERENCES

1) MUGHABGHAB, S.F. ET AL.: NEUTRON CROSS SECTION, VOL.1 (1981).
23 1GARASI. 'S : 3. NUCL. $CI. TECH., 12. 67 §19 59.

3) FU, C.Y.: ATOM. DATA AND NUCL. DATA TABLE 17, 127 (1976).
4) STUPEGIA ET AL.: J. NUCL. ENERG., 22, 267 %

5) LEDERER, C.M. ET AL.: TABLE OF iSOTOPES. 7TH 1

6) ASANO ET AL.: PRIVATE COMMUNICATION.

7) YOUNG, P.G. AND ARTHUR, E.D.: LA-6947 (1977

8) BECCHETI, JR. AND GREENLEES, G.W.: POLARIZATION PHENOMENA

IN NUCLEAR REACTIONS, P.682 (19712.

9) HUIZENGA, JR. AND 160, G.J.: NUCL. PHYS., 29, 462 (1962).
10) ADAM, A. ET AL.: NUCL, PHYS., A180, 587 (1972).

11) BASS. R.ET AL.: EANDC(E)-57U. 1 (1965).



MAT number = 2000
20-CA- 0 DEC EVAL-MAR87 M.HATCHYA(DATA ENG. CO.)
ORY DIST-SEP89 REV2-APR9

3 gEﬁAEVALUATION WAS MADE TO GIVE A FULL REVISION FOR JENDL-2
3 COMPILED BY T.ASAMIgNEDAC&

6 MF=3,MT=251 AND AWR F=4 WERE MODIFIED.

4 JENDL-3.2.

GAMMA PRODCTION DATA MODIFIED BY T.ASAMI (DATA ENG.

OTHER DATA WERE MAINLY ADOPTED FROM JENDL FUSION FILE.
COMPILED BY T.NAKAGAWA (NDC/JAERI)

*khkKk kK MODIFIED PARTS FOR JENDL 3 2 KAKNAXA XA KA hdAhdhkddhhdh*k
ALL CROSS SECTIONS EXCEPT (3,1), (3,16), (3,103), (3,107)

ALL ANGULAR DISTR S EXCERT 4,2).
3), (12,107)

*O1 R,=ZO0O

JENDL FUSION FILE /1/ AS OF JAN. 1994)
EVALUATED BY K.KOSAKO (NEDAC) AND S.CHIBA (NDC/JAERI)
COMPILED BY K.KOSAKO.

NATURAL CA DATA WERE CONSTRUCTED FROM DATA FOR ISOTOPES.
THE INELASTIC SCATTERING CROSS SECTIONS AND ANGULAR
DISTRIBUTIONS OF INELASTICALLY SCATTERED NEUTRONS (EXCEPT
CON U IN ASTIC) WERE CALCULATED WITH CASTHY2Y AND

?I 0 é SYSTEM/2/ INCLUDING CONTRIBUTIONS
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ENERAL INFORMATION
DESCRIPTIVE DATA AND DICTIONARY

ESONANCE PARAMETERS

RESOLVED RESONANCE PARAMETERS
LVED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN THE ENERGY
ON_FROM 1.0E-5 EV TO 500 KEV.
DATA WERE CONSTRUCTED FROM THE EVALUATED RESONANCE
METERS FOR EACH CA I1SOTOPE EXCEPT FOR CA-46, CONSIDERING
R ABUNDANCES IN THE CA ELEMENT/5/.

2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)
ELASTIC 193

CAPTURE 0 4358 0.2262
TOTAL 3.4551

MF=3 NEUTRON CROSS SECTIONS
BELOW 500 KEV, BACKGROUND CROSS SECTION WAS GIVEN. THE TOTAL,
ELASTIC SCATTERING AND CAPTURE CROSS SECTIONS OF CA-42 IN THE
ENERGIES OF 300 TO 500 KEV AND OF CA-43 IN THE ENERGIES OF 40
TO 500 KEV, MULTIPLIED BY THEIR ABUNDANCES, WERE GIVEN AS THE
BACKGROUND CROSS SECTIONS FOR MT=1, 2 AND 102, RESPECTIVELY.

ABOVE 500 KEV, ALL THE CROSS SECTIONS EXCEPT FOR THE TOTAL WERE
CONSTRUCTED FROM THE EVALUATED ONES FOR STABLE ISOTOPES.

MT=1 TOTAL
THE DATA IN THE
MAINLY THE EXPER
STRUCTURES.

MT=2 ELASTIC SCATTERING

ENERGIES ABOVE 500 KEV WERE EVALUATED BASED ON
IMENTAL ONES OF/6, 7/ BY FOLLOWING THEIR FINE



OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.

MT=4, 51-84, 91 INELASTIC SCATTERING
TAKEN FROM JENDL FUSION FILE WHICH WAS CONSTRUCTED FROM THOSE
OF CA ISOTOPES AS FOLLOWS:

MT ENERGYgMEV) CA-40 CA-42 CA-43 CA-44 CA-46 CA-48
51 0.372 51

52 0.5934 52

53 0.9903 53

54 1.157 51

55 1.346 54 51

56 1.5246 51

57 1.6778 55

58 1.8373 52 52

59 1.9018 56

60 1.9314 57,58

61 2.2831

62 2.4231 53 52

63 2.5747 53

64 2.6565 54

65 2.7523 54

66 2.9739 54

67 3.0226 55 55

68 3.1893 55

69 3.2539 56 56

70 3.300 57 57,58

71 3.3521 51 59

72 3.391 58,59

73 3.614 60 56,57

74 3.7369 52

75 3.8317 58 51
76 3.9045 53

77 4.2842 52
78 4.4915 54

79 5.2129 55

80 5.2488 56

81 5.2788 57

82 5.6142 58

83 5.6296 59

84 5.9033 60

91 1.957 91 91 91 91 91 91

MT=16, 22, 28, 102, 103, 107, 111
SN,ZNa, EN,NA%, %N,NP , CAPTURE, (N, Pg (N, A% AND (N, ZPE
CONSTRUCTED FROM THE EVALUATED DATA FOR CA TOPES DATA
FOR MT=103, 107 AND 111 ARE THE SAME AS JENDL . THOSE OF
MT=22 AND 28 WERE MAINLY TAKEN FROM JENDL FUSION FILE. THE
CAPTURE CROSS SECTION ABOVE 3 MEV WAS LARGELY CHANGED FROM
JENDL-3.1 BRCAUSE OF CA-40.
MT=251

MU-BAR
CALCULATED WITH THE OPTICAL MODEL.
M5=42 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

CALCULATED WITH THE CASTHY CODE/8/.
MT=51-84
TAKEN FROM JENDL FUSION FILE.
MT=16, 22, 28, 91
geéEN FROM JENDL FUSION FILE, AND TRANSFORMED INTO THE LAB

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16, 22, 28, 91
g@g%EMFROM JENDL FUSION FILE, AND TRANSFORMED INTO THE LAB

MF=12 PHOTON PRODUCTION MULTIPLICITIES
MT=102 SBELOW 4 MEV
LATED FROM NERGY BALANCE.
MT=103, 107 (BELOW 4 ME
CALCULATED WITH THE G ASH CODE/9/.

MF 13 PHOTON PRODUCTION CROSS SECTIONS
ABOVE 4 MEV&
"CALCULATED WITH THE GNASH CODE/9/.
MT= BELOW 4 MEV
ﬁgL TED FROM THE INELASTIC SCATTRING CROSS SECTIONS AND THE

ITION PROBABILITIES OF ISOTOPES

Ak
n



MF=14 PHOTON ANGULAR DISTRIBUTIONS
MT=3, 4, 102, 103, 107
ASSUMED TO BE ISOTROPIC IN THE LABORATORY SYSTEM.

MF=15 CONTINUQUS PHOTON ENERGY SPECTRA

MT=3, 103, 107

" ESECULATED WITH THE GNASH CODE/9/.
“ASSUMED TO BE THE SAME AS THOSE OF CA-40 WHICH WERE CALCULATED
WITH CASTHY BELOW 10 KEV AND WITH GNASH ABOVE 200 KEV.

. 675 (1984).

$§ S.ET AL. : KFK-1000 &1968%.

R. D.G. ET AL. : PHYS. REV. €3, 576 (1971).
S D FUKAHORI T.: JAERI 1321 51991).
G D ARTHUR E.D. : LA-6947 (1977)

S. ET AL.: JAERI-M 92-027, P.35 (1992).
0, N.: JAERI-M 90-006 (1990).
KUMABE, i, ET AL.: NUCL. ScI. ENG.) 104, 280 (1990).
ENSDF: 'EVALUATED NUCLEAR STRUCTURE DATA’FILE, BNL/ANDC.
HOLDEN N.E., MARTIN R.L. AND BARNES I.L. : PURE & APPL
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MAT number = 2025
20-CA- 40 DEC

MF=

HI
87-
87-
94-

EVAL-MAR87 M.HATCHYA(DATA ENG. CO.)
DIST-SEP89 REV2-APR9
STORY
03 gEﬁAEVALUATION WAS MADE TO GIVE A FULL REVISION FOR JENDL-2
03 COMPILED BY T.ASAMI(NEDAC)
04 JENDL-3.2.
GAMMA PRODCTION DATA MODIFIED BY T.ASAMI (DATA ENG.
OTHER DATA WERE MAINLY ADOPTED FROM JENDL FUSION FILE.
COMPILED BY T.NAKAGAWA

*k Kk kK MODIFIED PARTS FOR JENDL_3 2 AhkAkXAkdkhAhAkhhdhhkdhkkhdhxi
0SS SECTIONS EXCEPT ES ,103) (3 107) AND (3,111)
GULAR DISTRIBUTIONS EXCEPT (4,2).

ERGY DISTRIBUTIONS.

. (12,102), (12,103), (12,107)
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JENDL FUSION FILE /1/ AS OF NOV. 1993)
EVALUATED BY K KOSAKO (NEDAC) AND S.CHIBA (NDC/JAERI)
COMPILED BY K.KOSAKO.

TOTéLMCROSS SECTION WAS MODIFIED IN THE ENERGY RANGE

NELASTIC SCATTERING CROSS SECTIONS AND ANGULAR
1 N OF INELASTICALLY SCATTERED NEUTRONS (EXCEPT
|
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1 GENERAL INFORMATION

MT=451 DESCR PTIVE DATA AND DICTIONARY

MF=
M

MF=

SONANCE PARAMETERS

RESOLVED RESONANCE PARAMETERS

VED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN THE ENERGY

N FROM 1.0E-5 EV TO 500 KEV. PARAMETERS WERE TAKEN FROM
ECOMMENDED DATA OF BNL/5/ AND THE DATA FOR A NEGATIVE

ANCE WERE ADDED SO AS TO REPRODUCE THE RECOMMENDED THERMAL
SECTIONS FOR CAPTURE AND SCATTERNG/5/. THE SCATTERING

S WAS ASSUMED TO BE 3.6 FERMI. CALCULATED 2200 M/SEC
SECTIONS AND RESONANCE INTEGRALS ARE AS FOLLOWS:

2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)

O 408 0.2125
TOTAL 3.430

3 NEUTRON CROSS SECTIONS
BELOW 500 KEV, ZERO BACKGROUND CROSS SECTION WAS GIVEN AND ALL
THE CROSS-SECTION DATA ARE REPRODUCED FROM THE EVALUATED
RESOLVED RESONANCE PARAMETERS WITH MLBW FORMULA.
FOR JENDL-3.2, ALL CROSS-SECTION DATA EXCEPT FOR THE CAPTURE,
é ,P) AND gN ,A) CROSS SECTIONS WERE ADOPTED FROM JENDL FUSION
LE. THEIR CALCULATION WAS MADE WITH SINCROS-11 _SYSTEM/2/ BY
ADOPTING WALTER-GUSS OMP MODIFIED BY YAMAMURO/2/ FOR NEUTRON,
PEREY OMP /6/ FOR PROTON, LEMOS OMP MODIFIED BY ARTHUR AND
YOUNG/7/ FOR ALPHA, LOHR- HAEBERLI OMP/8/ FOR DEUTERON,
BECCHETTII-GREENLEES OMP/9/ FOR TRITON AND HE-3, AND STANDARD
LEVEL DENSITY PARAMETERS OF SINCROS-I11 SYSTEM.

MO==Z0O

MT=1 TOTAL



OPTICAL AND STATISTICAL MODEL CALCULATION WAS MADE WITH
CASTHY /10/. THE OPTICAL POTENTIAL PARAMETERS USED ARE:
V 49 VSO 7.12 MEV

.68, .
WS 7.76 - O.5*EN, wv 0 MEV
R 1.17, RS = 1.09, RSO 1.17 FM

A 0.6, ASO 0.6, 0.69 FM%
é%?VE 10 MEV, MODIFIED T0 REPRODUCE THE EXPERIMENTAL DATA/11,

MT=2 ELASTIC SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.

MT=4, 51-60, 91 INELASTIC SCATTERING
THE CROSS SECTIONS WERE TAKEN FROM JENDL FUSION FILE. THE
LEVEL SCHEME WAS BASED ON REF./4/ CONTRIBUTIONS OF THE
DIRECT PROCESS WERE CALCULATED FOR THE LEVELS MARKED WITH ***
QEEXE/QEEORMATION PARAMETERS COMPILED BY RAMAN ET AL./13/ AND’
NO. EgEgGY(MEV) SPIg—PARITY (DIRECT PROCESS)
. +
1 3.3521 0 +
2 3.7369 3 - *
3 3.9045 2 + *
4 4.4915 5 - *
5 5.2129 0 +
6 5.2488 2 +
7 5.2788 4 + *
8 5.6142 4 - *
9 5.6296 2 +
10 5.9033 1 -
LEVELS ABOVE 5.903 MEV WERE ASSUMED TO BE OVERLAPPING. THE
DIRECT INELASTIC SCATTERING CROSS SECTIONS_ WERE CA CULATED FOR
THE LEVELS AT 6.026, 6.286, 6.583, 6.751, 7.114, 7.466, 7.659,
8.099 AND 8.424 MEV, AND ADDED TO MT=91.
MT=16 (N,ZN&
THE CALCULATION FOR JENDL FUSION FILE WAS NOT ADOPTED. THIS
CROSS SECTION FOR JENDL-3.1 WAS EVALUATED ON_THE BASIS OF
EXPERIMENTAL DATA OF ARNORD ET AL./15/ THE THRESHOLD ENERGY
WAS SLIGHTLY MODIFIED FOR JENDL-3.2.
MT=22, 28 gN E ,NP%
ADOPTED FROM NDL FUSION FILE. THEORETICAL CALCULATION WAS
MADE WITH SINCROS-
MT=102 CAPTURE

CALCULATED WITH THE CASTHY CODE/16/ AND NORMALIZED TO 6.7 MB
AT 30 KEV. ABOVE 5.38 MEV, CROSS SECTIONS WERE DETERMINED
ON THE BASIS OF THE EXPERIMENTAL DATA/17,18/.

MT=103, 107, 111 SN B, (N,ZPg
CALCULATED WITH T E G AS E/19/ USING THE ABOVE MENTIONED
OPTICAL MODEL PARAMETERS. THE (N,P) CROSS SECTIONS WERE
NORMALIZED SO AS TO FIT TO THE EXPERIMENTAL DATA OF URECH AT
5.95 MEV/20/. THE EN,A CROSS SECTIONS WERE NORMALIZED TO THE
EXPERIMENTAL DATA O ARNES/21/ AT 14.1 MEV.

MT=251 MU-BAR
CALCULATED WITH THE OPTICAL MODEL.

M5‘4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
CﬁngLATED WITH THE CASTHY CODE/10/.

TAKEN FROM_JENDL FUSION FILE CALCULATED WITH THE CASTHY AND
DWUCKY IN THE SINCROS-I1 SYSTEM.

MT=16, 22, 28, 91
geg%gMFROM JENDL FUSION FILE, AND TRANSFORMED INTO THE LAB

M5T516ENE§GY DISETIBUTIONS OF SECONDARY NEUTRONS
geEEN FROM JENDL FUSION FILE, AND TRANSFORMED INTO THE LAB

MF=12
MT=4

MUL
MT= 102
RO

MT= 103

MT=

0 10N MULTIPLICITIES

PHOTO
(UP_TO
T% I .0 WAS GIVEN.
M

T
T
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107



CALCULATED WITH THE GNASH CODE/19/.

MF=13 PHOTON PRODUCTION CROSS SECTIONS
MT=3 (ABOVE 4.0
CALCULATED WITH T E GNASH CODE/19/.

MﬁTlﬁ 3PHSZON ANGULAR DISTRIBUTIONS
ASSUMED TO BE ISOTROPIC IN THE LABORATORY SYSTEM.

MF=15 CONTINUOUS PHOTON ENERGY SPECTRA
MT=3, 102, 103, 107
CALCULATED WiTH THE GNASH CODE/19/. CAPTURE GAMMA SPECTRAUM AT
THERMAL ENERGY WAS CALCULATED WITH CASTHY/10/.
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JENDL FUSION FILE 71/ AS OF NOV. 1993)

EVALUATED BY K.KOSAKO (NEDAC) AND S. CHIBA (NDC/JAERI)
COMPILED BY K.KOSAKO.

- THE INELASTIC SCATTERING CROSS SECTIONS AND ANGULAR
DISTRIBUTIONS OF INELASTICALLY SCATTERED NEUTRONS (EXCEPT
CONTINUUM INELASTIC) WERE CALCULATED WITH CASTHY2Y AND
DWUCKY IN SINCROS—I SYSTEM/Z/ INCLUDING CONTRIBUTIONS
FROM DIRECT REACTIO

- THE %N,ZN%, gN,NAE AND (N,NP) REACTION CROSS SECTIONS
§¥NER8§ %I, 8) WERE CALCULATED BY EGNASH2 IN THE

- ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE REPLACED
BY THOSE CALCULATED BY EGNASH2. THE DDX"S OF E
CONTINUUM NEUTRONS WERE CALCULATED BY KUMABE®S SYSTEMA-
TICS /3/ USING F15TOB /1/. THE PRECOMPOQUND/COMPOUND
RATIO WAS CALCULATED BY THE SINCROS-11 CODE SYSTEM

- THE RESONANCE PARAMETERS, TOTAL, CAPTURE, (N,P% AND (N,A)
CROSS SECTIONS AND ANG. DISTRIBUTIONS OF ELASTICA
SCATTERED NEUTRONS WERE TAKEN FROM JENDL-3.1.

- OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED IN
THE SINCROS-11 CALCULATION ARE DESCRIBED IN REF./2/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/4/.

1 GENERAL INFORMATION
=451 DESCR PTIVE DATA AND DICTIONARY

=2 RESONANCE PARAMETERS
T=151 RESOLVED RESONANCE PARAMETERS
RESOLVED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN THE ENERGY
REGION FROM 1.0E-5 EV TO 300 KEV. PARAMETERS WERE TAKEN FROM
THE RECOMMENDED DATA OF BNL/5/ AND THE DATA FOR A NEGATIVE
RESONANCE WERE ADDED SO AS TO REPRODUCE THE RECOMMENDED THERMAL
CROSS SECTIONS FOR CAPTURE AND SCATTERING/5/. THE SCATTERING
RADIUS WAS ASSUMED TO BE 3.6 FERMI. CALCULATED 2200 M/SEC
CROSS SECTIONS AND RESONANCE INTEGRALS ARE AS FOLLOWS:
2200 11/3 CROSS SECTION(B) RES. INTEGRAL(B)
ELASTIC
CAPTURE o 583 0.3762
TOTAL -905
3 NEUTRON CROSS SECTIONS

BELOW 300 KEV, ZERO BACKGROUND CROSS SECTION WAS GIVEN AND ALL
THE CROSS-SECTION DATA ARE REPRODUCED FROM THE EVALUATED
RESOLVED RESONANCE PARAMETERS WITH MLBW FORMULA.

FOR JENDL-3. 2, ALL CROSS SECTION DATA EXCEPT FOR THE TOTAL,
CAPTURE, (N,P) AND CROSS SECTIONS WERE ADOPTED FROM JENDL
FUSION FILE. THE CALCU ATION WAS MADE WITH SINCROS-11 SYSTEM
/2/ BY ADOPTING WALTER-GUSS OMP MODIFIED BY YAMAMURO/2/ FOR
NEUTRON, PEREY OMP /6/ FOR PROTON, LEMOS OMP MODIFIED BY ARTHUR
AND YOUNG/7/ FOR ALPHA, LOHR-HAEBERLI OMP/8/ FOR DEUTERON
BECCHETTII-GREENLEES OMP/9/ FOR TRITON AND HE-3, AND STANDARD
LEVEL DENSITY PARAMETERS OF SINCROS-I11 SYSTEM.

1 TOTAL

OPTICAL AND STATISTICAL MODEL CALCULATION WAS MADE WITH THE
CASTHY CODE/10/. THE OPTICAL POTENTIAL PARAMETERS USED ARE:

= 49.68, VSO = 7.12 MEV

WS = 7.76 - 0.5*EN, Wv =0 MEV
R=1.17, RS =1.09, RSO = 1.17 FM
A =0.6, ASO = 0.6, B =0.69 FM



THIS SET OF OMP WAS USED ALSO FOR CALCULATION OF THE CAPTURE,
(N,P), (N,A) CROSS SECTION AND ELASTIC ANG. DISTRIBUTIONS.

MT=2 ELASTIC SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.

MT=4, 51-60, 91 INELASTIC SCATTERING
THE CROSS SECTIONS WERE TAKEN FROM JENDL FUSION FILE. THE
LEVEL SCHEME WAS BASED ON REF./4/ CONTRIBUTIONS OF THE
DIRECT PROCESS WERE CALCULATED FOR THE LEVELS MARKED WITH ***
ggéXS/QEEORMATION PARAMETERS COMPILED BY RAMAN ET AL./11/ AND’
NO. EgEgGY(MEV) SPIg—PARITY (DIRECT PROCESS)
. +
1 1.5246 2 + *
2 1.8373 0 +
3 2.4236 2 + *
4 2.7523 4 + *
5 3.1893 6 + *
6 3.2539 4 +
7 3.3000 0 +
8 3.3910 2 +
9 3.4464 3 - *
10 3.6530 2 +
LEVELS ABOVE 3.653 MEV WERE ASSUMED TO BE OVERLAPPING.
MT=16, 22, 28 EN,ZNE, gN,NA%,EN,NPa
ADOPTED FROM JENDL FUSION FILE. THEORETICAL CALCULATION WAS
MADE WITH SINCROS-I11.
MT=102 CAPTURE
CALCULATED WITH THE CASTHY CODE/10/ AND NORMALIZED TO 12.6 MB

AT 45 KEV/13/.

MT=103, 107 SN 5N ,A)
CALCULATED WITH GNASH/14/-

MT=251 MU-BAR
CALCULATED WITH THE OPTICAL MODEL.

M5?42 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MT_géngLATED WITH THE CASTHY CODE/10/.
“TAKEN FROM_JENDL FUSION FILE. CALCULATED WITH THE CASTHY AND
DWUCKY IN THE SINCROS-I11 SYSTEM.

MT=16, 22, 28, 91
TAKEN FROM JENDL FUSION FILE, AND TRANSFORMED INTO THE LAB
SYSTEM.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=16, 22, 28, 91
geEEN FROM JENDL FUSION FILE, AND TRANSFORMED INTO THE LAB
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ILE 71/ AS OF NOV. 1993)
D BY K.KOSAKO (NEDAC) AND" S. CHIBA (NDC/JAERI)
BY K.KOSAKO.

SCATTERING CROSS SECTIONS AND ANGULAR
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A

-_—C O

S-11 SYSTEM/2/ INCLUDING CONTRIBUTIONS

S.
(N NA% AND (N,NP) REACTION CROSS
8) WERE CALCULATED BY EGNASH2

Zm=z=—> >=

O L=~ X = ==
MW =Z2"~\\~0

S OF SECONDARY NEUTRONS WERE REPLACED

ED BY EGNASH2. THE DDX"S OF THE

WERE CALCULATED BY KU "S SYSTEMA-

0B /1/. THE PRECOM

D BY THE SINCROS-11

ETERS, TOTAL, CAPT

ANG. DISTRIBUTIONS

ERE TAKEN FROM JE
|

—NAToAA =0
[am

-—»
rooO—Amnxoo

DENSITY AND OTH
LATION ARE DESCR
ETERMINED ON THE

1M M NZA<MOZU<XZ=Z= =>WU

r—HOVWO—TTOTHO=M=WN—TIOOTH
MIEIUOUILIT=Om=ZZMLOU=0=T
<mM—a>zZoOom—0O=Z=—m OmmocC=Z=wnm
NZrTOM=WCT

OO MMOXSNCOUUNWNNO=CCr—
TOZTOZWU ZU)e===

moo —X>x

=NOZ=Z00n=Z2 0=

Ml MMOOT=MOX00—
Ne=CZMITZCT=O Il ATDZMnNO

m

GENERAL INFORMATION
451 DESCR PTIVE DATA AND DICTIONARY

SONANCE PARAMETERS

RESOLVED RESONANCE PARAMETERS
VED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN THE ENERGY
N FROM 1.0E-5 EV TO 40 KEV. PARAMETERS WERE TAKEN FROM
EﬁOMMENDED DATA OF BNL/5/ AND THE DATA FOR A NEGATIVE
S

=

CE _WERE ADDED SO AS TO REPRODUCE THE RECOMMENDED THERMAL
ECTIONS FOR CAPTURE AND SCATTERING/5/. THE SCATTERING
S WAS ASSUMED TO BE 3.6 FERMI. CALCULATED 2200 M/SEC
SECTIONS AND RESONANCE INTEGRALS ARE AS FOLLOWS:

2200 MIEGSROSS SECTION(B) RES. INTEGRAL(B)

11.66 5.798
TOTAL 15.82

3 NEUTRON CROSS SECTIONS

BELOW 40 KEV, ZERO BACKGROUN
THE CROSS-SECTION DATA ARE R
RESOLVED RESONANCE PARAMETER

D
E
S
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0
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MT=1 TOTAL

OPTICAL AND STATISTICAL MODEL CALCULATION WAS MADE WITH THE
CASTHY CODE/10/. THE OPTICAL POTENTIAL PARAMETERS USED ARE:

= 49.68, VSO = 7.12 MEV

WS = 7.76 - 0.5*EN, Wv =0 MEV
R=1.17, RS =1.09, RSO = 1.17 FM
A =0.6, ASO = 0.6, B =0.69 FM



MT=2 ELASTIC SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.
MT=4, 51-58, 91 INELASTIC SCATTERING
THE CROSS SECTIONS WERE TAKEN FROM JENDL FUSION FILE. THE
LEVEL SCHEME WAS BASED ON REF./4/ CONTRIBUTIONS OF THE DIRECT
PROCESS WERE CALCULATED FOR THE LEVELS MARKED WITH "*® BY MEANS
OF DWUCKY.
NO. ENERGY (MEV) SPIN-PARITY (DIRECT PROCESS)
G.S. 0.0 7/2-
1 0.3728 5/2- *
2 0.5934 3/2- *
3 0.9903 3/2+ *
4 1.3946 5/2+ *
5 1.6778 11/2- *
6 1.9018 7/2+
7 1.9314 5/2-
8 1.9574 1/2+
LEVELS ABOVE 1.957 MEV WERE ASSUMED TO BE OVERLAPPING. DWUCK
CALCULATION WAS MADE FOR THE FOLLOWING LEVELS TOO, AND RESULTS
¥ﬁ$E9é§DED TO THE CONTINUUM INELASTIC SCATTERING CROSS SECTION
2.0462 3/2-
2.2490 9/2-
2.4098 9/2+

MT=16, 17, 22, 28  (N,2 % (N3, (N NAY, éN,NP)
ADOPTED FROM JENDL FUS LE. EORETICAL CALCULATION WAS
MADE WITH SINCROS-I1.

MT=102 CAPTURE
CALCULATED WITH THE CASTHY CODE/10/ AND NORMALIZED TO 22 MB
AT 45 KEV/11/.

MT=103, 107 S ,P), &N,A)
CALCULATED WITH THE GNASH CODE/12/ USING THE OPTICAL MODEL
PARAMETERS LISTED IN MT=1.

MT=251 MU-BAR
CALCULATED WITH THE OPTICAL MODEL.

M5=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MTEé&ngATED WITH THE CASTHY CODE/10/.
TAKEN FROM_JENDL FUSION FILE. CALCULATED WITH THE CASTHY AND
DWUCKY IN THE SINCROS-11 SYSTEM.

MT=16, 17, 22, 28, 91
g@g%EMFROM JENDL FUSION FILE, AND TRANSFORMED INTO THE LAB

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16, 17, 22, 28, 91
gegEN FROM JENDL FUSION FILE, AND TRANSFORMED INTO THE LAB

N,P
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JENDL FUSION FILE 71/ AS OF NOV. 1993)
EVALUATED BY K KOSAKO (NEDAC) AND S.CHIBA (NDC/JAERI)
COMPILED BY K.KOSAKO.

ATTERING CROSS SECTIONS AND ANGULAR
INELASTICALLY SCATTERED NEUTRONS (EXCEPT
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PARAMETERS

ﬁ RESONANCE PARAMETERS
E

E
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ETERS FOR MLBW FORMULA WERE GIVEN
0E-5 EV TO 500 KEV. PARAMETERS WE
D DATA OF BNL/5/ AND THE DATA FOR
ADDED SO AS TO REPRODUCE THE RECO
S FOR CAPTURE AND SCATTERING/5/. THE SC
S ASSUMED TO BE 3.6 FERMI. CALCULATED 2200 M
CTIONS AND RESONANCE INTEGRALS ARE AS FOLLOWS:

2200 g/gzgRoss SECTION(B) RES. INTEGRAL(B)

0.888 0.4254
TOTAL 4.208

3 NEUTRON CROSS SECTIONS
BELOW 500 KEV, ZERO BACKGROUND CROSS SECTION WAS GIVEN AND ALL
THE CROSS-SECTION DATA ARE REPRODUCED FROM THE EVALUATED

_—_=m=rxr0 O

E
A
1.
D
R
N

RESOLVED RESONANCE PARAMETERS WITH MLBW FORMULA.
FOR JENDL-3.2, ALL CROSS SECTION DATA EXCEPT FOR THE TOTAL,
CAPTURE, (N,P)_AND E CROSS SECTIONS WERE ADOPTED FROM JENDL
FUSION FILE. THE CALCU ATION WAS MADE WITH SINCROS-11 SYSTEM
/2/ BY ADOPTING WALTER-GUSS OMP MODIFIED BY YAMAMURO/2/ FOR
NEUTRON, PEREY OMP /6/ FOR PROTON, LEMOS OMP MODIFIED BY ARTHUR
AND YOUNG/7/ FOR ALPHA, LOHR-HAEBERLI OMP/8/ FOR DEUTERON,
BECCHETTII-GREENLEES OMP/9/ FOR TRITON AND HE-3, AND STANDARD
LEVEL DENSITY PARAMETERS OF SINCROS-11 SYSTEM
=1 TOTAL
OPTICAL AND STATISTICAL MODEL CALCULATION WAS MADE WITH THE
CASTHY CODE/10/. THE OPTICAL POTENTIAL PARAMETERS USED ARE:

V = 49.68, VSO = 7.12 MEV

WS = 7.76 - 0.5*EN, Wv =0 MEV

R =1.17, RS = 1.09, RSO = 1.17 FM)



A =0.6, ASO = 0.6, B =0.69 (FM)
MT=2 ELASTIC SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.
MT=4, 51-59, 91 INELASTIC SCATTERING
THE CROSS SECTIONS WERE TAKEN FROM JENDL FUSION FILE. THE
LEVEL SCHEME WAS BASED ON REF./4/ CONTRIBUTIONS OF THE DIRECT
PROCESS WERE CALCULATED FOR THE LEVELS MARKED WITH "*" BY MEANS
OF DWUCKY. DEFORMATION PARAMETERS WERE ADOPTED FROM RAMAN ET
AL./11/ AND SPEAR/12
NO. ENERGY(MEV) SPIg—PARITY (DIRECT PROCESS)
+
1 1.157 2 + *
2 1.8835 0 +
3 2.2831 4 + *
4 2.6565 2 + *
5 3.0443 4 + *
6 3.2849 5 +
7 3.3013 2 +
8 3.3079 3 - *
9 3.3572 2 +
LEVELS ABOVE 3.357 MEV WERE ASSUMED TO BE OVERLAPPING.
MT=16, 17, 22, 28 (N, ZN% gN ,3N), ﬁN NA% éN NP)
ADOPTED FROM JENDL FUSI N FILE. EORE AL CALCULATION WAS
MADE WITH SINCROS-1 THE (N,NP) CROSS SECTION WAS NORMALIZED
TO THE EXPERIMENTAL DATA OF IKEDA ET AL./13/
MT=102 CAPTURE
CALCULATED WITH THE CASTHY CODE/10/ AND NORMALIZED TO 7.1 MB
AT 45 KEV/14/.

MT=103, 107 gN,Pa, N,Aa
CALCULATED W1 E GNASH CODE/15/ USING THE SAME OPTICAL MODEL
PARAMETERS AS THE TOTAL CROSS SECTION.

MT=251 MU-BAR
CALCULATED WITH THE OPTICAL MODEL.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=2

MTCé&ngATED WITH THE CASTHY CODE/10/.
TAKEN FROM_JENDL FUSION FILE. CALCULATED WITH THE CASTHY AND
DWUCKY _IN THE SINCROS-11 SYSTEM.

MT=16, 17, 22, 28, 91
geg%gMFROM JENDL FUSION FILE, AND TRANSFORMED INTO THE LAB

M5T516ENE$GY28ISTRIBgTIONS OF SECONDARY NEUTRONS
g@gEN FROM JENDL FUSION FILE, AND TRANSFORMED INTO THE LAB
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MAT number = 2043
20-CA- 46 MITSUI E.S.EVAL-APR80 M.HATCHYA
STORY DIST-FEB84 REV2-NOV93

4 NEW EVALUATION WAS MADE BY M.HATCHYA (MITSUI).
1 ANG. DIST. WAS MODIFIED.
2 COMMENT WAS ADDED.
0 UNCHANGED FROM JENDL-2.
1 JENDL-3.2
DATA WERE MAINLY ADOPTED FROM JENDL FUSION FILE.
COMPILED BY T.NAKAGAWA

*kkkx MODIFIED PARTS FOR JEND - kkhkkhkkkhkkhkkhkkkhkhkkhkhkkhkhkkihkkikkh*k
3,2), (3,4) 3,16 3,17 , (3,28), (3,51-91
&LL %NGSLAR DI TRIBaTISNS E;CEST (5,2).) ( )

ALL ENERGY DISTRIBUTIONS.
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JENDL FUSION FILE 71/ AS OF NOV. 1993)
EVALUATED BY K KOSAKO (NEDAC) AND S.CHIBA (NDC/JAERI)
COMPILED BY K.KOSAKO.

ATTERING CROSS SECTIONS AND ANGULAR
INELASTICALLY SCATTERED NEUTRONS (EXCEPT

C) WERE CALCULATED WITH CASTHY2Y AND

II SYSTEM/Z/ INCLUDING CONTRIBUTIONS

N, A% AND (N,NP) REACTION CROSS
, 22 8) WERE CALCULATED BY EGNASH2

OF SECONDARY NEUTRONS WERE REPLACED
BY EGNASH2. THE DDX"S OF THE

RE CALCULATED BY KUMABE® YSTEMA-
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MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 NO RESONANCE PARAMETERS

2200-M/SEC CROSS SECTIONS AND CALCULATED RESONANCE INTEGRALS

200-M/SEC RES.INTEG.

ELASTIC 2.900 B

CAPTURE 0.7400 B 0.339 B

TOTAL 3.640 B -

MF=3 NEUTRON CROSS SECTIONS

THERMAL REGION WAS ASSUMED BELOW 1.0 KEV. THE CAPTURE AND
ELASTIC SCATTERING CROSS SECTIONS WERE ASSUMED TO BE 0.74 BARNS
/5/ AND 2.9 BARNS AT 0.0253 EV, RESPECTIVELY. THE TOTAL CROSS
SECTION WAS CALCULATED AS A SUM OF THESE TWO.
FOR JENDL-3.2, ABOVE 1 KEV, ALL CROSS-SECTION DATA EXCEPT FOR
THE TOTAL, CAPTURE (N,P) AND (N,AE CROSS SECTIONS WERE ADOPTED
FROM JENDL FUSION FILE. “THE CALCULATION WAS MADE WITH
SINCROS-11 SYSTEM/2/ BY ADOPTING WALTER-GUSS OMP MODIFIED BY
YAMAMURO/2/ FOR NEUTRON, PEREY OMP /6/ FOR PROTON, LEMOS OMP
MODIFIED BY ARTHUR AND YOUNG/7/ FOR ALPHA, LOHR-HAEBERLI OMP/8/
FOR DEUTERON, BECCHETTII-GREENLEES OMP/9/ FOR TRITON AND HE-3,
AND STANDARD LEVEL DENSITY PARAMETERS OF SINCROS-11 SYSTEM.

MT=1 TOTAL CROSS SECTION
THE OPTICAL MODEL CALCULATION WITH CASTHY /10/ WAS ADOPTED.

OPTICAL POTENTIAL PARAMETERS WERE TAKEN FROM REF./11/.
46.72 MEV

WS = 9.13 MEV),
VS0= 5.37 MEV),
RO = RSO = 1.26 FM),
RS = 1.39 FM),
A = ASO= 0.76 EM),
B =0.40 FM) .



IC SCATTERING CROSS SECTION
SHBTRACTING PARTIAL CROSS SECTIONS FROM THE TOTAL

LASTIC SCATTERING

ONS WERE TAKEN FRO
S BASED ON REF./4/
WERE CALCULATED FO
CKY. DEFORMATION

/ AND SPEAR/13/.

NERGY(MEV) SPIN-PARITY (DIRECT PROCESS)
+
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DOORNWAW
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+
LEVELS ABOVE 3. MEV WERE ASSUMED TO BE OVERLAPPING.
MT=16, 17, 22, (N, ZN% gN ,3N), SN NA% éN NP)
ADOPTED FROM JENDL FUSI N FILE. EORE AL CALCULATION WAS
MADE WITH SINCROS-11

MT=102 CAPTURE CROSS SEC
CALCULATED WITH CASTHY

TION
/10/.
MT=103,107 (N,P) AND N,ALPHA%
ILIBR
ETERS

CROSS SECTIONS
STATISTICAL AND PRE-EQU UM MODEL CALCULATIONS USING THE
OPTICAL POTENTIAL PARAM FOR THE TOTAL CROSS SECTION.

MT=251 MU-BAR
CALCULATED WITH OPTICAL MODEL.

M5$42 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MTagIIgéL MODEL CALCULATION
TAKEN FROM_JENDL FUSION FILE. CALCULATED WITH THE CASTHY AND
DWUCKY IN THE SINCROS-I11 SYSTEM.

MT=16, 17, 22, 28, 91
g@éEN FROM JENDL FUSION FILE, AND TRANSFORMED INTO THE LAB

M5T516ENE$GY22ISTRIBgTIONS OF SECONDARY NEUTRONS
g@é;ngROM JENDL FUSION FILE, AND TRANSFORMED INTO THE LAB
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MAT number = 2049
20-CA- 48 DEC EVAL-MAR87 M.HATCHYA(DATA ENG. CO.)
DIST-SEP89 REV2-NOV9
HISTORY
87-03 gEﬁAEVALUATION WAS MADE TO GIVE A FULL REVISION FOR JENDL-2
87-03 COMPILED BY T.ASAMI(NEDAC)
93-11 JENDL-3.2

DATA WERE MAINLY ADOPTED FROM JENDL FUSION FILE.
COMPILED BY T.NAKAGAWA

*khkkk*k MODIFIED PARTS FOR JENDL_3_2 *Ahkkhkhkhkhkhkhkhkhkhkhhkhhkhkhkhkhkx
é%’%%é (3,2), (3,4), (3,16), (3,17), (3,28), (3,51-91),

§ ,22), §3:53—58%: DELETED
ALL ANGULAR DISTRIBUTIONS EXCEPT FOR (4,2).
ALL ENERGY DISTRIBUTIONS.
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MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS
RESOLVED RESONANCE PARAMETERS

LVED PARAMETERS FOR MLBW FORMULA WERE GIVEN
ON FROM 1.0E-5 EV TO 500 KEV. PARAMETERS WE
RECOMMENDED DATA OF BNL/5/ AND THE DATA FOR
ONANCE _WERE ADDED SO AS TO REPRODUCE THE RECO
SS SECTIONS FOR CAPTURE AND SCATTERING/S5/. T
1US WAS ASSUMED TO BE 3.6 FERMI. CALCULATED
CROSS SECTIONS AND RESONANCE INTEGRALS ARE AS FOLLOWS:

2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)
ELASTIC 3.717

CAPTURE 1.092 0.4859

TOTAL 4.809

MF=3 NEUTRON CROSS SECTIONS

BELOW 500 KEV, ZERO BACKGROUND CROSS SECTION WAS GIVEN AND ALL
THE CROSS-SECTION DATA ARE REPRODUCED FROM THE EVALUATED
RESOLVED RESONANCE PARAMETERS WITH MLBW FORMULA.
FOR_JENDL-3.2, ALL CROSS-SECTION DATA EXCEPT FOR THE TOTAL,
CAPTURE, (N,P) AND (N,A) CROSS SECTIONS WERE ADOPTED FROM JENDL
FUSION FILE. THE CALCULATION WAS MADE WITH SINCROS-11 SYSTEM
/2/ BY ADOPTING WALTER-GUSS OMP MODIFIED BY YAMAMURO/2/ FOR
NEUTRON, PEREY OMP /6/ FOR PROTON, LEMOS OMP MODIFIED BY ARTHUR
AND YOUNG/7/ FOR ALPHA, LOHR-HAEBERLI OMP/8/ FOR DEUTERON,
BECCHETTII-GREENLEES OMP/9/ FOR TRITON AND HE-3, AND STANDARD
LEVEL DENSITY PARAMETERS OF SINCROS-11 SYSTEM.
MT=1 TOTAL

OPTICAL AND STATISTICAL MODEL CALCULATION WAS MADE WITH THE
CASTHY CODE/10/. THE OPTICAL POTENTIAL PARAMETERS USED ARE:

V = 49.68, VSO = 7.12 MEV

WS = 7.76 - 0.5*EN, Wv =0 MEV



R =1.17, RS = 1.09, RSO =1.17 FM
A =0.6, ASO = 0.6, = 0.69 FM
THE SHAPE OF THE TOTAL CROSS SECTION WAS SLIG MODIFIED
FOR JENDL-3.2.
MT=2 ELASTIC SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.
MT=4, 51-52, 91 INELASTIC SCATTERING
THE CROSS SECTIONS WERE TAKEN FROM JENDL FUSION FILE. THE
LEVEL SCHEME WAS BASED ON REF./4/ CONTRIBUTIONS OF THE DIRECT
PROCESS WERE CALCULATED FOR THE LEVELS MARKED WITH "*" BY MEANS
OF DWUCKY. DEFORMATION PARAMETERS WERE ADOPTED FROM RAMAN ET
AL./11/ AND SPEAR/12/.
NO. EgEgGY(MEV) SPIg—PARITY (DIRECT PROCESS)
. +
1 3.8317 2 + *
2 4.2842 0 +
LEVELS ABOVE 4.284 MEV WERE ASSUMED TO BE OVERLAPPING. THE
LEVELS FOR MTS=53 TO 58 GIVEN IN JENDL-3.1 WERE NOT CONSIDERED
IN JENDL FUSION FILE. THE DIRECT INELSTIC CROSS SECTION TO THE
LEVELS AT 4.507 MEV WAS CALCULATED WITH DWUCKY AND ADDED TO THE
CONTINUUM INELASTIC CROSS SECTION (MT=91).
MT=16, 17, 28 EN ZNE, gN N%, (N,NP%
ADOPTED FROM JENDL FUS FILE. THEORETICAL CALCULATION WAS
MADE WITH SINCROS-11. THE (N, 2N) CROSS SECTION WAS NORMALIZED
&EV;HE EXPERIMENTAL DATA OF IKEDA ET AL./13/ (0.759 B AT 13.99
MT=103, 1

07 N,P), (N,A
CALCULATED $ aE gNAS& CODE/14/ USING THE OPTICAL MODEL
PARAMETERS LISTED AT MT=1. THE P% CROSS SECTIONS WERE
NORMALI1ZED TO THE EXPERIMENTAL DATA F TIWARI ET AL./15/ AT
14.5 MEV. THE SHAPE OF (N,P CROSS SECTION AROUND THE THRESHOLD
ENERGY WAS CHANGED FOR JEND

MT=102 CAPTURE
CALCULATED WITH THE CASTHY CODE/10/ AND NORMALIZED TO 1.05 MB
AT 30 KEV/16/.

MT=251 MU-BAR
CALCULATED WITH THE OPTICAL MODEL.
M5=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MTEé&CgEATED WITH THE CASTHY CODE/10/.
TAKEN FROM_JENDL FUSION FILE. CALCULATED WITH THE CASTHY AND
DWUCKY IN THE SINCROS-11 SYSTEM.

MT=16, 17, 28, 91
geéEN FROM JENDL FUSION FILE, AND TRANSFORMED INTO THE LAB

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16, 17, 28, 91
g@é%EMFROM JENDL FUSION FILE, AND TRANSFORMED INTO THE LAB

REFERENCES

CHIBA, S. ET AL.: JAERI-M 92-027, P.35 (1992).
YAMAMURO, N.: JAERI-M 90-006 (1990).

KUMABE, i. ET AL.: NUCL. SCI. ENG., 104, 280 (1
ENSDF: 'EVALUATED NUCLEAR STRUCTURE DATA FILE, E

MUGHABGHAB S.F. AND GARBER D.I. :"NEUTRON CROS

EF

1

2

3

4

5
VOL. 1, PART $1984E

6) PEREY, F.G.: PHYS V., 131, 745 1963%

7 ARTHUR, E.D. AND YOUNG .G.: LA-8626-MS (1980).

8) LOHR, J.M. AND HAEBERL .- NUCL PHYS., A232, 381 81974).

9 EENLEES G.W.: "POLARIZATION

F.D. JR.
OMENA iN NUCL. REACTI ," UNIV. WISCONSIN PRESS, P.682

ASI S AND FUKAHORI T.: JAERI 1321 (1991).
, S., ET AL.: ATOM. DATA AND NUCL. DATA TABLES 36, 1

~T
[ond
m
(@}
(@)
T
m
—
—
O—u
OCDE'U
=20

R, R.H.: ATOM. DATA AND NUCL. DATA TABLE, 42, 55 (1989).
AY. ET AL.: JAERI 1312 (19883

G G AND ARTHUR E.D. : LA-6947

RI .N. ET AL. : PHYS. REV. 167, 1091 (1968)

RPRRE P
GRWN RO



16) CARTON R.F. ET AL.: NUCL. PHYS., A465, 274 (1987).



MAT number =
21-SC- 45 KH EVAL-AUG88 T.WATANABE

DIST-SEP89 REV2-SEP93
HISTORY

88-08 JENDL-2 MODIFIED BY T.WATANABE
(KAWASAKIT HEAVY INDUSTRIES, LTD.)
93-09 JENDL-3.2.

COMPILED BY T.NAKAGAWA (NDC/JAERI)

*kkkx MODIFIED PARTS FOR JENDL 3 2 kkhkkhkkhkhkkhkkhkhkkhkhkkhkhkkhhkkhkki*k
22 ,151) 2 PARAMETERS OF 3.295-KEV RESONANCE

**)f**g**************************************************

%125

MF=1 GENERAL FORMATION
MT=451 SCR TIVE DATA AND DICTIONARY

MF=2
MT=151 RESONANCE PARAMETERS : 1.0E-5 EV - 100 KEV
RESOLVED RESONANCES FOR MLBW FORMULA:

PARAMETERS WERE EVALUATED BASED ON EXPERIMENTAL DATA
/1/,/2/,/3/ AND MODIFIED TO REPRODUCE EXPERIMENTAL
TOTAL CROSS SECTIONS. NEGATIVE ENERGY LEVELS WERE ADDED
TO REPRODUCE THE TOTAL AND CAPTURE CROSS SECTIONS/4/ AT
THERMAL AND THE TOTAL CROSS SECTION /5/ AT 2 KEV. FOR
JENDL-3.2, CAPTURE WIDTH OF 3.295-KEV RESONANCE WAS
CHANGED TO 0.71 EV/4/.

CALCULATED 2200 M/S CROSS SECTIONS AND RESONANCE INTEGRALS
2200 M/SEC RES. INTEG.

ELASTIC 22.48 B -
CAPTURE 27.14 B 11.85 B
TOTAL 49.62 B :

MF=3 NEUTRON CROSS SECTIONS : ABOVE 100 KEV

MT=1,2,4,51-74,91,102 TOTAL, ELASTIC, INELASTIC AND CAPTURE

CALCULATED WITH OPTiCAL AND STATISTICAL MODEL. DIRECT
INELASTIC REACTION CROSS SECTIONS WERE EVALUATED WITH
DWBA 76/ AND ADDED TO COMPOUND PROCESSES. STATISTICAL
MODEL CALCULATION WITH CASTHY CODE /7/ WAS PERFORMED.
MT=102 CAPTURE CROSS SECTION WAS NORMALIZED TO THE
EXPERIMENTAL DATA OF VOIGNIER+/8/, 11.2 MB AT 500 KEV
DIRECT CAPTURE CROSS SECTION WAS CALCULATED FROM A
SIMPLE FORMULA OF BENZI AND REFF0/9/ AND NORMALIZED TO
1.0 MB AT 14.0 MEV.

THE_SPHERICAL OPTICAL POTENTIAL PARAMETERS WERE EVALUATED
TO REPRODUCE TOTAL EXPERIMENTAL CROSS SECTIONS
/10,11,12/.

V ="56.2 - 0.3244*EN MEV RO= 1.155 FM AO= 0.666 FM
WS= 8.638-0.003093*EN MEV RS= 1.473 FM B = 0.262 FM
VS0=5.254 MEV RS0=1.003 FM AS0=0.485 FM
THE LEVEL SCHENE TAKEN FRON REF./13/:

NO . ENERGY(MEV) ~ SPIN-PARITY BETA
G.S 0.0 7/2-

1 0.012396 3/2+

2 0.37659 3/2- 0.108

3 0.543 5/2+

4 0.72017 5/2- 0.0867

5 0.9392 1/2+ 0.0211

6 0.97461 7/2+

7 1.0672 3/2- 0.0586

8 1.23723 11/2- 0.143

9 1.30342 3/2+

10 1.40887 7/2-

11 1.43367 9/2+

12 1.5564 3/2-

13 1.66231 9/2- 0.0843

14 1.8004 5/2+

CONTINUUM LEVELS ASSUMED ABOVE 1.9 ME
LEVEL DENSTTY PARANETERS WERE EVALUATED USING D0/4/,
AND LEVEL DATA /13/.

A T EX SIG**Z(O)
21-SC-45  7.855 1.282 10.08 7.60
21-SC-46  7.231 1.268 7.328 7867

MT=16 (N, 2N)
THE” JENDL-2 DATA WERE MODIFIED BY USING EXPERIMENTAL
DATA /147.

MT=103 (N,P)



TAKEN FROM COMPILATION BY ALLEY AND LESSLER /15/
MT=107 (N,ALPHA
SAME AS MT=103, BUT SLIGHTLY MODIFIED TO REPRODUCE
EXPERIMENTAL DATA/14/.
MT=251 MU-BAR
CALCULATED FROM THE DATA IN MF=4.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=2 CALCULATED WITH OPTICAL MODE
MT=51-91 CALCULATED WITH HAUSER- FESHBACH FORMULA ADDED WITH
DIRECT REACTION.
MT=16 ISOTROPIC IN THE LABORATORY SYSTEM
MF=5 NERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
CALCULATED WITH SINCROS /16/.

REFERENCES
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WERE MAINLY ADOPTED FROM JENDL FUSION FILE.

A-RAY PRODUCTION DATA WERE REVISED BY T.ASAMI(DATA ENG.)
ILED BY T.NAKAGA
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MF=1 GENERAL FORMATION
MT=451 DESCR TIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS

MT=151 RESOLVED RESONANCE PARAMETERS
RESOLVED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN THE ENERGY
REGION FROM 1.0E-5 EV TO 100 KEV. PARAMETERS WERE CONSTRUCTED
WITH THE EVALUATED DATA FOR TI1-46, -47, -48, -49 AND -50 OF TI
STABLE ISOTOPES, CONSIDERING THEIR ABUNDANCES IN THE TI
ELEMENT. THE ABUNDANCE DATA WERE TAKEN FROM REF./5/.

2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)
ELASTIC .087
CAPTURE 6092 2.92
TOTAL 10.18

MF=3 NEUTRON CROSS SECTIONS
BELOW 100 KEV, NO BACKGROUND CROSS SECTION WAS GIVEN.
ALL THE CROSS-SECTION DATA WERE DEDUCED FROM THE EVALUATED ONES
FOR FIVE STABLE ISOTOPES OF TI CONSIDERING THEIR ABUNDANCES IN
E E I ELEMENT, EXCEPT FOR THE TOTAL CROSS SECTONS IN THE

=
—

—A=———1

E

L

OR F

HE T

NERGY RANGE ABOVE 100 KEV.

1 TOTAL

HE DATA AT THE ENERGIES ABOVE 100 KEV WERE EVALUATED BASED ON
: EXPERIMENTAL ONES/6,7,8/, FOLLOWING FINE STRUCTURES 1IN

E
I.

MEASURED CROSS SECTIONS. THE DATA IN THE OTHER ENERGY RANGE
E CONSTRUCTED FROM THE EVALUATED ONES FOR FIVE ISOTOPES OF

mmim

IC SCATTERING
BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
TOTAL CROSS SECTION.

, 91 INELASTIC SCATTERING
ECTIONS WERE TAKEN FROM_ JENDL
E g@s BASED ON REF./4/ THE DI



GME LEVE% ENERGY(MEV) TI-46 TI-47 TI1-48 TI1-49 TI-50
51 0.1594 51

52 0.8893 51

53 0.9835 51

54 1.2521 52,53

55 1.3818 51

56 1.4442 54

57 1.5421 55 52

58 1.5538 51
59 1.5860 53,54

60 1.7235 57,58 55,56

61 2.0098 52

62 2.1630 59,60

63 2.2595 1 57

64 2.2956 62 52

65 2.3440 63,64

66 2.4062 65,66 53 58

67 2.5044 59-62

68 2.6112 53 63 52
69 2.7201 64,65

70 2.9620 54

71 3.0585 55

72 3.1682 56 53
73 3.2133 57,58 55,56

74 3.2990 59

75 3.3332 57-59

76 3.5085 60

77 3.6168 61,62

78 3.6994 63,64

79 3.7386 65

80 3.7710 66 54
81 3.8028 67

82 3.8522 68 55
83 3.97438 56
84 4.1473 57
85 4.1718 58,59
86 4.3110 60
87 4.4105 61
THE THRESHOLD ENERGY FOR THE CONTINUUM OF INELASTIC SCATTERING
WAS SET TO BE 2.416 MEV.

MT=16, 22, 28, 103 (N,ZNg, SN,NAE , (N,NP), $ E

ADOPTED FROM JENDL FUSI FIL THEORETICAL CALCULATION WAS
MADE FOR EACH ISOTOPE WITH SINCROS-I11. THE RESULTS WERE
NORMALIZED TO EXPERIMENTAL DATA (SEE COMMENT OF EACH ISOTOPE) .

MT=102 CAPTURE
COMPOSED FROM THE 1SOTOPIC DATA CALCULATED WITH THE CASTHY
CODE/9/. Q-VALUE IS A MEAN VALUE OF THOSE OF ISOTOPES.

07 gN,A)
COMPOSED FROM’THE 1SOTOPIC DATA.

=251 MU-BAR
CALCULATED BASED ON OPTICAL MODEL.

M5$42 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT_géngLATED WITH THE CASTHY CODE/9/.

“TAKEN FROM JENDL FUSION FILE_WHICH WAS CONSTRUCTED FROM THE
ISOTOPIC DATA BY SUMMING UP THE DATA AS SHOWN IN THE TABLE OF
INELASTIC SCATTERING CROSS SECTIONS.

MT=16, 22, 28, 91
TAKEN FROM’ JENDL FUSION FILE.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16, 22, 28, 91
TAKEN FROM JENDL FUSION FILE.

MF=12 PHOTON PRODUCTION MULTIPLICITIES
MT=102 (BELOW 2.5 ME
FROM ENERGY BALANC

MF=13 PHOTON PRODUCTION CROSS SECTIONS
MT=3 (ABOVE 2.5 MEva
BASED ON THE CLCULATION WITH THE GNASH CODE/10/, AND THE
_WEASUREWENTS BY NORGAN ET AL. /11/
4 (BELOW 2.5
~CALCULATED PRON CANMA-RAY TRANSITION PROBABILITIES AND CROSS



SECTIONS OF ISOTOPES.

M&;lg ZHOISQ ANGULAR DISTRIBUTIONS
“ASSUMED TO BE ISOTROPIC IN THE LABORATORY SYSTEM.

MF=15 CONTINUOUS PHOTON ENERGY SPECTRA

MT=3 (ABOVE 2.5 MEV%
CALCULATED WITH THE GNASH CODE/10/.

MT=102 (BELOW 2.5 MEV
CALCULATED WITH THE GNASH CODE/10/ EXCEPT FOR THERMAL WHERE
THE SPECTRA WERE CALCULATED WITH CASTHY/9/.

REFERENCES
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SCHWARZ " : NBS-MONO-138 §1974).

[GARAST . AND FUKAHORT, "T.% JAERI 1321 (1991).
YOUNG, P.G. AND ARTHUR, E.D.: LA-6947 (1977)
MORGAN, G.L.: ORNL/TM-6323 (1978).
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1) CHIBA, S. ET AL.: JAERI-M 92-027, P.35 (1992).

2) YAMAMURO, N.: JAERI-M 90-006 (1990).

3) KUMABE, I. ET AL.: NUCL. SCI. ENG., 104, 280 (1990&.

4) ENSDF: EVALUATED NUCLEAR STRUCTURE DATA FILE, BNL/NNDC.

5) HOLDEN, N.E., MARTIN, R.L. AND BARNES, I.L.: PURE & APPL.
CHEM. 56, 675 (1984&.

6) FOSTER, JR., D.G. AND GLASGOW D.W.: PHYS. REV. C3,576 (1971).

g BARNARD . ET AL.: CEA-R-4524 (1973).
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T number = 2225

2-Tl- 46 KUR EVAL-SEP88 K.KOBAYASHI(KUR),H_.HASHIKURA(TOK)
DIST-SEP89 REV2-NOV93

STORY

-09 COMPILED BY T.ASAMI(NEDAC)

-11 JENDL-3.2

DATA WERE ADOPTED FROM JENDL FUSION FILE.
COMPILED BY T.NAKAGAWA

*kkkx MODIFIED PARTS FOR JENDL 3 kkhkkhkkhkhkkhkkhkhkkhkhkkhkhkkhhkkhkki*k
ALL CROSS SECTIONS EXCEPT ES 1 §3 ,102) AND (3,107)

ALL ANGULAR DISTRIBUTIONS EXCEPT FOR (4,2).

ALL ENERGY DISTRIBUTIONS.
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JENDL FUSION FILE /1/ AS OF NOV. 1993)
E UATED BY K KOSAKO (NEDAC) AND S. CHIBA (NDC/JAERI)
| BY K.KOSAKO.

ATTERING CROSS SECTIONS AND ANGULAR
INELASTICALLY SCATTERED NEUTRONS (EXCEPT
IC) WERE CALCULATED WITH CASTHY2Y AND

IT SYSTEM/2/ INCLUDING CONTRIBUTIONS

NS.
(N,NP) AND EN ,P) REACTION CROSS
, 28, 103) WERE CALCULATED BY EGNASH2

F SECONDARY NEUTRONS WERE REPLACED
EGNASH2. THE DDX"S OF THE

E CALCULATED BY KUMABE®'S SYSTEMA-
/1/. THE PRECOMPOUND/COMPOUND

EST SINCROS-11 CODE SYSTEM
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M
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ENERAL INFORMATION
DESCRIPTIVE DATA AND DICTIONARY

G
1
RESONANCE PARAMETERS

1 RESOLVED RESONANCE PARAMETERS
SOLVED PARAMETERS FOR MLBW FORMULA WER
GION FROM 1.0E-5 EV TO 180 KEV. PARAM
g./5/, FOR POSI¥IVE RESONANCES. PARAM
R
.7
G
E.
T

20 20
m=

BOTH SCATTERING AND CAPTURE GAVE THE
8+-0.24 AND 0.59+-0.18 BARN, RESPECTI
RADIUS WAS ASSUMED TO BE 4.5 FERMI |1
/5/. CALCULATED 2200 M/SEC CROSS SE
EGRALS ARE AS FOLLOWS:

2200 /3 CROSS SECTION(B) RES. INTEGRAL(B)
ELASTIC 75

CAPTURE O 596 0.35
TOTAL 3.34

3 NEUTRON CROSS SECTIONS
BELOW 180 KEV, NO BACKGROUND CROSS SECTION WAS GIVEN.

E
E
ONANCE WERE OBTAINED SO THAT THE REPRO
v
N
C

FOR JENDL-3.2, ALL CROSS SECTION DATA EXCEPT FOR THE TOTAL,
CAPTURE _AND &N A& WERE ADOPTED FROM JENDL FUSION FILE. THE
CALCULATION WAS MADE WITH SINCROS-11 SYSTEM/2/ BY ADOPTING
WALTER-GUSS OMP MODIFIED BY YAMAMURO/2/ FOR NEUTRON, PEREY OMP
/6/ FOR PROTON, LEMOS OMP MODIFIED BY ARTHUR AND YOUNG/7/
FOR ALPHA, LOHR-HAEBERLI OMP/8/ FOR DEUTERON, BECCHETTII-
GREENLEES OMP/9/ FOR TRITON AND HE-3, AND STANDARD LEVEL
DENSITY PARAMETERS OF SINCROS-11 SYSTEM.
T=1 TOTAL
OPTICAL AND STATISTICAL MODEL CALCULATION WAS MADE WITH THE
CASTHY CODE/10/. THE OPTICAL POTENTIAL PARAMETERS USED ARE
V = 50.75 - 0.120*EN, VSO = 4.72 MEV
WS = 10.9 - 0.234*EN, Wv = 0.0 MEV
R =1.26, RS = 1.02, RSO = 1.16 gFM
A =0.52, ASO = 0.52, B = 0.40 FM

T=2 ELASTIC SCATTERING



OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.

MT=4, 51-59, 91 INELASTIC SCATTERING

THE CROSS SECTIONS WERE TAKEN FROM JENDL FUSION FILE. THE
LEVEL SCHEME WAS BASED ON REF./4/ CONTRIBUTIONS OF THE DIRECT
PROCESS WERE CALCULATED FOR THE LEVELS MARKED WITH "**® USING
DEFORMATION PARAMETERS COMPILED BY RAMAN ET AL./11/ AND
SPEAR/12/.

NO. ENERGY (MEV) SPIN-PARITY (DIRECT PROCESS)

G.S. 0.0 0+

1 0.8893 2+ *

2 2.0098 4+ *

3 2.6112 0+

4 2.962 2+ *

5 3.0585 3- *

6 3.1682 1-

7 3.2133 0+

8 3.2358 2+ *

9 3.299 6+
LEVELS ABOVE 3.299 MEV WERE ASSUMED TO BE OVERLAPPING.

MT=16, 22, 28, 103 SN,ZNg &N E , (N,N % $

ADOPTED FROM JENDL FUSION FIL THEORETICAL CALCULATION WAS
MADE WITH SINCROS-11. THE RESULTS WERE NORMALIZED TO

N,2N) 0.0549 B AT 15.01 MEV MEASURED BY IKEDA ET AL./13/
N,P) 0.210 B AT 14.91 MEV MEASURED BY IKEDA ET AL./13/

MT=102 CAPTURE
g#ngLQEED WITH THE CASTHY CODE/10/ AND NORMALIZED TO 26.9 MB

MT=107 (N, A
CALCULATED WITH GNASH CODE/14/.

=251 MU-BAR
CALCULATED WITH OPTICAL MODEL.

M5$42 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
"CALCULATED WITH THE CASTHY CODE/10/

MT=16, 22, 28, 51-59, 91
TAKEN FROM JENDL FUSTON FILE. THE DATA OF MT=16, 22, 28 AND
91 WERE TRANSFORMED INTO THE LAB SYSTEM.

M5T516ENE§GY DISTS{BUTIONS OF SECONDARY NEUTRONS
TAKEN FROM JENDL FUSION FILE. THE DATA WERE TRANSFORMED INTO
THE LAB SYSTEM.
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3) KUMABE, i. ET AL.: NUCL. SCI. ENG., 104, 280 (1990&.

4) ENSDF: EVALUATED NUCLEAR STRUCTURE 'DATA FILE, BNL/NNDC.

5) MUGHABGHAB, S.F. ET AL. : "™ NEUTRON CROSS SECTIONS ", VOL.1,
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2-Tl- 47 KUR EVAL-SEP88 K.KOBAYASHI(KUR),H.HASHIKURA(TOK)
s DIST-SEP89 REV2-DEC93

HIST
88-09 COMPILED BY T.ASAMI(NEDAC)
93-12 JENDL-3.2

DATA WERE ADOPTED FROM JENDL FUSION FILE.
COMPILED BY T.NAKAGAWA

*kkkx MODIFIED PARTS FOR JENDL 3 kkhkkhkkhkhkkhkkhkhkkhkhkkhkhkkhhkkhkki*k
ALL CROSS SECTIONS EXCEPT ES 1 §3 ,102) AND (3,107)

ALL ANGULAR DISTRIBUTIONS EXCEPT FOR (4,2).

ALL ENERGY DISTRIBUTIONS.
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N FROM 1.0E-5 EV TO 100 KEV. PARAMETERS WERE TAKEN FROM
5/, FOR POSITIVE RESONANCES. PARAMETERS FOR NEGATIVE

JENDL FUSION FILE /1/ (AS OF DEC. 1993)

EVALUATED BY' K. KOSAKO (NEDAC) AND”S. CHIBA (NDC/JAERI)
COMPILED BY K.KOSAKO.

- THE_INELASTIC SCATTERING CROSS SECTIONS AND ANGULAR
DISTRIBUTIONS OF INELASTICALLY SCATTERED NEUTRONS (EXCEPT
CONTINUUM INELASTIC) WERE CALCULATED WITH CASTHY2Y AND
DWUCKY TN SINCROS- 11 SYSTEM/2/ INCLUDING CONTRIBUTIONS
FROM DIRECT REACTIONS.

- THE (N,2N), (N,NA%, (N,NP) AND EN ,P) REACTION CROSS
SECTIONS ﬁMTzle, 2, 28, 103) WERE CALCULATED BY EGNASH2
IN THE SINCROS-il.

- ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE REPLACED
BY THOSE CALCULATED BY EGNASH2. THE DDX"S OF THE
CONTINUUM NEUTRONS WERE CALCULATED BY KUMABE"S SYSTEMA-
TICS /3/ USING F15TOB /1/. THE PRECOMPOUND/COMPOUND
RATIO WAS CALCULATED BY THE SINCROS-I1 CODE SYSTEM

- [HE RESONANCE PARANETERS, TOTAL, CAPTURE AND (N A) CROSS
SECTIONS AND ANG. DISTRIBUTIONS OF ELASTICALLY SCATTERED
NEUTRONS WERE TAKEN FROM JENDL-3.1.

- OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED IN
THE SINCROS-Ii CALCULATION ARE DESCRIBED IN REF./2/.

LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/4/.
F=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY
F=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS
OLVED PARAWETERS FOR WLBII FORNULA WERE GIVEN IN THE ENERGY

ANCE WERE OBTAINED SO THAT THE REPRODUCED CROSS SECTIONS
OTH SCATTERING AND CAPTURE GAVE THE 2200 M/S VALUES OF
0.2 AND 1.7+-0.2 BARNS, RESPECTIVELY/5/. THE SCATTERING
S WAS ASSUMED TO BE 4.5 FERMI INSTEAD OF 3.6 FERMI IN
gﬁ. CALCULATED 2200 M/SEC CROSS SECTIONS AND RESONANCE

EGRALS ARE AS FOLLOWS:
2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)
ELASTIC 3.10
CAPTURE 1.70 1.44
TOTAL 4.80

MF=3 NEUTRON CROSS SECTIONS
BELOW 100 KEV, NO BACKGROUND CROSS SECTION WAS GIVEN.

FOR JENDL-3.2, ALL CROSS-SECTION DATA EXCEPT FOR THE TOTAL,
CAPTURE_AN N,A& WERE ADOPTED FROM JENDL FUSION FILE. THE
CALCULATIO AS MADE WITH SINCROS-11 SYSTEM/2/ BY ADOPTING
WALTER-GUS MP MODIFIED BY YAMAMURO/2/ FOR NEUTRON, PEREY OMP
/6/ FOR PR N, LEMO P MODIFIED BY ARTHUR AND YOUNG/7/ FOR
ALPHA, LOHR-HA 8/ FOR DEUTERON, BECCHETTII-GREENLEES
OMP/9/ FOR TRI 3, AND STANDARD LEVEL DENSITY
PARAMETERS OF S EM.

MT=1 TOTAL
OPTICAL AND STATISTICAL MODEL CALCUL
CASTHE ODE/10/. THE OPTICAL POTENTI

5
v
S0
0TO
R-

w—me
I\

ON WAS MADE WITH
PARAMETERS USED ARE:
50.75 - 0.120*EN, VSO 2 MEV
WS 10.9 - 0.234*EN, wyv
R 1.26, RS 6
A 0.52, ASO 0

1.02, RSO
MT=2 ELASTIC SCATTERING

i mno

0.52, B



OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.

MT=4, 51-66, 91 INELASTIC SCATTERING
THE CROSS SECTIONS WERE TAKEN FROM JENDL FUSION FILE. THE
LEVEL SCHEME WAS BASED ON REF./4/ CONTRIBUTIONS OF THE
DIRECT PROCESS WERE CALCULATED FOR THE LEVELS MARKED WITH *"*".
NO. ENERGY (MEV) SPIN-PARITY (DIRECT PROCESS)
G.S. 0.0 5/2 -
1 0.1594 7/2 - *
2 1.2521 9/2 - *
3 1.254 1/2 -
4 1.4442 1172 - *
5 1.5499 3/2 - *
6 1.67 1/2 -
7 1.7941 1/2 - *
8 1.825 3/2 +
9 2.163 3/2 - *
10 2.1667 5/2 +
11 2.2595 5/2 +
12 2.2971 3/2 -
13 2.344 5/2 +
14 2.3649 1/2 +
15 2.4062 5/2 -
16 2.4163 1/2 -
LEVELS ABOVE 2.416 MEV WERE ASSUMED TO BE OVERLAPPING.

MT=16, 22, 28, 103 (N,2N), SN NAE , (N,N % $ E
ADOPTED_FROM JENDL FUSION FIL THEORETICAL CALCULATION WAS
MADE WITH SINCROS-11. THE RESULTS WERE NORMALIZED TO
(N, B 0.200 B AT 14.9 MEV SYSTEMATICS BY KASUGAI/11/
(N,NP)+(N,D) 0.080 B AT 14.98 MEV MEASURED BY IKEDA ET AL./12/
(N, 0.1215 B AT 14.91 MEV MEASURED BY IKEDA ET AL./12/
MT=102 CAPTURE
CALCULATED WITH THE CASTHY CODE/10/ AND NORMALIZED TO 65.5 MB
AT 30 KEV.
MT=107

N,A
CALCULATES WITH THE GNASH CODE/13/.

51 MU-BAR
CALCULATED WITH OPTICAL MODEL.
M5$42 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

CALCULATED WITH THE CASTHY CODE/10/.
MT=16,22,28,51-66, 9
TAKEN FROM JENDL FUSION FILE. THE DATA OF MT=16, 22, 28 AND
91 WERE TRANSFORMED INTO THE LAB SYSTEM.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,51-66, 91
TAKEN FROM JENDL FUSION FILE. THE DATA OF MT=16, 22, 28 AND
91 WERE TRANSFORMED INTO THE LAB SYSTEM.
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4) ENSDF: EVALUATED NUCLEAR STRUCTURE 'DATA FILE, BNL/NNDC.
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PART A 1981)
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MAT number = 2231
22-Tl- 48 KUR EVAL-SEP88 K.KOBAYASHI(KUR),H.HASHIKURA(TOK)
DIST-SEP89 REV1-APR93
HISTORY
88-09 COMPILED BY T.ASAMI( NEDAC%
93-03 §4 91 CHANGED INTO LAB SYSTEM.
93-12 NDL-
DATA WERE MAINLY ADOPTED FROM JENDL FUSION FILE.
COMPILED BY T.NAKAGAWA
*khkKk kK MODIFIED PARTS FOR JENDL 3 2 KAKNAXAAA KA hAdhdAdkhkddhdh %
ALL CROSS SECTIONS EXCEPT (3,102) AND 53 107)
ALL ANGULAR DISTRIBUTIONS XCEPT FOR (
ALL ENERGY DISTRIBUTIONS.
AR A A A AR A AR AR A AR AR A AR AR A AR A A A AR AR A AR AR A AR AR A AR A A Ak dhkhdhd*
JENDL FUSION FILE /1/ AS OF DEC. 1993)
EVALUATED BY KO AKO (NEDAC) AND S. CHIBA (NDC/JAERI)
COMPILED BY KOSA
- THE INELASTIC SCATTERING CROSS SECTIONS AND ANGULAR
DISTRIBUTIONS OF INELASTICALLY SCATTERED NEUTRONS (EXCEPT
CONTINUUM INELASTIC? WERE CALCULATED WITH CASTHY2Y AND
DWUCKY IN SINCROS-11 SYSTEM/2/ INCLUDING CONTRIBUTIONS
FROM DIRECT REACTIONS.
- THE gN,ZN), (N,NA%, (N,NP) AND EN ,P) REACTION CROSS
SECTIONS ﬁMTzlﬁ, 2, 28, 103) WERE CALCULATED BY EGNASH2
IN THE SINCROS-I1I.
- ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE REPLACED
BY THOSE CALCULATED BY EGNASH2. THE DDX"S OF THE
CONTINUUM NEUTRONS WERE CALCULATED BY KUMABE®"S SYSTEMA-
TICS /3/ USING F15T0B /1/. THE PRECOMPOUND/COMPOUND
RATIO WAS CALCULATED BY THE SINCROS-11 CODE SYSTEM
- THE RESONANCE PARAMETERS, TOTAL, CAPTURE AND $N CROSS
SECTIONS AND ANG. DISTRIBUTIONS OF ELASTICALLY SCATTERED
NEUTRONS WERE TAKEN FROM JENDL-3.1.
- OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED IN
THE SINCROS-11 CALCULATION ARE DESCRIBED IN REF./2/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/4/.
MF=1 GENERAL INFORMATION

MT=

MF=

MT=

MF
B

=
C
C
W
/
A
0
P

MT=

=3 NEUTRON CROSS S

451 DESCRIPTIVE DATA AND DICTIONARY

2 RESONANCE PARAMETERS
51 RESOLVED RESONANCE PARAMETERS
SOLVED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN THE ENERGY
GION FROM 1.0E-5 EV TO 100 KEV. PARAMETERS WERE TAKEN FROM
F./5/, FOR POSITIVE RESONANCES. PARAMETERS FOR NEGATIVE
SONANCE WERE OBTAINED SO THAT THE REPRODUCED CROSS SECTIONS
R BOTH SCATTERING AND CAPTURE GAVE THE 2200 M/S VALUES OF
61+-0.2 AND 7.84+-0.25 BARNS, RESPECTIVELY/5/. THE SCATTER-
G RADIUS WAS ASSUMED TO BE 4.2 FERMI INSTEAD OF 3.9 FERMI_IN
F./5/. CALCULATED 2200 M/SEC CROSS SECTIONS AND RESONANCE
TEGRALS ARE AS FOLLOWS:

2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)
ELASTIC 4.61

CAPTURE 7.84 3.69
TOTAL 12.45

1
RE
RE
RE
RE
FO
4
IN
RE
IN

CROSS SECTION WAS GIVEN.

10N DATA EXCEPT FOR THE TOTAL,

D FROM JENDL FUSION FILE. THE
CROS-11 SYSTEM/2/ BY ADOPTING
AMAMURO/2/ FOR NEUTRON, PEREY OMP
IFIED BY ARTHUR AND YOUNG/7/ FOR
OR DEUTERON, BECCHETTII-GREENLEES
Ea STANDARD LEVEL DENSITY

ELOW 100 KEV, NO

OR_JENDL-3.
APTURE AND
ALCULATION
ALTER-GUSS
6/ FOR PROT
LPHA, LOHR-
MP/9/ FOR T
ARAMETERS O

1 TOTAL
OPTICAL AND STATISTICAL MODEL CALCU
CASTHY CODE/10/. THE OPTICAL POTENT
0.75 - 0.120*EN, VSO
WS 0. 0. 234*EN wyv
RS = 1.02, RSO
ﬁSO = 0.52
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CALCULATION. FOR JENDL-3.2, IT WAS REPLACED WITH THE CASTHY
CALCULATION.

MT=2 ELASTIC SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.
MT=4, 51-68, 91 INELASTIC SCATTERING

THE CROSS SECTIONS WERE TAKEN FROM JENDL FUSION FILE. THE
LEVEL SCHEME WAS BASED ON REF./4/ CONTRIBUTIONS OF THE DIRECT
PROCESS WERE CALCULATED FOR THE LEVELS MARKED WITH ***®, USING
DEFORMATION PARAMETERS COMPILED BY RAMAN ET AL./11/ AND
SPEAR/12/.

NO. ENERGY (MEV) SPIN-PARITY (DIRECT PROCESS)

G.S. 0.0 0+

1 0.9835 2+ *

2 2.2956 4+ *

3 2.421 2+ *

4 2.9973 0+ *

5 3.224 3+

6 3.2398 4+ *

7 3.3332 6+

8 3.3588 3- *

9 3.3709 2+

10 3.5085 6+

11 3.6168 2+ *

12 3.6336 2+

13 3.6994 1+

14 3.711 1+

15 3.7386 1+

16 3.7825 4-

17 3.8028 1+

18 3.8522 3- *

LEVELS ABOVE 3.852 MEV WERE ASSUMED TO BE OVERLAPPING.

MT=16, 22, 28, 103 (N, ZN% ﬁN E , (N,N % $
ADOPTED FROM JENDL FUSION FIL THEORETICAL CALCULATION WAS
MADE WITH SINCROS-11. THE RESULTS WERE NORMALIZED TO

(N,NP)+(N,D) 0.0207 B AT 15.0 MEV MEASURED BY IKEDA ET AL./13/
N,P) 0.0596 B AT 14.93 MEV MEASURED BY IKEDA ET AL./13/

MT=102 CAPTURE
g#ngLQEED WITH THE CASTHY CODE/10/ AND NORMALIZED TO 4.3 MB

=107 (N, A
EVALUATED BASED ON THE EXPERIMENTAL DATA.

MT=251 MU-BAR
CALCULATED WITH OPTICAL MODEL.

M5‘4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

CALCULATED WITH THE CASTHY CODE/10/
MT=16, 22, 28, 51-68, 91
TAKEN FROM JENDL FUSTON FILE. THE DATA OF MT=16, 22, 28 AND
91 WERE TRANSFORMED INTO THE LAB SYSTEM.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=16, 22, 28, 91
TAKEN FROM JENDL FUSION FILE. THE DATA OF MT=16, 22, 28 AND
91 WERE TRANSFORMED INTO THE LAB SYSTEM.

REFERENCES
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7) ARTHUR, E.D. AND YOUNG, P. G.
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EAR, R_H.: ATOM. DATA AND NUCL. DATA TABLE, 42, 55 (1989).



13) IKEDA, Y. ET AL.: JAERI 1312 (1988).



T number = 2234
2-Tl- 49 KUR EVAL-SEP88 K.KOBAYASHI(KUR),H_HASHIKURA(TOK)
STORY DIST-SEP89 REV2-NOV93

HIST
88-09 COMPILED BY T.ASAMI(NEDAC)
93-12 JENDL-3.2

DATA WERE ADOPTED FROM JENDL FUSION FILE.
COMPILED BY T.NAKAGAWA

*k Kk kK MODIFIED PARTS FOR JENDL 3-2 AhkAXAkIhkAkdkhdhhkdkhkkhdhxi
ALL CROSS SECTIONS EXCEPT (3,1), (3,102) AND (3,107)
22) NEWLY ADDED
oe2a GULAR DISTRIBUTIONS EXCEPT FOR (4,2).
ALL ENERGY DISTRIBUTIONS.

EE R R S o R R R o S R R R R R S R S S S R R S R S R S R S S S

2 E

=15

RESOL

REGION FROM 1.0E-5 EV TO 100 KEV. PARAMETERS WERE TAKEN FROM
REF./5/, FOR POSITIVE RESONANCES. PARAMETERS FOR NEGATIVE
EESOQANCE WERE OBTAINED SO THAT THE REPRODUCED CROSS SECTIONS
0.7+-
RADIU
REF./
INTEG

JENDL FUSION FILE /1/ (AS OF DEC. 1993)

EVALUATED BY K.KOSAKO (NEDAC) AND”S. CHIBA (NDC/JAERI)
COMPILED BY K.KOSAKO.

- THE_INELASTIC SCATTERING CROSS SECTIONS AND ANGULAR
DISTRIBUTIONS OF INELASTICALLY SCATTERED NEUTRONS (EXCEPT
CONTINUUM INELASTIC? WERE CALCULATED WITH CASTHY2Y AND
DWUCKY IN SINCROS-I1 SYSTEM/2/ INCLUDING CONTRIBUTIONS
FROM DIRECT REACTIONS.

- THE gN,ZN), (N,NA%, (N,NP) AND EN ,P) REACTION CROSS
SECTIONS (U116, 22,728, 103) WERE CALCULATED BY EGNASH2
IN THE SINCROS-il.

- ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE REPLACED
BY THOSE CALCULATED BY EGNASH2. THE DDX"S OF THE
CONTINUUM NEUTRONS WERE CALCULATED BY KUMABE"S SYSTEMA-
TICS /3/ USING F15TOB /1/. THE PRECOMPOUND/COMPOUND
RATIO WAS CALCULATED BY THE SINCROS- Il CODE SYSTEM

- THE RESONANCE PARAMETERS, TOTAL, CAPTURE AND $N CROSS
SECTIONS AND ANG. DISTRIBUTIONS OF ELASTICALLY SCATTERED
NEUTRONS WERE TAKEN FROM JENDL-3.1.

- OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED IN
THE SINCROS-Ii CALCULATION ARE DESCRIBED IN REF./2/.

LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/4/.
=1 GENERAL INFORMATION
2455 DRSCRIPTIVE DATA AND DICTIONARY
=2 RESONANCE PARAMETERS
T=151 RESOLVED RESONANCE PARAMETERS
OLVED PARAWETERS FOR WLBII FORNULA WERE GIVEN IN THE ENERGY

OTH SCATTERING AND CAPTURE GAVE THE 2200 M/S VALUES OF
0.3 AND 2.2+-0.3 BARNS, RESPECTIVELY/5/. THE SCATTERING
S WAS ASSUMED TO BE 4.5 FERMI INSTEAD OF 4.0 FERMI IN
5/. CALCULATED 2200 M/SEC CROSS SECTIONS AND RESONANCE

EGRALS ARE AS FOLLOWS:
2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)
ELASTIC 0.69
CAPTURE 2.21 1.06
TOTAL 2.90

MF=3 NEUTRON CROSS SECTIONS

BELOW 100 KEV, NO BACKGROUND CROSS SECTION WAS GIVEN.

FOR JENDL-3. ALL CROSS-SECTION DATA EXCEPT FOR THE TOTAL,
CAPTURE _AND &N A& WERE ADOPTED FROM JENDL FUSION FILE. THE
CALCULATION WAS MADE WITH SINCROS-11 SYSTEM/2/ BY ADOPTING
WALTER-GUSS OMP MODIFIED BY YAMAMURO/2/ FOR NEUTRON, PEREY OMP

/6/ FOR PROTON, LEMOS OMP MODIFIED BY ARTHUR AND YOUNG/7/ FOR
ALPHA, LOHR-HAEBERLI OMP/8/ FOR DEUTERON, BECCHETTII-GREENLEES
OMP/9/ FOR TRITON AND HE-3, AND STANDARD LEVEL DENSITY
PARAMETERS OF SINCROS-11 SYSTEM.
MT=1 TOTAL
OPTICAL AND STATISTICAL MODEL CALCULATION WAS MADE WITH
CASTHY CODE/2/. THE OPTICAL POTENTIAL PARAMETERS USED ARE:
V = 50.75 - 0.120*EN, VSO = 4.72 MEV
WS = 10.9 - 0.234*EN, Wv = 0.0 MEV
R =1.26, RS = 1.02, RSO = 1.16 FM
A =0.52, ASO = 0.52, B = 0.40 FM



MT=2 ELASTIC SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.
MT=4, 51-65, 91 INELASTIC SCATTERING
THE CROSS SECTIONS WERE TAKEN FROM JENDL FUSION FILE. THE
LEVEL SCHEME WAS BASED ON REF./4/ CONTRIBUTIONS OF THE
DIRECT PROCESS WERE CALCULATED FOR THE LEVELS MARKED WITH ***.
NO ENERGY (MEV) SPIN-PARITY (DIRECT PROCESS)
G.S 0.0 7/2 -
1 1.3818 3/2 - *
2 1.5421 1172 -
3 1.586 3/2 - *
4 1.6229 5/2 -
5 1.7235 1/2 -
6 1.762 5/2 - *
7 2.2613 7/2 - *
8 2.4714 7/2 -
9 2.5044 1/2 + *
10 2.5058 1572 -
11 2.5135 5/2 -
12 2.5174 5/2 +
13 2.6643 3/2 + *
14 2.7201 1172 -
2. 3/2 -

15 7213
LEVELS ABOVE 2.721 MEV WERE ASSUMED TO BE OVERLAPPING.

MT=16, 22, 28, 103 (N,ZNg, SN NAE (N,NP g P)
ADOPTED FROM JENDL FUSION FIL THEORETICAL  CALCULATION WAS
MADE WITH SINCROS-11. THE RESULTS WERE NORMALIZED TO

(N,NP)+ N,D 0.00897B AT 14.98 MEV MEASURED BY IKEDA ET AL./10/
, 0.023 B AT 14.7 MEV MEASURED BY QAIM ET AL./11/

MT=102 CAPTURE
CALCULATED WITH THE CASTHY CODE/12/ AND NORMALIZED TO 22.5 MB
AT 30 KEV.

MT=107 (N,A
CALCULATED WITH THE GNASH CODE/13/.

MT=251 MU-BAR

CALCULATED WITH OPTICAL MODEL.
M5‘4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

CALCULATED WITH THE CASTHY CODE/12/.
MT=16, 22, -65, 91
TAKEN FROM JENDL FUSTION FILE. THE DATA OF MT=16, 22, 28 AND
91 WERE TRANSFORMED INTO THE LAB SYSTEM.

M5;516ENE§GY DISgTIBUTIONS OF SECONDARY NEUTRONS
“TAKEN EROM’ JENDL FUSION FILE. THE DATA OF MT=16, 22, 28 AND
91 WERE TRANSFORMED INTO THE LAB SYSTEM.
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50 KUR EVAL-SEP88 K. KOBAYASHI(KUR) HASHIKURA(TOK)
DIST-SEP89 REV2-NOV93

COMPILED BY T.ASAMI(NEDAC)
JENDL-3.2

DATA WERE MAINLY ADOPTED FROM JENDL FUSION FILE.
COMPILED BY T.NAKAGAWA

*kkkx MODIFIED PARTS FOR JENDL kkhkkhkkhkhkkhkkhkhkkhkhkkhkhkkhhkkhkki*k
ALL CROSS SECTIONS EXCEPT E g AND (3,102)

ALL ANGULAR DISTRIBUTIONS EXCEPT FOR (4 2).

ALL ENERGY DISTRIBUTIONS.
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JENDL FUSION FILE /1/ AS OF NOV. 1993)
E UATED BY K KOSAKO (NEDAC) AND S. CHIBA (NDC/JAERI)
| BY K.KOSAKO.

ATTERING CROSS SECTIONS AND ANGULAR
INELASTICALLY SCATTERED NEUTRONS (EXCEPT
I1C) WERE CALCULATED WITH CASTHY2Y AND

IT SYSTEM/2/ INCLUDING CONTRIBUTIONS

920, 1 D08 RS e

CONDARY NEUTRONS WERE REPLACED
ASH2. THE DDX"S OF THE

CULATED BY KUMABE®S SYSTEMA-
THE PRECOMPOUND/COMPOUND
SINCROS-11 CODE SYSTEM.

TAL AND CAPTURE CROSS

gﬁSSOF ELASTICALLY SCATTERED
AND OTHER PARAMETERS USED 1IN
RE DESCRIBED IN REF./2/.
CHEMES WERE D ON THE BASIS OF ENSDF/4/.
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ENERAL INFORMATION
DESCRIPTIVE DATA AND DICTIONARY

SONANCE PARAMETERS

RESOLVED RESONANCE PARAMETERS
VED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN THE ENERGY
N FROM 1.0E-5 EV TO 200 KEV. PARAMETERS WERE TAKEN FROM
5/, FOR POSITIVE RESONANCES. PARAMETERS FOR NEGATIVE
NCE WERE OBTAINED SO THAT THE REPRODUCED CROSS SECTIONS
H SCATTERING AND CAPTURE GAVE THE 2200 M/S VALUE OF
? AND 0.179+-0.003 BARNS, RESPECTIVELY/5/. THE

R

-0, PO

O—l W=ZN\Or- m

0

moox
oo H

NG RADIUS WAS ASSUMED TO BE 4.5 FERMI. CALCULATED 2200
0SS SECTIONS AND RESONANCE INTEGRALS ARE AS FOLLOWS:

2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)
ELASTIC
CAPTURE 0 18 0.086
TOTAL 3.88

3 NEUTRON CROSS SECTIONS
ELOW 180 KEV, NO BACKGROUND CROSS SECTION WAS GIVEN.

OR JENDL-3.2, ALL CROSS-SECTION DATA EXCEPT FOR THE TOTAL AND

M/SE

APTURE WERE ADOPTED FROM JENDL FUSION FILE. THE CALCULATION
AS MADE WITH SINCROS-11 _SYSTEM/2/ BY ADOPTING WALTER-GUSS OMP
ODIFIED BY YAMAMURO/2/ FOR NEUTRON, PEREY OMP /6/ FOR PROTON,
EMOS OMP MODIFIED BY ARTHUR AND YOUNG/7/ FOR ALPHA, LOHR-
AEBERLI OMP/8/ FOR DEUTERON, BECCHETTII-GREENLEES OMP/9/ FOR
RITON AND HE-3, AND STANDARD LEVEL DENSITY PARAMETERS OF
INCROS-11 SYSTEM
1 TOTAL
OPTICAL AND STATISTICAL MODEL CALCULATION WAS MADE WITH
CASTHY CODE/lO/ THE OPTICAL POTENTIAL PARAMETERS USED ARE:
= 50.75 - 0.120*EN, VSO = 4.72 MEV
S = 10.9 - 0.234*EN, Wv = 0.0 MEV
R =1.26, RS = 1.02, RSO = 1.16 FM
A = 0.52, ASO = 0.52, B = 0.40 FM
2 ASTIC SCATTERING
OBT NED BY SUB TRACTING THE SUM OF THE PARTIAL CROSS SECTIONS



FROM THE TOTAL CROSS SECTION.

MT=4, 51-61, 91 INELASTIC SCATTERING

THE CROSS SECTIONS WERE TAKEN FROM JENDL FUSION FILE. THE
LEVEL SCHEME WAS BASED ON REF./4/ CONTRIBUTIONS OF THE
DIRECT PROCESS WERE CALCULATED FOR THE LEVELS MARKED WITH **°*
USING DEFORMATION PARAMETERS COMPILED BY RAMAN ET AL./11/ AND’
SPEAR/12/.

NO. ENERGY (MEV) SPIN-PARITY (DIRECT PROCESS)

G.S. 0.0 0 +

1 1.5538 2 + *

2 2.6749 4 + *

3 3.1987 6 + *

4 3.771 2 +

5 3.8681 0 +

6 3.9748 4 +

7 4.1473 4 + *

8 4.1718 3+

9 4.1723 2 + *

10 4.311 2 + *

11 4.4105 3 - *
LEVELS ABOVE 4.411 MEV WERE ASSUMED TO BE OVERLAPPING.

MT=16, 22, 28, 103 (N, ZN% ﬁN E , (N,N % $
ADOPTED FROM JENDL FUSION FIL THEORETICAL CALCULATION WAS
MADE WITH SINCROS-11. THE RESULTS WERE NORMALIZED TO

(N, 2N .0 B AT 14.9 MEV (SYSTEMATICS BY KASUGAI/13/),
N,P O 0134 B AT 14.94 MEV MEASURED BY IKEDA ET AL./14/,
N,A) 0.0104 B AT 14.95 MEV MEASURED BY IKEDA ET AL./14/.
MT=102 CAPTURE
%#LSgLQEED WITH THE CASTHY CODE/10/ AND NORMALIZED TO 2.3 MB

=251 MU-BAR
CALCULATED BASED ON OPTICAL MODEL

M5$42 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
"CALCULATED WITH THE CASTHY CODE/10/.

MT=16, 22, 28, 51-61, 91
TAKEN FROM JENDL FUSION FILE. THE DATA OF MT=16, 22, 28 AND
91 WERE TRANSFORMED INTO THE LAB SYSTEM.

M5T516ENE§GY DISgTIBUTIONS OF SECONDARY NEUTRONS
TAKEN FROM JENDL FUSION FILE. THE DATA OF MT=16, 22, 28 AND
91 WERE TRANSFORMED INTO THE LAB SYSTEM.
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1) CHIBA, S. ET AL.: JAERI-M 92-027, P.35 (1992).
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8) LOHR, J.M. AND HAEBERLI W.: NUCL. PHYS., A232, 381 61974).

9) BECCHETTI, F.D. JR. AND GREENLEES G.W.: OLAR ZATION
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MAT number = 2328

23-V - 51 KHI EVAL-AUG88 T.WATANABE
DIST-SEP89 REV2-MAR94

HISTORY

88-08 JENDL-2 MODIFIED BY T.WATANABE
KAWASAKI HEAVY INDUSTRIES, LTD.
94-03 MODIFICATION FOR JENDL FUSION FILE WAS MADE BY S.CHIBA
GAMMA-RAY PRODUCTION DATA EVALUATED BY T.ASAMI(DATA ENG.)
COMPILED BY S.CHIBA AND T._NAKAGAWA(NDC/JAERI)

*khk k% MODIFIED PARTS FOR JENDL_3-2 KAKXAAKXAKXAAKN A XA A A A XA dAh A ddhkddhddx*k
(3.2) TO KEEP THE TOTAL CROSS CROSS
SECTION THE SAME AS JENDL-3.1
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1/ AS OF MAR. 1994)
COMILED BY S. CHIBA" (NDC/JAERI)

NDL-3.1 EXCEPT FOR THE FOLLOWING:
TINUUM INELASTIC SCATTERING CROSS
AT WITH CASTHY2Y AND DWUCKY 1IN
S D
H

NU
h ED

T OF DISCRETE INELASTICS WERE ALSO

C Y2Y AND DWUCKY .

ION CROSS SECTIONS (MT=16, 22, 28) WERE
HOSE CALCULATED BY EGNASH2 IN THE

VE 15 MEV, THE (N,2N) CROSS SECTION IS THE

TIONS OF SECONDARY NEUTRONS WERE REPLACED

ATED BY EGNASH2. THE DDX*S OF THE CONTI-

ERE CALCULATED BY KUMABE"S SYSTEMATICS

B /1/. THE PRECOMPOUND/COMPOUND RATIO

BY THE SINCROS- 11 CODE SYSTEM.

LEVEL DENSITY AND OTHER PARAMETERS USED IN
CALCULATION ARE DESCRIBED IN REF./2/.

WERE DETERMINED ON THE BASIS OF ENSDF/4/.

/
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ORMATION
IVE DATA AND DICTIONARY

MF=2
MT=151 RESONANCE PARAMETERS : 1.0E-5 EV - 100 KEV
RESOLVED RESONANCES FOR MLBW FORMULA:
PARAMETERS WERE EVALUATED BASED ON EXPERIMENTAL DATA
/5,6,7,8/ AND MODIFIED TO REPRODUCE EXPERIMENTAL TOTAL
CROSS SECTIONS. NEGATIVE ENERGY LEVELS WERE ADDED TO
REPRODUCE 2200 M/S TOTAL AND CAPTURE CROSS SECTIONS.

CALCULATED 2200 M/S CROSS SECTIONS AND RESONANCE INTEGRALS

2200 M/SEC RES. INTEG.
ELASTIC 4.83 B -
CAPTURE 4.90 B 2.56 B
TOTAL 9.73 B -

MF=3 NEUTRON CROSS SECTIONS : ABOVE 100 KEV
FOR_JENDL-3.1, TOT ELASTIC, INELASTIC AND CAPTURE CROSS
SECTIONS WERE CALCULATED WITH OPTICAL AND STATISTICAL MODEL.
DIRECT INELASTIC REACTION CROSS SECTIONS WERE EVALUATED WITH
DWBA METHOD /9/ AND ADDED TO COMPOUND PROCESSES.

THE SPHERICAL OPTICAL POTENTIAL PARAMETERS WERE EVALUATED
TO REPRODUCE EXPERIMENTAL TOTAL CROSS SECTIONS /10,11,12/.
V = 50.71-0.4793*EN MEV RO= 1.227 FM AO= 0.663 FM
WS= 5.307-0.1911*EN MEV RS= 1.370 FM B = 0.394 FM
VS0= 6.560 MEV RS0=0.046 FM AS0=0.535 FM
OPTICAL AND STATISTICAL MODEL CALCULATION WAS PERFORMED
WITH CASTHY CODE /13/.
FOR JENDL-3.2, CROSS SECTIONS FOR E ,2N), (N,N Pg ﬁN NAE AND
INELASTIC SCATTERING WERE ADOPTED FROM JENDL FU
THE CALCULATION WAS MADE WITH SINCROS-11 CODE SYSTEM/Z/ BY



ADOPTING WALTER-GUSS OMP MODIFIED BY YAMAMURO/2/ FOR
NEUTRONS, LEMOS OMP MODIFIED BY ARTHUR AND YOUNG/14/ FOR
ALPHA, LOHR-HAEBERLI/15/ FOR DEUTERON, BECHETTI-GREENLEES
/16/ EOR TRITON AND HE-3. LEVEL DENSiTY PARAMETERS USED ARE:
V-52 9.0 (1/MEV)
V-51 8.6
V-50 8.6
TI1-51 9.8
T1-50 8.6
SC-48 DEFAULT IN SINCROS-I1I
SC-47 DEFAULT IN SINCROS-II
MT=1  TOTAL
100 KEV -2 MEV: BASED ON THE EXPERIMENTAL DATA /11,12/ FOR

NATURAL V.
ABOVE 2 MEV: CALCULATED

MT=2 ELASTIC SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.

MT=4,51-65,91 INELASTIC SCATTERING
ADOPTED FROM JENDL FUSION FILE.

THE LEVEL SCHEME TAKEN FROM REF./17/:

NO. ENERGY (MEV) SPIN-PARITY BETA
G.S 0.0 7/2-
1 0.3201 5/2-
2 0.9270 3/2- 0.250
3 1.6089 11/2- 0.250
4 1.8131 9/2- 0.250
5 2.4108 3/2-
6 2.5474 1/2+
7 2.6774 3/2+
8 2.6996 15/2-
9 2.79 9/2-
10 3.0836 5/2-
11 3.15 3/2-
12 3.1951 3/2-
13 3.2148 3/2-
14 3.2640 5/2-
15 3.2800 5/72-
CONTINUUM LEVELS ASSUMED ABOVE 3.28 MEV
MT=16 ﬁN
TAKEN FROM JENDL FUSION FILE.
BELOW 15 MEV: SINCROS-I11 _CALCULATION
ABOVE 15 MEV: GUIDED BY EXPERIMENTAL DATA /18/.
MT=22,28 N NA B, EN,NP&
DATA FO L FUSION FILE WERE ADOPTED, WHICH WERE
CALCULATED WITH SINCROS-1I1.

MT=102 CAPTURE
STATISTICAL MODEL CALCULATION WITH CASTHY CODE
PERFORMED. THE CAPTURE CROSS SECTION WAS NORMA
EXPERIMENTAL DATA OF DUDEY+ /19/ AT 0.5 MEV 2.

MT=103
GUI E 3 EXPERIMENTAL DATA /20,21/.

4,10 6 5 E-3)

NDL-2 E ALUATE DATA 722/ WERE ADOPTED.
7

1

E /137 WAS
LIZED TO THE
63 MB.

MT=
MT= E B
D BY EXPERIMENTAL DATA /22,23,24,25/.

MU-BAR
CULATED FROM THE DATA IN MF=4.

10
JE
10
GU
MT=251
CAL

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

M$-§1 65 CALCULATED WITH OPTICAL MODEL.
TAKEN FROM JENDL FUSION FILE FOR WHICH THE CALCULATION WAS
MADE WITH HAUSER-FESHBACH FORMULA (CASTHY) AND DWBA (DWUCK4).
MT=16,22,28,91
TAKEN FROM JENDL FUSION FILE.

ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
JENDL FUSION FILE.

mno
2N
TN
pelec]
=0

=



MFG%251PH2TON PRODUCTION MULTIPLICITIES (UP TO 3.34494 MEV)

MT_¥8£TIPLICITIES WERE CALCULATED WITH EGNASH2/2/.
FROM ENERGY BALANCE.

MT=103, 107
CALCULATED WITH THE EGNASH2 CODE/2/.

MFG133 PHOTON PRODUCTION CROSS SECTIONS (ABOVE 3.34494 MEV)
"CALCULATED WITH THE EGNASH2 CODE/2/.

MF=14 PHOTON ANGULAR DISTRIBUTIONS
MT=3,51-64,102,103,107
ASSUMED TO BE ISOTROPIC IN THE LABORATORY SYSTEM.

MF= 153 C?g;lNgggS EBOTON ENERGY SPECTRA
_CALCULATED WITH THE EGNASH2 CODE/2/. CAPTURE GAMMA SPECTRUM
AT THERMAL ENERGY WAS CALCULATED WITH CASTHY/6/.

REFERENCES
1) CHIBA, S. ET AL.: JAERI-M 92-027, P.35 (1992).
2) YAMAMORO, N.: JAERI-M 90-006 (1990) .
3) KUMABE, i. ET AL.: NUCL. SCI. ENG., 104, 280 (1990).
4) ENSDF: EVALUATED NUCLEAR STRUCTURE DATA FILE, BNL/NNDC.
5) WINTERS, R.R. ET AL.: PHYS. REV. C18, 2092 (1978)
6) GARG, J.B.°ET AL.: NUcL; SCI. ENG. 65, 78 (1978)
83 T0GHABCARE S FET AL~ S NEUTRON CROSS” SECTIONS YOL.1 PART A"
ACADEMIC PRESS (1981).
8) MACKLIN, R.L. ET AL. NUCL SCI. ENG. 78, 110 (1981).
9) KUNZ P.D.: UNPUBLISHED 1974&
10) ROHR, G. AND FRIEDLAND, UCL. PHYS. A104, 1 (1967).
11) SMITH, A.B. ET AL.: PHYS. REV. Ci, 581 (1970).
12) CIERJACKS, S : KFK-1000 (1968).
13) IGARASI, $. AND FUKAHORI, T.: JAERI 1321 (1991
14) ARTHUR, E.D. AND YOUNG, P.G.: LA-8626-MS (1980
15) LOHR, J.M. AND HAEBERLI W.: NUCL. PHYS., A232,”38 61974)
16) BECCHETTI, F.D. JR. AND GREENLEES G.W.: "POLARIZATI
ETSgggENA iN NUCL. REACTIONS," UNITV. WISCONSIN PRESS, P.682
17) ZHOU CHUNWEI ET AL.: NUCLEAR DATA SHEETS 48, 111 51986)
183 AUCHAMPAUGH, G.F. ET AL EERNLONGS - 50681, P.231 g
19) DUDEY, N.D. ET AL.: J. NUCL. ENERGY 23,443 (196
20) IKEDA'Y. ET AL.: JAERI 1312 §19883
21) SMITH, D.L. ET AL.: ANL/NDM-85 (1084).
22) TANAKA S1: JAERI-Hi 82-151 (1982
23) KANNO, I. ET AL.: ANNALS NUCL. ENERGY 11, 623 (1984?
24) LU HAN-LIN, ET AL.: PHYSICA ENERGIAE FORTIS ET PHYSICA
NUCLEARIS 3, 88 (1979).
25) ZUPRANSKA, E ET AL.: ACTA PHYSICA POLONICA SECTION B 11,
853 (1980).
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umber = 2400
R- 0 NEDAC EVAL-MAR87 T.ASAMI(NEDAC)
DIST-SEP89 REV2-DEC93

NEW EVALUATION WAS MADE BY T.ASAMI.
ME/MT=3/107 MODIFIED.
ME/MT=15/102 MODIFIED.
JENDL-3.2.

GAMMA-RAY PRODUCTION DATA R

BY T.ASAMI (DATA ENG.)
COMPILED BY T.NAKAGAWA (NDC/

,2)
3 (4,91) FRKEN £R

(13,4)

AEAKEAKXAKRAKXRAKRAKRAAAKAAAA AR AKX AKX A KNI A A A A I A Ak hA A ddhdAhxdhhxx

N’ N\ 00
CA)

JENDL FUSION FILE /1/ (AS 1S AUG. 19 %
EVALUATED B.YU SCIAE) AND S.CHIBA (NDC/JAERI)
COMPILED BY B.Y

ALL OF CROSS SECTINOS WERE TAKEN FROM J
MT=16, 22, 28 AND 91 WERE CREATED FROM SlI
F15TOB/1/ PROGRAM. MODIFIED-KUMABE®"S SYS
USED. THE PRECOMPOUND/COMPOUND RATIO WAS
0S-11 CODE SYSTEM.

-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
NCROS-11 CALCULATION ARE DESCRIBED IN REF./2/.
EMES WERE DETERMINED ON THE BASIS OF ENSDF/3/.

DL-3. MF=6 OF
ROS-11 /2/ AND
MATICS /1/ WAS
ALCULATED BY

EN
NC
TE
C

GENERAL INFORMATION
51 DESCRIPTIVE DATA AND DICTIONARY

RESONANCE PARAMETERS
51 RESOLVED RESONANCE PARAMETERS

SOLVED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN THE ENERGY
GION FROM 1.0E-5 EV TO 300 KEV. THE DATA WERE CONSTRUCTED
OM THE EVALUATED RESONANCE PARAMETERS FOR EACH CR I1SOTOPE,
NSIDERING THEIR ABUNDANCES IN THE CR ELEMENT/4/.

2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)
LASTIC 38
APTURE 3 .07 1.53
OTAL 6.45
NEUTRON CROSS SECTIONS
LOW 300 KEV, BACKGROUND CROSS SECTION WAS GIVEN. AS THE
ALUATED DATA ON THE RESONANCE PARAMETERS OF CR-53 WERE GIVEN
LOW 120 KEV, THE CROSS SECTIONS OF CR-53 FOR TOTAL, ELASTIC
ATTERING AND CAPTURE IN THIS ENERGY RANGE, MULTIPLIED BY ITS
UNDANCE, ARE PROVIDED AS THE BACKGROUND CROSS SECTIONS FOR
=1, 2 AND 102. ALL THE CROSS-SECTION DATA WERE DEDUCED FROM
E EVALUATED ONES FOR FOUR STABLE ISOTOPES OF CR CONSIDERING
EIR ABUNDANCES IN THE CR ELEMENT/4/, EXCEPT FOR THE TOTAL
0SS SECTIONS IN THE ENERGIES ABOVE 300 KEV.
TOTAL
E DATA IN THE ENERGY RANGE ABOVE 300 KEV WERE EVALUATED BASED
THE EXPERIMENTAL DATA OF/5,6,7/. THE DATA IN REF./5/ WERE
ED TO DETERMINE THE FINE STRUCTURE AND THOSE IN REFS. /6/
D /7/ WERE USED FOR THE RE-NORMALIZATION OF THE ABOVE DATA
D FOR THE EVALUATION IN THE HIGH ENERGY REGION. THUS
TAINED CROSS SECTION WAS UNFOLDED BY CONSIDERING THE
PERIMENTAL RESOLUTION OF 0.054 NSEC/M/5/ BELOW 4.4 MEV.
ELASTIC SCATTERING
TAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
OM THE TOTAL CROSS SECT

51-90, 91 INELASTIC SCATTERING

E DATA FOR EACH LEVEL WERE CONSTRUCTED FROM THE EVALUATIONS
R EACH CR ISOTOPE AS FOLLOWS:

g LEVEB ENERGY(MEV) CR-50 CR-52 CR-53 CR-54

1 0.5640 51



52 0.7833 51

53 0.8349 51

54 1.0063 52

55 1.2895 53

56 1.4341 51

57 1.5366 54

58 1.8237 52

59 1.8814 52

60 1.9736 55

61 2.1724 56

62 2.2330 57

63 2.3208 58

64 2.3696 52

65 2.4531 59

66 2.6195 53

67 2.6470 53

68 2.6570 60

69 2.7677 54

70 2.7720 61

71 2.8266 62

72 2.8294 54

73 2.9245 53

74 2.9648 55

75 2.9930 63

76 3.0739 55

77 3.1138 56

78 3.1600 56

79 3.1611 54

80 3.1617 57

81 3.3247 55

82 3.4152 58

83 3.4722 59

84 3.6158 60

85 3.7000 61

86 3.7717 62

87 3.9460 63

88 4.0154 64

89 4.5630 65

90 4.6270 66

91 3.0500 91 91 91 91
MT=16 (N,ZN&

CONSTRUCTED FROM THE EVALUATED DATA FOR FOUR CR ISOTOPES
MTngAS TO REER&RUCE THE EXPERIMENTAL DATA OF FREHAUT/8/.
MTEggSTRUCTE?NﬁES& THE EVALUATED DATA FOR FOUR CR ISOTOPES.

CONSTRUCTED ﬁRO& THE EVALUATED DATA FOR FOUR CR ISOTOPES.
MT=102 CAPTURE

CALCULATED WITH THE CASTHY CODE/9/ AND NORMALIZED TO 10 MB AT

ggLEEg- Q-VALUE IS A WEIGHTED AVERAGE VALUE OF ISOTOPE Q

MT=107 (N, A
CONSTRUCTED FR%M THE EVALUATED DATA FOR FOUR CR ISOTOPES
SO AS TO REPRODUCE THE EXPERIMENTAL DATA OF PAULSEN/10/.

MT=251 MU-BAR
CALCULATED WITH OPTICAL MODEL.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=2

CALCULATED WITH THE CASTHY CODE/9/.
MT=51-90

CALCULATED WITH THE CASTHY CODE.
MT=16, 22, 28, 91

TAKEN FROM JENDL FUSION FILE.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16, 22, 28, 91
TAKEN FROM JENDL FUSION FILE.

MF=12 PHOTON PRODUCTION MULTIPLICITIES
MT=102 (BELOW 2.5 ME
FROM ENERGY BALANC

MF=13 PHOTON PRODUCTION CROSS SECTIONS

MT=103
CONSTRUCTEDNFR%M THE EVALUATED DATA FOR FOUR CR ISOTOPES.

BELOW

MT=3 (ABOVE 2.5 MEV
EVALUATED BASED ON THE EXPERIMENTAL DATA OF MORGAN/11/.
4.75 MEV, THE FINE STRUCTURES IN INELASTIC SCATTERING WERE
CONSIDERED.

MT=4 (BELOW 2.5 MEV)



CALCULATED FROM INELASTIC SCATTERING CROSS SECTIONS AND
GAMMA-RAY BRANCHING RATIOS OF ISOTOPES.

MF=14 PHOTON ANGULAR DISTRIBUTIONS
MT=3, 4, 102
ASSUMED TO BE ISOTROPIC.

M5‘15 CONTINUOUS PHOTON ENERGY SPECTRA
CSECULATED WITH THE GNASH CODE/12/.

CALCULATED WITH THE CASTHY IN THE THERMAL ENERGY REGION
AND WITH GNASH ABOVE 100 KEV.

REFERENCES

1) CHIBA S. ET AL.: JAERI-M 92-027, P.35 (1992).

2) YAMAMURO N.: JAERI—M 90-006 (1990).

3) EVALUATED NUCLEAR STRUCTURAL DATA FILE, BNL/NNDC.

4y HOLDEN N.E., MARTIN R.L. AND BARNES I.[. : PURE & APPL.
CHEM. 56, 675 1984).

5) CIERJACKS S. ET AL. : KFK-1000 (1968).

9 FOSTER JR. D.G. ET AL. : PHYS. REV. g

8

9

0

1

2

, 576 (1971).
PEREY F.G. : EXFOR DATA NO0.10342 (1973).
FREHAUT J. ET AL. : 1980 BNL CONF. 399 (1980
IGARASI S. AND FUKAHORI T.: JAERI 1321 (1991
10) PAULSEN A. : NUCL. SCI. ENG. 78, 377 (1981)
11) MORGAN G.L. ET AL. : ORNL/TM-5098 519 6%.
12) YOUNG P.G. AND ARTHUR E.D. : LA-6947 (1877)



MAT number = 2425

24-CR- 50 NEDAC EVAL-MAR87 T.ASAMI&NEDAC)
DIST-SEP89 REV2-SE

STORY

-03 NEW EVALUATION WAS MADE BY T.ASAMI.

- S MF/MT=3/107 MODIFIED.

JENDL-3.2.
COMPILED BY T.NAKAGAWA (NDC/JAERI)

*kkkx MODIFIED PARTS FOR JENDL_3-2 kkhkkhkkhkhkkhkkhkhkkhkhkkhkhkkhhkkhkki*k
4,16-28), (4,91) TAKEN FROM JENDL FUSION FILE
91 TAKEN FROM JENDL FUSION FILE

***********************************************************

HIST
87-0
88-1
93-0

JENDL FUSION FILE /1/ (AS OF SEP. %
EVALUATED B.YU SCIAE) AND S. CHIBA (ND /JAERI)
COMPILED BY B.Y

ALL OF CROSS SECTIONS WERE TAKEN FROM JENDL-3. MF=6 OF
MT=16, 22, 28 AND 91 WERE CREATED WITH SINCROS-11 /2/ AND
F15TOB/1/ PROGRAM. MODIFIED-KUMABE®S SYSTEMATICS /1/ WAS
USED. THE PRECOMPOUND/COMPOUND RATIO WAS CALCULATED BY
THE SINCROS-11 CODE SYSTEM.

OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
IN THE SINCROS-11 CALCULATION ARE DESCRIBED IN REF./2/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/3/.

MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT 151 RESOLVED RESONANCE PARAMETERS
ESOLVED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN THE ENERGY

RECTON PROM 1 OF B Y T0 500 Kev . EVALUATION WAS BASED ON THE
EXPERIMENTAL DATA OF STIEGLITZ+71/4/, BEER+74/5/, ALLEN+77/6/,
KENNY+77/7/ AND BRUSEGAN+86/8/. EFFECTIVE SCATTERING RADIUS =
5.0 FM/9/.
CALCULATED 2200 M/S CROSS SECTIONS AND RESONANCE INTEGRAL.
2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)
ELASTIC 2.31
CAPTURE 15.9 7.41
TOTAL 18.2
MF=3 NEUTRON CROSS SECTIONS
BELOW 300 KEV, ZERO BACKGROUND CROSS SECTION WAS GIVEN.
MT=1 TOTAL

OPTICAL AND STATISTICAL MODEL CALCULATION WAS MADE WITH THE
CASTHY gODE/lO/ THE OPTICAL POTENTéAL PAﬁéMETERS USED ARE:

= 46.78 - 0.262*EN, VSO = 7.
WS = 4.87 + 0.352*EN, Wv =0 MEV
R=1.30, RS = 1.40, RSO = 1.30 FM
A = 0.55, B = 0.40, ASO 0.48 FM
SURFACE IMAGINARY PART 1S IN DERIVATIVE WOODS-SAXON FORM.
MT=2 ELASTIC SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.
MT=4, 51-55, 91 INELASTIC SCATTERING
CALCULATED WITH THE CASTHY CODE/10/, TAKING ACCOUNT OF THE
CONTRIBUTION FROM_THE COMPETING PROCESSES AND USING THE
DISCRETE LEVEL DATA/11/ SHOWN BELOW. THE CONTRIBUTIONS FROM
THE DIRECT PROCESS FOR THE LEVEL MARKED WITH *** WERE CALCULA-
TED WITH THE DWUCK CODE/12/. THE DEFORMATION PARAMETERS USED
IN THE CALCULATION WERE ASSUMED BASED ON PETERSON®S DATA/13/.

LEVEL ENERGY(MEV) SPIN-PARITY

G.S. 0.0 0+
1 0.7833 2+ *
2 1.8814 4+ *
3 2.9245 2+ *
4 3.1611 2+ *
5 3.1641 6+
6 3.3247 4+
7 3.5946 4+
8 3.6101 4+
9 3.6295 1+



10 3.6940 0+
11 3.6978 2+
12 3.7924 5+
13 3.8261 6+
14 3.8443 3+
15 3.8500 0+
16 3.8752 6+
17 3.8953 2+
18 3.8983 4+
19 3.9377 3+
20 4.0517 0+
LEVELS ABOVE 4.066 MEV WERE ASSUMED TO BE OVERLAPPING.

THE CALCULATED DATA FOR THE INELASTIC SCATTERING WERE FIN
LUMPED FOR THE CONVENIENCE ON THE CONSTRUCTION OF THE ELE
DATA AS FOLLOWS:

MT NO. LEVEL _ENERGY(MEV) LUMPING OF LEVEL
0.7833 1

.8814 2
2.9245 3
3.1611 4-5
3.3247 6
3.5946 OVER 7

[S)]
N
=

HE DATA OF MT=51 WERE MODIFIED BY CONSIDER
ATA. THE TOTAL INELASTIC_SCATTERING CROSS
IS THE SUM OF MT®"S FROM 51 TO 91.

URTHERMORE, ING
XPERIMENTAL SE
ION (MT=4)
6 N, 2N
éINLY BA(ﬁ (ON THE EXPERINENTAL DATA OF BORMANN /147
CALCULATED .T& THE GNASH CODE/15/.
MT=28 (N,Npa
CALCULATED WITH THE GNASH CODE/15/.
=102 APTURE
CALCULATED WITH THE CASTHY CODE/10/ AND NORMALIZED TO
REPRODUCE THE ELENENT DATA OF 10 B AT 50 KEV.
|
1

MT=103 ,P%
CALCULAT WITH THE GNASH CODE/15/.
3
G

(
ED
MT=107 (N,

CALCULATED WITH

G TO GRI

IFIED IN

R(N,ALP

MU-BAR

D WIT

(@]

N
THE GNASH CODE AND NORMALIZED AT 14.8 MEV IN
MES®"S DATA/16/. THE DATA NEAR THE THRESHOLD

REFERRIN E
ﬁEFERRING TO THE EXPERIMENTAL DATA FOR THE

WERE MOD
ELEMENT C HA)/17/

=251
CALCULATE H OPTICAL MODEL.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=2 ELASTIC SCATTERING
CALCULATED WITH THE CASTHY CODE/10/.

MT=16, 22, 28, 91 N, ZN&, (N,NA) EN % CONTINUUM INELASTIC
APPROXIMATELY TRANSFORMED FROM TH DATA (DDX) OF JENDL
FUSION FILE.

MT=51-55 INELASTIC SCATTERING
CALCULATED WITH THE CASTHY CODE AND THE DWUCK CODE/12/.

M5T516ENE§GY DISg?IBUTIONS OF SECONDARY NEUTRONS
APPROXIMATELY TRANSFRMED FROM THE MF=6 DATA (DDX) OF JENDL
FUSION FILE.
REFERENCES
1) CHIBA S. ET AL.: JAERI-M 92-027, P.35 (1992).
2) YAMAMURO N.: JAERI-M 90-006 61990 .
3) ENSDF: EVALUATED NUCLEAR STRUCTURE DATA FILE, BNL/NNDC.
4) STIEGLIZ R.G. ET AL. : NUCL. PHYS. A163, 592 1971&
5) BEER H. AND SPENCER R.P. : KFK-2063 (1974) ALSO NUCL.
PHYS. A240, 29 &1975%

6) ALLEN B.J. AND MUSGROVE A_R.DE L. : NEUTRON DATA OF
STRUCTURAL MATERIALS FOR FBR, 1977 GEEL MEETING, P.447,
PERGAMON PRESS (1979)

7) KENNY M.J. ET AL. : AAEC/E-400 (1977)

8) BRUSEGAN A. ET AL. : 85SANTA FE VOL.1 P.633 §1986).

9) MUGHABGHAB S.F. ET AL. : "NEUTRON CROSS SECTIONS™, VOL.1,
PART A (1981

10) IGARASI S. AND FUKAHORI T.: JAERI 1321 (1991

11) DATA TAKEN FROM ENSDF EVALUATED NUCLEAR STRU TURE DATA FILE).

12) KUNZ P.D. : UNPUBLISH

13) PETERSON R.J. AND PERLMAN .E.: NUCL. PHYS. A117,185(1968).

14) BORMANN M. : THE DATA E1965) EXFOR FILE

15) YOUNG P.G. AND ARTHUR : LA-6947 (19 7)
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163 GRIMES S.M. ET AL. : PHYS. REV. C19,

2127 (1979).
17) PAULSEN A. : NUCL. SCI. ENG. 78, 377 (1981)



MAT number = 2431
24-CR- 52 NEDAC EVAL-MAR87 T.ASAMI&NEDAC)
DIST-SEP89 REV2-SE
STORY
-03 NEW EVALUATION WAS MADE BY T.ASAMI.
- S MF/MT=3/107 MODIFIED.

JENDL-3.2.
COMPILED BY T.NAKAGAWA (NDC/JAERI)

HIST
87-0
88-1
93-0

*kkkx MODIFIED PARTS FOR JENDL_3 2 kkhkkhkkhkhkkhkkhkhkkhkhkkhkhkkhhkkhkki*k
3,2
3,42, 53,91) TAKEN FROM JENDL FUSION FILE
3,66-6 DELETED
4,16-28), (4,91) TAKEN FROM JENDL FUSION FILE
5,16-91 TAKEN FROM JENDL FUSION FILE
AR AR AR AR IR AR AR AKRAKRAKRAA A A A AA AR AR AR AR AR AL A XA A d Ak d A dhhhhdhhdk

JENDL FUSION FILE /1/ (AS OF SEP. %
CIAE) AND S. Shiaat (ND /JAERT)

EVALUATED B.YU S
COMPILED BY B.YU.

CROSS SECTIONS WERE MAIN LY TAKEN FROM JENDL-3. THE
éN,N'& CONTINUUM CROSS SECTI MT=91) IN THE WHOLE ENERGY
EGION AND ITS SPECTRA WERE TAK N FROM THE SINCROS-11/2/

CALCULATION. SEVERAL DISCRETE LEVEL SCATTERING CROSS
SECTIONS (MT=63, 64, 65, 66) AND THEIR ANGULAR DISTRIBU-
TION WERE DELETED BECAUSE THEY WERE INCLUDED IN THE NEW
CONTINUUM INELASTIC SCATTERING CROSS SECTIONSMTZQlE TAKEN
FROM THE SINCROS-11 CALCULATION. THE THRESHOLD OF MT=91
WAS CHANGED FROM 4.65 MEV TO 3.8 MEV. MF=6 OF MT=16, 22,
28 AND 91 WERE CREATED BY F15T0B PROGRAM/1/. MODIFIED-
KUMABE"S SYSTEMATICS/1/ WAS USED. THE PRECOMPOUND/COM-
POUND RATIO WAS TAKEN FROM THE SINCROS-11 CALCULATION.
OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
IN THE SINCROS-11 CALCULATION ARE DESCRIBED IN REF./2/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/3/.

MF=1 GENERAL FORMATION
MT=451 DESCR TIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS

MT 1 RESOLVED RESONANCE PARAMETERS
OLVED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN THE ENERGY
ION FROM 1.0E-5 EV TO 300 KEV. EVALUATED MAINLY BASED ON
EXPERIMENTAL DATA OF STIEGLITZ+ 71/4/, BEER+74/5/,
EN+77/6/, KENNY+77/7/, AGRAWAL+84/8/ AND BRUSEGAN+86/9/.
EFFECTIVE SCATTERING RADIUS = 5.2 FM /10/

=15
RES
REG
THE
ALL

CALCULATED 2200 M/S CROSS SECTIONS AND RESONANCE INTEGRAL
2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)

ELASTIC 2.96

CAPTURE 0.76 0.46

TOTAL 3.72

MF=3 NEUTRON CROSS SECTIONS

BELOW 300 KEV, ZERO BACKGROUND CROSS SECTION WAS GIVEN.
ABOVE 300 KEV, THE TOTAL AND PARTIAL CROSS SECTIONS WERE GIVEN
POINTWISE.
MT=1 TOT
OPTIC L AND STATISTICAL MODEL CALCULATION WAS MADE WITH
THE CASTHY CODE/11/. THE OPTICAL POTENTIAL PARAMETERS USED ARE
V = 46.78 - 0.262*E VSO = 7.0 MEV
WS = 4.87 + 0.352*EN Wv =0 MEV
R=1.30, RS = 1.40, RSO = 1.30 FM
A = 0.55, B =0.40, ASO = 0.48 FM
SURFACE IMAGINARY PART IS IN DERIVATIVE WOODS-SAXON FORM.
MT=2 ELASTIC SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.
MT=4, 51-62, 91 INELASTIC SCATTERING
CALCULATED WITH THE CASTHY CODE/11/, TAKING ACCOUNT OF THE
CONTRIBUTION FROM_THE COMPETING PROCESSES AND USING THE
DISCRETE LEVEL DATA/12/ SHOWN BELOW. ~THE CONTRIBUTIONS FROM
THE DIRECT PROCESS FOR THE LEVELS MARKED WITH *** WERE
CALCULATED WITH THE DWUCK CODE/13/. THE DEFORMATION PARAMETERS
USED IN THE CALCULATION WERE ASSUMED BASED ON A WEAK COUPLING



LEVEL ENERGY(MEV) SPIN-PARITY

G.S. 0.0 0+
1 1.4341 2+ *
2 2.3696 4+ *
3 2.6470 0+
4 2.7677 4+
5 2.9648 2+ *
6 3.1138 6+ *
7 3.1617 2+ *
8 3.4152 4+
9 3.4722 3+
10 3.6158 5+
11 3.7000 2+
12 3.7717 2+
13 3.9460 4+
14 3.9512 1+
15 4.0154 5+
16 4.0380 4+
17 4.5630 3- *
18 4.6270 5+
19 4.7060 2+
20 4.7410 2+
21 4.7507 8+
22 4.7940 0+
23 4.8045 6+

LEVELS ABOVE 4.816 MEV WERE ASSUMED TO BE OVERLAPPING.

THE CALCULATED DATA FOR THE INELASTIC SCATTERING WERE FIN
LUMPED FOR THE CONVENIENCE ON THE CONSTRUCTION OF THE ELE
DATA AS FOLLOWS:

ALLY
MENT

MT NO. LEVEL ENERGY(MEV) LUMPING

51 1.4341 1

52 2.3696 2

53 2.6470 3

54 2.7677 4

55 2.9648 5

56 3.1138 6

57 3.1617 7

58 3.4152 8

59 3.4722 9

60 3.6158 10

61 3.7000 11

62 3.7717 12

63 3.9460 13-14

64 4.0154 15-16

65 4.5630 17

66 4.6270 18

91 4.7060 OVER 19
THE DATA OF MT=51 AND 52 WERE MODIFIED BY CONSIDERING EXPERI-
MENTAL DATA. THE TOTAL INELASTIC SCATTERING CROSS SECTION
gMT=4% IS THE SUM OF MT"S FROM 51 TO 91. FOR JENDL-3.2, CROSS

ECTIONS OF MT*S FROM 63 TO 66 WERE INCLUDED INTO MT=91.
Q-VALUE OF MT=91 WAS CHANGED TO 3.8 MEV.
MT=16 EN,ZN&

ADOPTED WERE THE EVALUATED DATA IN JENDL-2 WHICH HAVE BEEN

EVALUATED BASED ON THE EXPERIMENTAL DATA OF WENUSCH+62/14/,
BORMANN+68/15/, MASLOV+72/16/, QAIM72/17/, SAILER+77/18/ AND
GHORAI+87/19/.

MT=22 (N,NAa
CQLCULATED WITH THE GNASH CODE/20/ AND NORMALIZED.

= N,NP
ALCULATES WITa THE GNASH CODE/20/ AND NORMALIZED.
102 CAPTURE

CALCULATED WITH THE CASTHY CODE/11/ AND NORMALIZED TO 28.5 MB
AT 50 KEV SO AS TO REPRODUCE THE ELEMENT DATA OF 10 MB.

MT=

MT=103 (N,P
CALCULATED WITH THE GNASH CODE/20/ AND NORMALIZED AT 14.8 MEV
TO THE RECOMMENDED VALUE OF FORREST/21/.

MT=107 (N,A%
CALCULATED WITH THE GNASH CODE AND NORMALIZED AT 14.8 MEV TO
THE AVERAGE VALUES OF THE EXPERIMENTAL DATA/22,23/. THE DATA
WERE MODIFIED NEAR THE THRESHOLD IN REFERRING 10 THE THE
EXPERIMENTAL DATA OF PAULSEN /24/ FOR THE ELEMENT CR(N,A).

MT=251 MU-BAR
CALCULATED WITH OPTICAL MODEL.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
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MT=2 ELASTIC SCATTERING
CALCULATED WITH THE CASTHY CODE/11/.
MT=51-62 INELASTIC SCATTERING
CALCULATED WITH THE CASTHY CODE/11/ AND THE DWUCK CODE/13/.
MT=16, 22, 28, 91 (N,2N (N, NA N,NP), CONTINUUM INELASTIC
APPROXIMATELY TRANSFORMED FROM THE MF=6 DATA (DDX) OF JENDL
FUSION FILE.
F=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16, 22, 28, 91
APPROXIMATELY TRANSFORMED FROM THE MF=6 DATA (DDX) OF JENDL
FUSION FILE.

YAMAMURO N.: JAERI-M 90-006 5 990

ENSDF: EVALUATED NUCLEAR STRUCTURE DATA FILE BNL/NNDC
STIEGLIZ R.G. ET AL.: NUCL. PHYS. A163, 592 a

BEER H. AND SPENCER R.P.: KFK-2063 (1974), ALSO NOCL. PHYS.
A240, 29 (1975).

LLEN B.J. AND MUSGROVE A.R.DE L.: NEUTRON DATA OF STRUCTURAL
MATERIALS FOR FBR, 1977 GEEL MEETING, P.447, PERGAMON PRESS

J

ET AL.: AAEC/E 400 (1977).

EF
% CHIBA S. ET AL.: JAERI-M 92-027, P.35 (1992).
3
4
5

7 2J.

8) AGRAWAL H.M. ET AL.: PHYS. REV. C30 1880 (1984).

9) BRUSEGAN A. ET AL.: 85SANTA FE VOL. .633 (198b).

0) MUGHABGHAB S.F. ET AL.: "NEUTRON CROSS SECTIONS™, VOL.1,
PART A (1981&.

1) IGARASI S. AND FUKAFORI T.: JAERI 1321 %

2) DATA TAKEN FROM ENSDF(EVALUATED NUCLEAR STRU TURE DATA FILE).

3) KUNZ P.D.: UNPUBLISHED.

4) WENUSCH R. ET AL.: OSA 99, 1 (1962).

5) BORMANN M. ET AL.: NUCL. PHYS. A115, 309 81968

6) MASLOV G.N. ET AL.: NUCL. CONST. VOL.9,

7 gAIM S.M.: NUCL. PHYS. A185, 614 ( 972).

8 AILER K. ET AL 1977 KIEV CONF. VOL.1, 246 (1977).

9) GHORAI S.K. ET AL.: J. PHYS. G13, 405 51987).

0) YOUNG P.G. AND ARTHUR E.D.: LA-6947 (1977).

1) FORREST R.A.: AERE-R-12419 E1986).

2) GRIMES S.M. ET AL.: PHYS. REV. C19, 2127 (1979)

3) DOLJA G.D. ET AL 1973 KIEV_CONF. VOL.3, 131 (1973)

4) PAULSEN A.: NUCL. SCI. ENG. 78, 377 (1981).



MAT number = 2434
24-CR- 53 NEDAC EVAL-MAR87 T.ASAMI&NEDAC)

STORY DIST-SEP89 REV2-SE
-03 NEW EVALUATION WAS MADE FOR JENDL-3
-12  ME/MT=3/107 MODIFIED.
-09 JENDL-3.2.

COMPILED BY T.NAKAGAWA (NDC/JAERI)

*kkkx MODIFIED PARTS FOR JENDL_3-2 kkhkkhkkhkhkkhkkhkhkkhkhkkhkhkkhhkkhkki*k
4,16-28), (4,91) TAKEN FROM JENDL FUSION FILE
91 TAKEN FROM JENDL FUSION FILE

***********************************************************

HIST
87-0
88-1
93-0

JENDL FUSION FILE /1/ (AS OF SEP. %
EVALUATED B.YU SCIAE) AND S. CHIBA (ND /JAERI)
COMPILED BY B.Y

ALL OF CROSS SECTIONS WERE TAKEN FROM JENDL-3. MF=6 OF
MT=16, 22, 28 AND 91 WERE CREATED WITH SINCROS-11 /2/ AND
F15TOB/1/ PROGRAM. MODIFIED-KUMABE®S SYSTEMATICS /1/ WAS
USED. THE PRECOMPOUND/COMPOUND RATIO WAS CALCULATED BY
THE SINCROS-11 CODE SYSTEM.

OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
IN THE SINCROS-11 CALCULATION ARE DESCRIBED IN REF./2/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/3/.

MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS

MT=151 RESOLVED RESONANCE PARAMETERS
RESOLVED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN THE ENERGY
REGION FROM 1.0E-5 EV TO 120 KEV. EVALUATED BASED THE
EXPERIMENTAL DATA OF STIEGLITZ+71/4/, BEER+74/5/, ALLEN+77/6/,
KENNY+77/77, BRUSEGAN+86/8;189D MUELLER+71/9/. EFFECTIVE

o
=

SCATTERING RADIUS = 5.4 FM
CALCULATED 2200 M/S CROSS SECTIONS AND RESONANCE INTEGRAL.
2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)
ELASTIC 7.78
CAPTURE 18.2 8.61
TOTAL 25.9
MF=3  NEUTRON CROSS SECTIONS
BELOW 120 KEV, NO BACKGROUND CROSS SECTION WAS GIV
ABOVE 120 KEV. THE TOTAL AND PARTIAL CROSS SECTION §"iiere G1ven
POINTWISE.
MT=1 TOTAL
OPTICAL AND STATISTICAL MODEL CALCULATION WAS MADE WITH
THE CASTHY CODE/11/. THE OPTICAL POTENTIAL PARAMETERS USED ARE
Y = 46,78 - 0.262%EN 0=7.0 MEV
WS = 4.87 + 0,.352*EN, W =0 MEV
Rz 130, RE= 148, Rso= 1.30 FM
A = 0.55. = 0.40, ASO = 0.48 FM
SURPACE” INACINARY PART 1S TN DERIVATIVE 00DS-SAXON FORM.
MT=2 ELASTIC SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.
MT=4, 51-63, 91 INELASTIC SCATTERING
CALCULATED WITH THE CASTHY CODE/11/, TAKING ACCOUNT OF THE
CONTRIBUTION FROM THE COMPETING PROCESSES AND USING THE
DISCRETE LEVEL DATA/3/ SHOWN BELOW. THE CONTRIBUTIONS FROM
THE DIRECT PROCESS FOR THE LEVELS MARKED WITH *** WERE
CALCULATED WITH THE DWUCK CODE/12/. THE DEFORMATION PARAME-
TERS USED IN THE CALCULATION WERE ASSUMED BASED ON A WEAK
COUPLING MODEL.
LEVEL ENERGY(MEV)  SPIN-PARITY
G.S. 0.0 3/2-
1 0.5640 1/2- *
2 1.0063 5/2- *
3 1.2895 7/2- *
4 1.5366 7/2- *
5 1.9736 5/2- *
6 2.1724 11/2-
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LEVELS ABOVE 3.435 MEV WERE ASSUMED TO BE OVERLAPPING.

THE CALCULATED DATA FOR THE INELASTIC SCATTERING WERE FINALLY
LUMPED FOR THE CONVENIEINCE ON THE CONSTRUCTION OF THE ELEMENT
DATA AS FOLLOWS:

MT NO. LEVEL ENERGY(MEV) LUMPING
51 0.5640 1
52 1.0063 2
53 1.2895 3
54 1.5366 4
55 1.9736 5
56 2.1724 6
57 2.2330 7
58 2.3208 8
59 2.4531 9
60 2.6570 10-13
61 2.7720 14
62 2.8266 15
63 2.9930 16
91 2.9930 OVER 17
MT=16 N, 2N
W= géLCULATEéN hla THE GNASH CODE/13/.
W= CQLCULATE%N hga THE GNASH CODE AND NORMALIZED.
CALCULATED WITa THE GNASH CODE AND NORMALIZED.
102 CAPTURE

"CALCULATED WITH THE CASTHY CODE/11/ AND NORMALIZED AT 50 KEV
TO REPRODUCE THE ELEMENT DATA OF 10 MB.

MT=103 EN,PE
BELOW 9 MEV, EVALUATED BASED ON THE EXPERIMENTAL DATA OF
SMITH/14/. ABOVE 9 MEV, CALCULATED WITH THE GNASH CODE/13/
AND NORMALIZED SO AS TO BE CONNECTED WITH SMITH"S EXPERIMENTAL

DATA/14/.

MT=107 %
CALCULATED WI H THE GNASH CODE/13/ AND NORMALIZED AT 14.7 MEV
TO DOLJA*S EXPERIMENTAL DATA/15/. THE DATA NEAR THRESHOLD
WERE MODIFIED IN REFERRING TO THE EXPERIMENTAL DATA FOR THE
ELEMENT CRSN,ALP A)/16/.

MT=251 MU-BAR
CALCULATED WITH OPTICAL MODEL.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2 ELASTIC SCATTERING
CALCULATED WITH THE CASTHY CODE/11/.
MT=51-63 INELASTIC SCATTERING
CALCULATED WITH THE CASTHY CODE AND THE DWUCK C
MT=16, 22, 28, 91 g & N,NP), CONTINU
APPROX IMATELY TRANSFO MED FRO E'MFZ6 DATA (D
FUSION FILE.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16, 22, 28, 91
BE 8%IMAIELY TRANSFORMED FROM THE MF=6 DATA (DDX) OF JENDL

ocC O

REFERENCES

% CHIBA S. ET AL.: JAERI-M 92-
3
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027, P.35 (1992).
YAMAMURO N.: JAERI-M 90-006 519
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S. A163, 592 (19713
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LS FOR FBR, 1977 GEEL MEETING, P.447, PERGAMON PRESS
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M.J. ET AL.: AAEC/E-400 (1977).

AN A. ET AL.: 85SANTA FE VOL.1 P.633 (1986).
R K.N. ET AL.: NUCL. PHYS. Al64, 97 (1971).
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MAT number = 2437

24-CR- 54 NEDAC EVAL-MAR87 T.ASAMI&NEDAC)
DIST-SEP89 REV2-SE

HISTORY

87-03 NEW EVALUATION WAS MADE FOR JENDL-3.

93-09 JENDL-3.2.

MF=

=
—

=
—

2
R
R
E
K
5.

3

COMPILED BY T.NAKAGAWA (NDC/JAERI)

*kkkx MODIFIED PARTS FOR JENDL_3-2 kkhkkhkkhkhkkhkkkhkhkkhkhkkhkhkkihkkikxki*k
4,16-28 (4,91) TAKEN FROM JENDL FUSION FILE
TAKEN FROM JENDL FUSION FILE

***********************************************************

JENDL FUSION FILE /17 (AS OF SER. 1993)
EVALUATED B.YU_(CTAE) "AND S.CHIBA™ (NDC/JAERT)
COMPILED BY B.Y
ALL OF CROSS SECTIONS WERE TAKEN FROM JENDL-3. MF=6 OF
MT=16, 22, 28 AND 91 WERE CREATED WITH SINCROS-i1 /2/ AND
F15T08/1/ PROGRAM. MODIFIED-KUMABE®S SYSTEMATICS /1/ WAS
USED. THE PRECOMPOUND/COMPOUND RATIO WAS CALCULATED BY
THE SINCROS-I1 CODE SYSTEM.
OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
IN THE SINCROS-i1 CALCULATION ARE DESCRIBED IN REF./27.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/37.
GENERAL INFORMATION
451 DESCRIPTIVE DATA AND DICTIONARY
RESONANCE PARAMETERS
151 RESOLVED RESONANCE PARAMETERS
ESOLVED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN THE ENERGY
EGION FROM 1.0E-5 EV TO 300 KEV. EVALUATED BASED ON THE
XPERIMENTAL DATA OF STIEGLITZ+71/4/, BEER+74/57, ALLEN+77/6/,
ENNY+77/7/ AND BRUSEGAN+86/8/. EFFECTIVE SCATTERING RADIUS =
3 FM/9/.
CALCULATED 2200 M/S CROSS SECTIONS AND RESONANCE INTEGRAL.
2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)
ELASTIC 2.54
CAPTURE 036 0.18
TOTAL 290
NEUTRON CROSS SECTIONS
BELOW 300 KEV, NO BACKGROUND CROSS SECTION WAS GIVEN.
ABOVE 300 KEV. THE TOTAL AND PARTIAL CROSS SECTIONS WERE GIVEN
POINTWISE.
1 TOTAL
OPTICAL AND STATISTICAL MODEL CALCULATION WAS MADE WITH THE
CASTHY CODE/10/. THE OPTICAL POTENTIAL PARAMETERS USED ARE:
V = 46.78 - 0.262*EN, VSO = 7.0 MEV
WS = 4.87 + 0.352%EN, W = 0 MEV
R=1.30, RS = 1.40, RSO = 1.30 FI
A = 0.55. B =0.40, ASO = 0.48 FM
SURFACE’ IMAGINARY PART IS IN DERIVATIVE WOODS-SAXON FORM.
2 ELASTIC SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.
4, 51-60, 91 INELASTIC SCATTERING
CALCULATED WITH THE CASTHY CODE/10/, TAKING ACCOUNT OF THE
CON- TRIBUTION FROM THE COMPETING PROCESSES AND USING THE
DISCRETE LEVEL DATA/3/ SHOWN BELOW. THE CONTRIBUTIONS FROM
THE DIRECT PROCESS FOR THE LEVELS MARKED WITH *** WERE CALCU-
LATED WITH THE DWUCK CODE/11/. THE DEFORMATION PARAMETERS USED
IN THE CALCULATION VWERE ASSUNED BASED ON A WEAK COUPLING
LEVEL ENERGY(MEV)  SPIN-PARITY
G.S. 0.0 0+
1 0.8349 2+ *
2 1.8237 4+ *
3 2.6195 2+ *
4 2.8294 0+ *
5 3.0739 2+ *
6 3.1600 2+ *
7 3.2225 6+
8 3.3920 1+
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LEVELS ABOVE 4.088 MEV WERE ASSUMED TO BE OVERLAPPING.

THE CALCULATED DATA FOR THE INELASTIC SCATTERING WERE FINALLY
LUMPED FOR THE CONVENIENCE ON THE CONSTRUCTION OF THE ELEMENT
DATA AS FOLLOWS:

MT NO. LEVEL ENERGY(MEV) LUMPING

51 0.8349 1

52 1.8237 2

53 2.6195 3

54 2.8294 4

55 3.0739 5

56 3.1600 6

57 3.2225 7

58 3.3920 8

59 3.4366 9

60 3.4680 10

91 3.5140 OVER 11
6 N, 2N
géLCULATEéN hla THE GNASH CODE/12/.
CQLCULATE%N hga THE GNASH CODE AND NORMALIZED.
CALCULATED WITa THE GNASH CODE AND NORMALIZED.
102 CAPTURE

"CALCULATED WITH THE_CASTHY CODE/10/ AND NORMALIZED AT 50 KEV
?83AS TO RE PSODUCE THE ELEMENT DATA OF 10 MB.

CALCULATED WI%H THE GNASH CODE/12/ AND NORMALIZED AT 14.7 MEV
18 AN AVE?QGE VALUE OF THE EXPERIMENTAL DATA/13,14,15/.
CALCULATED WI%H THE GNASH CODE AND NORMALIZED AT 14.8 MEV

TO AN AVERAGE VALUE OF THE EXPERIMENTAL DATA/14,15,16/.

=251 MU-BAR
CALCULATED WITH OPTICAL MODEL.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

R

MT=
MT=
MT=

.T_

2 ELASTIC SCATTERING

CALCULATED WITH THE CASTHY CODE/10/.

51-60 INELASTIC SCATTERING

CALCULATED WITH THE CASTHY CODE AND THE DWUCK CODE/11/.

16, 22, 28, g & ﬁN ,NP), CONTINUUM INELASTIC
éB ? ﬁIM?IELY TRANSFO MED FRO E'MFZ6 DATA (DDX) OF JENDL

SGY nggTIBUTIONS OF SECONDARY NEUTRONS
ﬁiM?IELY TRANSFORMED FROM THE MF=6 DATA (DDX) OF JENDL

0
0
5 E
= 2
0
0

ERENCES
CHIBA S. ET AL.: JAERI-M 92-027, P.35 (1992).
YAMAMURO N.: JAERI-M 90-006 19903
DATA TAKEN ERON ENSDF(EVALUATED NUCLEAR STRUCTURE DATA FILE).
STIEGLIZ R.G. ET AL.: NUCL. PHYS. A163, 592 19713
BEER . ZAND SPENCER R.P.< KFK-2063 (1974), ALSO NOCL. PHYS.
A240, 29 (1975).

.J. AND MUSGROVE A.R.DE L.: NEUTRON DATA OF STRUCTURAL
LS FOR FBR, 1977 GEEL MEETING, P.447, PERGAMON PRESS

J. ET AL.: AAEC/E 400 (1977)
A. ET AL.: 85SANTA FE VOL.1 P.633 §1986)
AB S.F. ET AL.: "NEUTRON CROSS SECTIONS ™, VOL.1, PART

S. AND FUKAHORI T.: JAERI 1321 (1991).
.- UNPUBLISHED.
G. AND ARTHUR E.D.: LA-6947 (1977).
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MAT number = 2525

25-MN- 55 JAERI,MAPI EVAL-MAR87 K.SHIBATA,T.HOJUYAMA

H?§¥O§$’ 955 (1989) DIST-SEP89 REV2-AUG93

87-03 RESONANCE PARAMETERS WERE EVALUATED BY T.HOJUYAMA &MAPI)
MULTISTEP HAUSER-FESHBACH CALCULATIONS WERE PERFOR
BY K.SHIBATA (JAERI

88-01 COMPILED BY K.SHIBATA (JAERI) .

88-03 COVARIANCE DATA ADDED

91-08 MODIFED BY B.YU gCIAE AND S_CHIBA (NDC/JAERI) AS FOLLOWS
FOR JENDL FUSION ILE/20/.
COMPILED BY B.YU.

CROSS SECTIONS WERE MAINLY TAKEN FROM JENDL-3.1. THE (N,N%)
CONTINUMM CROSS SECTION (MT=91) IN THE WHOLE ENERGY REGION AND
ITS SPECTRA WERE TAKEN FROM THE SINCROS-I11 /21/ CALCULATION.
SEVERAL DISCRETE LEVEL SCATTERING CROSS SECTIONS (MT=67, 68, 69,
70, 71, 72, 73, 74, 75, 76, 77, 78, 79) AND THEIR ANGULAR DISTRI-
BUTIONS WERE DELETED AS WELL AS THEIR COVARIANCE MATRICES
BECAUSE THEY ARE INCLUDED IN THE NEW CONTINUUM INELASTIC

QECSgTEgéNS CgOSS SECTION TAKEN FROM THE SINCROS-11 CALCULATION.
K&BESG OF THE JENDL FUSION FILE WAS CONVERTED TO FILES 4
DATA WERE COMPILED BY K. SHIBATA (JAERI).
MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY
MF=2 RESONANCE PARAMETERS
MT=151 ESOLVED RESONANCE PARAMETERS FOR MLBW FORMULA

THE PARAMETERS OF THE LOWEST FOUR RESONANCES WERE TAKEN

FROM THE WORK OF MACKLIN /1/. OTHERS WERE TAKEN FROM THE

COMPILATION OF MUGHABGHAB ET AL./2/ EXCEPT THAT THE

PARAMETERS OF TWO NEGATIVE RESONANCES WERE ADJUSTED SO AS

TO FIT TO EXPERIMENTAL THERMAL CROSS SECTIONS.

RESONANCE REGION : OE 5 EV TO 100 KEV.

SCATTERING RADIUS:

CALCULATED 2200—M/S CROSS SECTIONS AND RES. INTEGRALS

2200-M/S ES. INTEG.
ELASTIC 2.167 B
CAPTURE 13.413 B 11.77 B
TOTAL 15.579 B -
MF=3 NEUTRON CROSS SECTIONS
MT=1 TOTAL
BELOW 100 KEV : NO BACKGROUND
ABOVE 100 KEV : BASED ON THE EXPERIMENTAL DATA /3,4,5/.
MT=2 ELASTIC SCATTERING
(TOTAL) - (NONELASTIC CROSS SECTION)
MT=3 NON ELASTIC
SUM OF MT=4, 16, 22, 28, 102, 103, 104, 105, 106 AND 107
MT=4,51-66,91 INELASTIC SCATTERING
STATISTICAL-MODEL CALCULATIONS WERE PERFORMED USING THE
TNG CODE /6/ THE PRECOMPOUND PROCESS WAS CONSIDERED
ABOVE 5 MEV. THE CALCULATED CROSS SECTION OF MT=51
WAS MULTIPLIED BY A FACTOR OF 1.2.
FOR THE LEVELS OF MT=51,52,57,61,64,65,67,70,
THE DIRECT PROCESS COMPONENTS WERE TAKEN iNTO ACCOUNT
BY THE DWBA CALCULATIONS.
THE OPTICAL POTENTIAL PARAMETERS USED ARE AS FOLLOWS/7/
IN THE UNITS OF MEV AND FME
V. = 49.747 - 0.4295*E - 0.0003*E**2 RO = 1.287 A0 = 0.56
WS = 11.2 - 0.09*E RS = 1.345 AS = 0.47
VS0= 6.2 RSO= 1.120 ASO = 0.47
THE LEVEL SCHEME WAS TAKEN FROM REF. /8/
NO. ENERGY(MEV) SPIN-PARITY
G.S 0.0 5/2 -
1. 0.126 7/2 -
2. 0.984 9/2 -
3. 1.290 1/2 -
4. 1.292 11/2 -
5. 1.293 1/2 -
6. 1.528 3/2 -
7. 1.884 7/2 -
8. 2.015 7/2 -
9. 2.198 7/2 -
10. 2.215 5/2 -
11. 2.252 3/2 -
12. 2.267 5/2 -
13. 2.312 13/2 -
14. 2.366 5/2 -



15. 2.398 9/2 +

16. 2.427 1/2 +

17. 2.563 3/2 -

18. 2.727 7/2 -

19. 2.753 5/2 -

20. 2.822 9/2 -

21. 2.824 5/2 -

22. 2.873 1/2 -

23. 2.954 3/2 -

24 . 2.976 3/2 -

25. 2.992 7/2 -

26. 3.006 3/2 -

27. 3.036 1172 -

28. 3.038 1/2 -

29. 3.040 3/2 +
LEVELS ABOVE 3.046 MEV WERE ASSUMED TO BE OVERLAPPING.
*Khkkk*k J 3 2 AAAAXAKRAXAKNAKXRAAAXAAIA XA AIAAAAhAhdhhhdhhhi*k

THE CROSS SECT ONS FOR MT=67-79 WERE DELETED AND THAT FOR
MT=91 WAS MODIFIED SO THAT THE CALCULATED SPECTRA COULD
GIVE A BETTER FIT TO THE MEASURED DDX DATA.

EE R R R R S R S R R R S R R R R R R o R S R S S S S S S S R S

MT=16,22,28,103,107 (N,2N N,N"A N,N"P N,P) AND (N,A

CROSS SECTIONS ( ). ( ) ( ). ( ) ( )
CALCULATED WITH TNG.
GLOBAL OPTICAL-POTENTIAL PARAMETERS WERE EMPLOYED
FOR PROTONS AND ALPHA-PARTICLES /9,10/.

MT=102 RADIATIVE CAPTURE CROSS SECTION
BELOW 100 KEV : RESONANCE PARAMETERS GIVEN (NO BACKGROUND)
ABOVE 100 KEV : BASED ON THE EXPERIMENTAL DATA /11/-/15/.

MT=104 EN,D CROSS SECTION

THE EXCITATION FUNCTION OF THE &N,P CROSS SECTION
CALCULATED WITH TNG WAS USED FOR_TH N,D) REACTION BY
SHIFTING THE THRESHOLD ENERGY. THE CROSS”SECTIONS WERE
NORMALIZED TO THE EXPERIMENTAL DATUM AT 14.1 MEV /16/.

U
T
A
MT=105 é CROSS SECTION
THE CITATION FUNCTION OF THE &N,P CROSS SECTION
CALCU
SHIFT
NORMA

C
=
M

X

LATED WITH TNG WAS USED FOR_TH N,T) REACTION BY
ING THE THRESHOLD ENERGY. THE CROSS SECTIONS WERE
LIZED TO THE EXPERIMENTAL DATUM AT 14.7 MEV /17/.

MT=106 (N,HE-3) CROSS SECTION
BASED ON THE EXPERIMENTAL DATA /18,19/.

MT=251 MU-BAR
CALCULATED FROM FILE-4.

MFM# 2. 51-66 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
OPTICAL AND STATISTICAL-MODEL CALCULATIONS
THE COMPONENTS OF THE DIRECT PROCESS WERE ADDED TO
THE LEVELS OF MT=51,52,57,61,64,65 BY THE DWBA
CALCULATIONS.
MT=16, 22, 28, 91
CONVERTED FROM THE FILE-6 OF THE JENDL FUSION FILE.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16, 22, 28, 91
CONVERTED FROM THE FILE-6 OF THE JENDL FUSION FILE.

MF=12 PHOTON PRODUCTION MULTIPLICITIES
MT=4,16,22,28,102,103,107
CALCULATED WITH TNG.
FOR MT=102, MODIFIED BY USING GAMMA-RAY INTENSITY DATA
IN ENSDF BELOW THERMAL ENERGY.

C
=
M

MF=14 PHOTON ANGULAR DISTRIBUTIONS
MT=4,16,22,28,102,103,107
ASSUMED TO BE I1SOTROPIC.
MF=15 PHOTON ENERGY DISTRIBUTIONS

MT=4,16,22,28,102,103,107
CALCULATED WITH TNG.
FOR _MT=102, MODIFIED BY USI
IN ENSDF BELOW THERMAL ENER

MF=33 COVARIANCE DATA
MT=1,2,3,4,16,22,28,51-66,91,102,103,104,105,106,107

g$ GAMMA-RAY INTENSITY DATA



ESTIMATED FROM EXPERIMENTAL DATA.
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MAT number =
26-FE- 0 JN

2600
D

(@Xe,]

EVAL-MAR87 S.11JIMA,H.YAMAKOSHI
DIST-SEP89 REV2-MAR94

HISTORY

87-03
87-05
*kkkk

92-09
93-11

94-03
*hkkhhkkk
NATURA

MF=1
MT=4

MF=2

MF=3

MT=1

MT=2
MT=3
MT=1

=

—
I

S

R
MT=1

N WAS PERFORMED FOR JENDL-3.
BY K_.SHIBATA (JAERI).

************************************************

g gAS MADE FOR TOTAL AND ELASTIC SCATTERING

0

|

CE PARAMETERS OF FE-58 WERE MODIFIED.

SCATTERING CROSS SECTIONS WERE REEVALUATED BY
ETE LEVELS WERE LUMPED SO THAT
BE PROPERLY TAKEN INTO ACCOUNT.
,28,91 WERE OBTAINED FROM THE

UCTION DATA WERE REVALUATED BY IGARASI SNEDAC)
A83,107% (13 107), SMALL CROSS- SECTION VAL

**************************************************
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L IRON DATA CONSTRUCTED FROM FE-ISOTOPES.

GENERAL INFORMATION
51 DESCRIPTIVE DATA AND DICTIONARY

EV TO 250.0 KEV

FORMULA WAS USED. PARAMETERS
WING SOURCES.

- 680 KEV. R=5.6 FM

E
1
E
H ER
E 4
% 0 - 400 KEV. R=5.4 FM FROM FIT-
H
R

NC

5 oL
RES NC E
THE LTILEVEL BREITZWI
WER DOPTED FROM THE F
54 PANDEY+/1/ F
56 : PEREY+/2/ FO
TING TO TOTA
PARAMETERS 0

0SS SECTION BELOW 60 KEV.

E 1.15 KEV RESONANCE WERE
TAKEN FROM THE RESULT OF THE NEANDC TASK
FORCE /3/.

FE-57 - ALLEN+/4/ FOR S-WAVE RESONANCES, AND BEER+/5/
FOR P-WAVE RESONANCES IN 0 - 185 KEV.
FE-58 : MUGHABGHAB+/6/.
FOR FE-56, A NEGATIVE LEVEL WAS ADDED AT -3.75 KEV WITH
NEUTRON WIDTH OF 100 EV AND GAMMA WIDTH OF 1.0 EV. NEUTRON
WIDTH OF 27.67-KEV RESONANCE WAS TAKEN AS 1420 EV.

CALCULATED 2200- M/S CROSS SECTIONS AND RES. INTEGRALS.
00-M/S INTEG.

RES.
ELASTIC 11 36 B
CAPTURE 2.56 B 1.340 B
TOTAL 13.92 B -

NEUTRON CROSS SECT ONS
BELOW 250 KEV, BACKGROUND CROSS SECTIONS WERE GIVEN.

TOTAL
FOR _ENERGIES 250 KEV - 20 MEV
TAKEN BY EYE-GUIDE USING INTE
NEUTRON DATA EVALUATION SYSTE
THE NUCLEAR DATA CENTER, JAER
MAINLY ADOPTED:
BELOW 500 KEV : PATTENDEN+/12/
500 KEV - 4.7MEV : CARLSON+/7/
4.7 MEV - 12 MEV : CIERJACKS+/8/
BY CONSIDERING EXPERIMENTAL RESOLUTION, CROSS SECTION SHAPE
WAS MADE_SHARPER.
ELASTIC SCATTERING
GIVEN AS TOTAL MINUS NONELASTIC CROSS SECTIONS
NONELASTIC
SUM OF MT=4,16,22,28,102,103,107

6,22,28,103
CALCULATED USING GNASH /9/.

- 1 NELASTIC SCATTERING

A WERE OBTAINED FROM THE CASTHY/10/ AND GNASH

. ISOTOPIC LEVELS WERE GROUPED INTO 25
TURAL ELEMENT. THE CONTRIBUTIONS FROM THE
gS WERE INCLUDED IN THE LEVELS OF MT=55,58,
N

L PARAMETERS USED IN THE CALCULATION ARE
.25*E , R0=1.286, A0=0.620
.2*E RS=1.390, AS=0.700
.2*E FOR FE-57

RSO

) =1.
S IN MEV UNIT, LENGTHS IN FM

G
0
0
R
L
F
H

UTION DATA WERE
LAY OF NDES

BY T.NAKAGAWA AT
OWING DATA WERE
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FOR MT=51, RESONANCE STRUCTURE OF FE-57 WAS TAKEN INTO

ACCOUNT
MT=55 &lST LEVEL OF FE-56)
850 KEV - 2.15 MEV

EVALUATED ON THE BASIS OF THE MEASUREMENTS/12,13/.
2.15 MEV - 4.6 MEV

MODIFIED BY CONSIDERING THE JENDL-2 DATA.
MT=61,66,68,70 (2ND,3RD,4TH AND 5TH LEVELS OF FE-56
THESE CROSS SECTIONS WERE MODIFIED AROUNF THRESHOLD BY
CONSIDERING THE MEASUREMENTS/14,15/.
MT=68,70,76-79,81-85,88,91
ABOVE 10 MEV, THESE CROSS SECTIONS WERE SLIGHTLY MODIFIED
ACCORDING TO THE JENDL FUSION FILE/16/, WHICH WAS
OBTAINED FROM SINCROS-11 /17/ CALCULATIONS.
EE R R S R R S R R S R R R R R R S R S S R S R S S R S S S

MT=102 CAPTURE
BACKGROUND CROSS SECTION WAS GIVEN BELOW 250 KEV.
ABOVE 250 KEV, THE CASTHY CALCULATION WAS ADOPTED.

MT=107 gN,ALPHAa

FOR FE-56, THE EVALUATION WAS MADE ON THE BASIS OF
EXPERIMENTAL DATA. FOR FE-54,57,58, THE GNASH CALCULATION
WAS ADOPTED.

MT=251 MU-BAR
CALCULATED WITH CASTHY /10/.

MFH# ZAQEUSGR DISTRIBUTIONS OF SECONDARY NEUTRONS

“"OPTICAL AND STATISTICAL-MODEL CALCULATIONS.
E C.C. CALCULATIONS WERE ADDED TO THE LEVELS OF MT=55,
3,64,65,70,73,74.

63,
8,91
ED FROM JENDL FUSION FILE.
8 é?TRIBUTIONS OF SECONDARY NEUTRONS
OBTAINED FROM JENDL FUSION FILE.
MFHIZ PHOTON MULTIPLICITIES
MT_1M3LTIPLICITIES WERE CALCULATED USING GNASH.
“ "CALCULATED WITH CASTHY.
MF=13 PHOTON PRODUCTION CROSS SECTIONS
MT=4,103,107
BELOW 2.5 MEV, DISCRETE GAMMAS WERE GIVEN.
MF=14 PHOTON ANGULAR DISTRIBUTIONS
MT=3,4,102,103,107
ASSUMED TO BE ISOTROPIC.
MFH%51890TON ENERGY DISTRIBUTIONS
“TBELOW 10 KEV, CALCULATED WITH CASTHY.
ABOVE 10 KEV, BASED ON THE DATA OF IGASHIRA ET AL./11/.
MT=3,103,107
CALCULATED WITH GNASH.

REFERENCES

1) PANDEY M.S. ET AL.: PROC CONF. NUCLEAR CROSS SECTIONS AND
TECHNOLOGY, WASHINGTON D.C. §1975%,

2) PEREY F.G. ET AL.: PROC. SPEC ALIS MEETING ON NEUTRON DATA
ngggRUCTURAL MATERIALS FOR FAST REACTORS, GEEL, (1977),

33 NAKAJIMA Y.: JAERI-M 85-035, P.196 (1985).

4) ALLEN B.J. ET AL.: PROC. SPECIALIST MEETING ON NEUTRON DATA
8F4§ERUCTURAL MATERIALS FOR FAST REACTORS, GEEL, (1977),

5) BEER H. AND SPENCER R.R.: KFK-2063 1974%.

6) MUGHABGHAB S.F. ET AL. "NEUTRON CROSS SECTIONS, VOL. 1,
PART A", ACADEMIC PRESS (1981).

7) CARLSON A.D. AND CERBONE R.J.: NUCL. SCI. ENG., 42, 28

1970).
8 IERJACKS S. ET AL.: KFK-1000 (1968).

9) YOUNG P.G. AND ARTHUR E.D.: LA-6947 (1977).

10) IGARASI S. : J. NUCL. SCI. TECHNOL., 12, 67 (1975).

11) IGASHIRA M. ET AL.: PROC. INT. CONF. NUCLEAR DATA"FOR
SCIENCE AND TECHNOLOGY, MITO, 1988, P.67, ﬁ 98 g.

12) VOSS F. ET AL.: PROC. INT. CONF. ON NEUTRON CROSS SECTIONS
AND TECHNOLOGY, KNOXVILLE 1971, P.191 (1971).
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MF=1
MT=

MF=2
MT=

MF=3

mber = 2625

- 54 JNDC EVAL-MAR87 S. IIJIMA,H YAMAKOSHI
Ry DIST-SEP89 REV2-NOV93
EVALUATION WAS PERFORMED FOR JENDL-3.
COMPILED BY K.SHIBATA (JAERI).
JENDL-3.
THE CROSS SECTIONS FOR MT=54,55 WERE MODIFIED BY
K. SHIBATA (JAERI).
THE Q-VALUE OF MT=102 WAS CORRECTED.
ANGULAR DISTRIBUTIONS FOR MT=16,22,28,91 WERE OBTAINED
FROM THE JENDL FUSION FILE /8/ (KALBACH™S SYSTEMATICS).
THE GAMMA PRODUCTION DATA WERE REEVALUATED BY S. IGARASI

NEDAC) .
SATA WERE COMPILED BY K. SHIBATA.
*khkkk*k MODIFIED PARTS FOR JENDL_3_2 khkkhkkkhkkhkkhkhkkhkhkkhkhkkhkkkhhkihkk

3,54%,(3,55) DIRECT COMPONENTS
,102) -VALUE CORRECTED
3,4 ECALCULATED

TOTAL - NONELASTIC

3.2
4.16),(4.22).(4.28). (4,

CONVERTED FROM JENDL FUSION FILE
(12,28),(12,102), (12,103

MULTIPLICITIES CORRECTED
(15,102) NEWLY CALCULATED BELOW 10 KEV

R ok ok ok S S S S R SR AR Rk ok R R R SRR Rk o SR R o R ok S ok Sk ok o ok SR SR SRk Rk T o R o

GENERAL INFORMATION
451 DESCRIPTIVE DATA AND DICTIONARY

RESONANCE PARAMETERS
151 RESOLVED RESONANCES
NANCE REGION = 1.0E-5 EV TO 250.0 KEV
MULTILEVEL BREIT—WIGNER FORMULA WAS USED. PARAMETERS

ADOPTED MAINLY FROM
ATIVE WIDTH TO BE 2.5

REF. /3/.
CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS.
2200-M/S INTEG.

RES.
ELASTIC 0.4929 B -
CAPTURE 2.156 B 1.33 B
TOTAL -

UTRON CROS
LOW 250 KE
TAL AND EL

PANDEY+/1/ BY ASSUMING THE AVERAGE
EV /72/. R=5.6 FM WAS TAKEN FROM

NE
BE S WERE GIVEN FOR THE
TO IONS ON THE UPPER
Sl KEV, THE CROSS
SE
SP ION WAS MADE BY USING CODE
CA ARAMETERS ARE AS FOLLOWS:
R0=1.286, A0=0.620
RS 1.390, AS=0.700
6.00 RS0=1.070,A50=0.620
(ENERGEES IN MEV, LENGTHS IN FM)

éNfHEAgNASH coB E /5/.

G
SS SECTIONS WERE CALCULATED USING
UCTUATION CORRECTIONS.
SH CALCULAB:%N WAS PERFORMED.
C

> O

59,68, THE ECT PROCESS
COMPONENT "WAS CONSIDERED BY THE C.C. THEORY.

LEVEL SCHEME 1S GIVEN AS FOLLOWS:

NO. ENERGY(MEV) SPIN-PARITY
G.S. 0.0 0 +
1. 1.4082 2 +
2. 2.5382 4 +
3. 2.5613 0 +
4. 2.9499 6 +
5. 2.9590 2 +
6. 3.1661 2 +
7. 3.2952 4 +
8. 3.3450 3 -
9. 3.8338 4 +
10. 4.0330 4 +
11. 4.0472 4 +



12. 4.0720 3+
13. 4.2632 4 +
14. 4.2961 0 +
15. 4.5980 2 +
16. 4.6550 2 +
17. 4.7000 3+
18. 4.7800 3 -
19. 4.9490 4 +
CONTINUUM LEVELS WERE ASSUMED ABOVE 5.145 MEV.
MT=102 CAPTU

CASTHY CALCULATION WAS ADOPTED.
MT=103 N,P)
BELOW 2.5 MEV, BASED ON THE DATA OF PAULSEN AND WIDERA/6/.
BETWEEN 2.5 AND 10 MEV, BASED ON THE DATA OF SMITH AND
MEADOWS/7/.
ABOVE 10 MEV, CALCULATED WITH GNASH.
MT=107 SN,ALPHA)
GNASH CALCULATION MULTIPLIED BY 0.94.
MT=251 MU-BAR
CALCULATED WITH CASTHY /4/.

MF§$ zAggU%éR DISTRIBUTIONS OF SECONDARY NEUTRONS
OPTICAL AND STATISTICAL-MODEL CALCULATION.
FOR MT=51,52,53,54,59,68, THE DIRECT- PROCESS COMPONENT
WAS TAKEN INTO ACCOUNT BY THE C.C. THEOR
MT=16,22,28,91
CONVERTED FROM THE FILE-6 OF THE JENDL FUSION FILE/8/.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,91
CALCULATED WITH GNASH.

T185I§6§IE8 AND TRANSITION PROBABILITY ARRAYS
IES WERE CALCULATED WITH GNASH.

02,103, CORRECTIONS WERE MADE.
MT=51-69

TRANSITION PROBABILITY ARRAYS

MF=14 PHOTON ANGULAR DISTRIBUTIONS
MT=16,22,28,51-69,91,102,103,107
ASSUMED TO BE ISOTROPIC.

MF=15 PHOTON ENERGY DISTRIBUTIONS
MT=16,22,28,91,102,103,107
CALCULATED WITH GNASH.
FOR MT=102, REPLACED WITH NEW CALCULATIONS BELOW 10 KEV.

w

REFERENCES

1) PANDEY M.S. ET AL.: PROC. CONEF. NUCLEAR CROSS SECTIONS AND
TECHNOLOGY, WASHINGTON D.C., (1975), P.748.

2) SPENCER R.R. AND BEER H.: KFK 2046, 79 glg B

3 MgggéBGHAB S.F. AND GARBER D.I.: BNL 32 3RD ED. VOL. 1

4 gGARA%I S. : J. NUCL. SCI. TECHNOL., 12, 67 (1975).

5) YOUNG P.G. AND ARTHUR E.D.: LA-6974 (19 &

6) PAULSEN A. AND WIDERA R.: PROC. CONF CHEMICAL NUCLEAR DATA,
MEASUREMENTS AND APPLICATION, CANTERBURY, 1971.

7) SMITH D.L. AND MEADOWS J.W.: NUCL. SCI. ENG., 58, 314 (1975).

8) CHIBA S. ET AL.: JAERI-M 92-027, P.35 (1992).



AT number = 2631
26-FE- 56 JNDC EVAL-MAR87 S.11JIMA,H.YAMAKOSHI
DIST-SEP89 REV2-MAR94

HISTORY

87-03 EVALUATION WAS PERFORMED FOR JENDL-3.

87-05 COMPILED BY K.SHIBATA (JAERI).

******JENDL_3 2 A A A K AR A AR A A A AR A A A AAR TR A AKX A AR AKX A AR A A d A ddhkdkhhd*k

93-07 MODFIFCATION WAS MADE FOR (3,51-55 ,E , ,6 , 3.
FILES 4 AND 5 FOR MT=16,22,28,19 WER OBTAI ED FROM THE
FILE-6 OF THE JENDL FUSION FILE /9/.

(3,2) = T TAL)— NONELASTI

93-11 DATA"FOR (12, 102% AND (15,102) WERE REEVALUATED BY
S. IGARASI NEDA

94-03 AS FOR S E AND ﬁ3 107) SMALL CROSS-SECTION VALUES
WERE REPLACED WIT
DATA WERE COMPILED BY K. SHIBATA (JAERI).

EE R R R S R S o R R R R R R S R S SR S S S R S S S R S R S R S R R R R S R

MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS

MT=151 RESOLVED RESONANCES
RESONANCE REGION = 1.0E-5 EV TO 250.0 KEV
THE MULTILEVEL BREIT-WIGNER FORMULA WAS USED. PARAMETERS
WERE ADOPTED FROM THE EXPERIMENTAL DATA BY PEREY+ /1/.
R=6.5 FM WAS SELECTED TO REPRODUCE THE 24-KEV WINDOW CROSS
SECTION. NEUTRON WIDTH OF 27.67-KEV RESONANCE WAS TAKEN AS
1420 EV. THE PARAMETERS OF THE 1.15-KEV RESONANCE WERE
TAKEN FROM THE RESULT OF THE NEANDC TASK FORCE /2/.
CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS.
2200-M/S RES. INTEG.

ELASTIC 12.46 B -

CAPTURE 2.813 B 1.446 B

TOTAL 15.27 B -

MF=3 NEUTRON CROSS SECTIONS

BELOW 250 KEV, BACKGROUND CROSS SECTIONS WERE GIVEN
FOR THE TOTAL AND ELASTIC SCATTERING CROSS SECTIONS.

" lABOVEO%EE KEV, CROSS SECTIONS WERE EVALUATED AS FOLLOWS.
SPHERICAL OPTICAL MODEL CALCULATION WAS MADE BY USING
CASTHY CODE /3/. PARAMETERS ARE AS FOLLOWS,

V = 46.0-0.25*E , R0=1.286, A0=0.620
WS = 14.0-0.20*E , RS=1.390, AS=0.700
VS0= 6.0 RS0=1.07,AS0=0.620

(ENERGIES IN MEV, LENGTHS IN FM)
MT=2 ELASTIC SCATTERING

GIVEN AS TOTAL MINUS NONELASTIC CROSS SECTIONS.
T=16,22,28 (N, a é ,N"A 5 "P)
CALCULATED WIT NASH 74
MT=4,51-77,91 INELASTIC SCATTERING

THE CASTHY AND GNASH CALCULATIONS WERE ADOPTED FOR
NEUTRON ENERGIES BELOW AND ABOVE 7 MEV, RESPECTIVELY.
THE DIRECT-PROCESS COMPONENT WAS CONSIDERED FOR MT=
51,52,53,54,77 BY THE C.C. THEORY.
THE LEVEL SCHEME IS GIVEN AS FOLLOWS:

NO. ENERGY(MEV) SPIN-PARITY

G.S. 0.0 0 +

1. 0.8468 2 +

2. 2.0851 4 +

3. 2.6576 2 +

4. 2.9417 0 +

5. 2.9600 2 +

6. 3.1200 1+

7. 3.1229 4 +

8. 3.3702 2 +

9. 3.3884 6 +

10. 3.4454 3 +

11. 3.4493 1+

12. 3.6009 2 +

13. 3.6019 2 +

14. 3.6070 0 +

15. 3.7480 2 +

16. 3.7558 6 +

17. 3.8320 2 +

18. 3.8565 3+

19. 4.0940 3+

20. 4.1003 3+



21. 4.1200 4 +
22. 4.2982 4 +
23. 4.3020 0 +
24 . 4.3950 3+
25. 4.4010 2 +
26. 4.4584 3+
27. 4.510 3

0

CONTINUUM LEVELS WERE ASSUMED ABOVE 4.701 MEV.
*kkKk*k JENDL 3 2 EE R R T o o S o R R R S R R S S R S S
FOR MF/MT=3/51 BETWEEN THRESHOLD AND 2.1 MEV, EVALUATED
DATA WERE OBTAINED FROM HIGH RESOLUTION DATA OF VOSS ET
AL. /7/ BY TAKING ACCOUNT OF GAMMA-RAY ANGULAR DISTRI-
BUTIONS /8/.
THE CROSS SECTIONS FOR MT=54,91 WERE REPLACED WITH THOSE
N IN THE JENDL FUSION FILE.
59, A POINT AT 11.7 MEV WAS DELETED.
R E, THE CROSS SECTIONS FOR MT=52-55 WERE MODI-

R D THRESHOLD BY CONSIDERING THE MEASUREMENTS

***************************************************

ROS
CONTAINED
AS FOR MT=
FURTHERMOR
FIED AROUN
/11,12
*kkh*k*k

MT=102 CAPTURE
BELOW 250 KEV, NO BACKGROUND.
THE CASTHY CALCULATION WAS ADOPTED
MT=103 &N,P
BELO EV, BASED ON THE DATA OF SWITH AND MEADOWS/5/.
7 - 13 MEV, TAKEN FROM_ JENDL-2.
13 - 16 MEV, BASED ON THE DATA OF IKEDA ET AL./6/
16 - 20 MEV, TAKEN FRON JENDL-2.
MT=107 (N,A
BASES ON EXPERINENTAL DATA.
MT=251 MU-BAR
CALCULATED WITH CASTHY /3/.

MFG% zAggU%éR DISTRIBUTIONS OF SECONDARY NEUTRONS
OPTICAL AND STATISTICAL-MODEL CALCULATIONS WERE ADOPTED.
THE C.C. CALCULATIONS WERE ADDED TO THE LEVELS OF MT=51,52,

w

MT=1 ,91
ED FROM JENDL FUSION FILE (KALBACH®"S SYSTEMATICS).

@O =

_—=N< ZN

ofmoo oo~
(w)

MT=1
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1,103,
D WITH GNASH.

D WITH CASTHY.
REFERENCES

1) PEREY F.G. ET AL.: PROC. SPECIALIST MEETING ON NEUTRON DATA
OFSEERUCTURAL MATERIALS FOR FAST REACTORS, GEEL, (1977),

2) NAKAJIMA Y.: JAERI-M 85-035, P. 196 (1985).

3) IGARASI S. : J. NUCL. SCI. TECHNOL., 12, 67 (1975).

4) YOUNG P.G. AND ARTHUR E.D.: LA—6974 19 7&

5) SMITH D.L. AND MEADOWS J.W.: NUCL. . G., 58, 314 (1975).

6) IKEDA Y. ET AL.: JAERI _ 1312 81988)

7) VOSS F. ET AL.: PROC. THIRD CONF. ON NEUTRON CROSS SECTIONS
AND TECHNOLOGY, 1971, KNOXVILLE, P.218 (1971).

8) SMITH D.L.: ANL/NDM—20 19768.

9) CHIBA S. ET AL.: JAERI-N 92-027, P.35 (1992).

10) YAMAMURO N.: JAERI-M 90-006 (1990).

11) HOPKINS J.C. AND SILBERT M.G.: NUCL. SCI. ENG.19,431 81964)

12) GILBOY W.B. AND TOWLE J.H.: NUCL. PHYS., 64, 130 (1965)



number = 2634
-FE- 57 JNDC EVAL-MAR87 S.11JIMA,H.YAMAKOSHI
DIST-SEP89 REV2-NOV93

STORY

-03 EVALUATION WAS PERFORMED FOR JENDL-3.

-05 COMPILED BY K.SHIBATA (JAERI)>

-11 JENDL-3.2
ANGULAR DISTRIBUTIONS FOR MT=16,22,28,91 WERE CONVERTED
FROM THE FILE-6 OF THE JENDL FUSION FiLE /5/ (KALBACH"S
SYSTEMATICS%
GAMMA PRODUCTION DATA FOR MT=102 WERE EVALUATED BY S.
IGARASI (NEDAC

DATA WER COMP%LED BY K. SHIBATA (JAERI).
*kkhk*k MODIFIED PARTS FOR JENDL_S_ RORCE SR R R o S b S Sk o ok R A SR

4,16 4,22 4,28),(4,91
( ) ) SBTAI&ES FRO& JENDL FUSION FILE.

(12,102),(15,102)
STATISTICAL MODEL CALCULATIONS.

AAKAKRAKAKRAKAIAKRA AR AR AR AKX AR AR AA AKX A A AR A A I A A A d A A dhkdAhdhkhkhhhhhkh*k

= GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY
RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCES
RESONANCE REGION = 1.0E-5 EV TO 200.0 KEV
&EEEMXBTILEVEL BREIT WIGNER FORMULA WAS USED. PARAMETERS

OPTED FROM ALLEN+/1/ FOR S-WAVE RESONANCES, AND
BEER+/2/ FOR P-WAVE RESONANCES IN O - 185 KEV.

CALCULATED 2200- M/S CROSS SECTIONS AND RES. INTEGRALS.

0-M/S RES. INTEG.
ELASTIC 0 2021 B
CAPTURE 2.462 B 1.43 B
TOTAL 2.664 B -

MF=3 NEUTRON CROSS SECTIONS

BELOW 200 KEV, BACKGROUND CROSS SECTION WAS GIVEN FOR
THE TOTAL AND CAPTURE_CROSS SECTIONS.
ABOVE 200 KEV, THE DATA WERE EVALUATED AS FOLLOWS.

MT=1 TOTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS MADE WITH CASTHY
(00 /3/ PARAMETERS ARE AS FOLLOWS,

= 46.0-0.25*E , R0O=1.286, A0=0.620
WS = 14.08-0.20*E , RS=1.390. AS=0.700
VS0= 6.00 RS0=1.07,AS0=0.620

(ENERGIES IN MEV UNIT, LENGTHS IN EM UNIT)
MT=2 ELASTIC SCATTERING
GIVEN AS TOTAL MINUS NONELASTIC CROSS SECTIONS
MT=3 NONELASTIC
SUM OF MT=4,16,22,28,102, 103 107
N,2N}45 “A), (N,N"P), (N,P),(N,A)
SCATTERING
CALCULATIONS WERE ADOPTED FOR
W AND ABOVE 7 MEV, RESPECTIVELY.
IS GIVEN AS FOLLOWS:
) SPIN-PARITY
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CONTINUUM LEVEL ASSUMED ABOVE 2.76 MEV.



MT=102 CAPTURE

CALCULATED WITH CASTHY.
MT=251 MU-BAR

CALCULATED WITH CASTHY.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2,51-71
CASTHY CALCULATION
MT=16,22,28,91
OBTAINED FROM JENDL FUSION FILE (KALBACH™S SYSTEMATICS)

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,91
CALCULATED WITH GNASH.

MF=12 PHOTON MULTIPLICITIES AND TRANSITION PROBABILITY ARRAYS
MT=16,2 ,28,91 103,107
" 1ggLTIPL CITIES WERE CALCULATED WITH GNASH.
" "CALCULATED WITH CASTHY.

MF=14 PHOTON ANGULAR DISTRIBUTIO
MT=16,22,28,51-71,91,102,103,1
ASSUMED TO BE ISOTOPIC.

MF=15 PHOTON ENERGY DISTRIBUTIONS
MT=16,22,28,91,103,107
CéLCULATED WITH GNASH.
CALCULATED WITH CASTHY.
REFERENCES
1) ALLEN B.J. ET AL.: PROC. SPECIALIST MEETING ON NEUTRON
DATA OF STRUCTURAL MATERIALS FOR FAST REACTORS, GEEL,

2) BEER H. AND gPENCER R.R.: KFK-2063 (1974).

N

NS
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3) IGARASI S. J. NUCL. SCI. TECHNOL. 12 67 (1975).
4) YOUNG P.G. AND ARTHUR E.D.: LA- 6974 gl
5) CHIBA S. ET AL.: JAERI-M 92-027, P.35 (19 2)



MAT number = 2637

26-FE- 58 JNDC EVAL-MAR87 S.11JIMA,H.YAMAKOSHI
DIST-SEP89 REV2-0CT93
HISTORY
87-03 EVALUATION WAS PERFORMED FOR JENDL-3.
87-05 COMPILED BY K.SHIBATA (JAERI).
93-10 JENDL-3.2.
RE-EVALUATION WAS MADE BY
T_NAKAGAWA (NDC/JAERI): RESONANCE PARAMS, CROSS SECTIONS
S.I1GARASI (NEDAC): GAfIMA-RAY PRODUCTION DATA BELOW 10 KEV
COMPILED BY T.NAKAGAWA
*k Kk kK MODIFIED PARTS FOR JENDL_3 2 AhkAkXAkdkhAhAkhhdhhkdhkkhdhxi
2,151)
3.1),°(3,2), (3,4), (3,51-91), (3,102
iélﬁégg)’ %4,51) Y (RkEn FR%M SENDL EUSION FILE
15,102 BELOW 1 MEV
KA K A A A AR A AR AR A AR AR A AR A A A AR AR A AR AR A AR AKX A AR A AR AR A A Ak dhkhhhd*

JENDL FUSION FILE /1/ AS OF AUG. 1993&
EVALUATED B. YU CIA AND S.CHIBA (NDC/JAERI)
COMPILED BY

ALL OF CROSS SECTIONS WERE TAKEN FROM JENDL-3 ME=6
OF MT=16, 22, 28 AND 91 WERE CREATED WITH SINCROS-I11 /2/
AND F15T0B/1/ PROGRAM. KALBACH™S SYSTEMATICS /3/ WAS
USED. THE PRECOMPOUND/COMPOUND RATIO WAS TAKEN FROM THE
SINCROS-11 CALCULATION.

OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
IN THE SINCROS-11 CALCULATION ARE DESCRIBED IN REF./2/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/4/.

MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCES
RESONANCE REGION = 1.0E-5 EV TO 350.0 KEV
THE MULTILEVEL BREIT-WIGNER FORMULA WAS USED. PARAMETERS
WERE DETERMINED ON THE BASIS OF DATA BY GARG ET AL./5/,
KAEPPELER ET AL./6/, ALLEN AND MACKLIN/7/.

CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS.
2200-M/S RES. INTEG.

ELASTIC 6 470 B -
CAPTURE .300 B 1.36 B
TOTAL .770 B -

MF=3 NEUTRON CROSS SECTIONS
BELOW 350 KEV, NO BACKGROUNE CR OES SECTIONS WEBESGIVEN

ABOVE 350 KEV. THE DATA WERE EVALUATED AS FOL
MT=1,4,51-62,91,102 TOTAL, INELASTIC AND CAPTURE
CALCULATED WITH OPTICAL AND STATISTICAL MODEL CODE CASTHY
/87 OPTICAL POTENTIAL PARAMETERS/9/ ARE AS FOLLOWS:
V = 46.0-0.25%EN (MEV
WS = 14.0-0.2*EN (MEV &IN THE GAUSSIAN FORM)
Wl = 0.125%E-0.0004*E**2 (NEV),
VSO= 6.0 SM vg,
R = 1.286 (FM), A0 = 0.62 (FM
RS = 1.387 (FM). AS = 0.7 EM
RSO= 1.07 (FM), ASO= 0.62 (FM
THE LEVEL SCHEME USED IS:
NO. ENERGY(MEV) ~ SPIN-PARITY
G.S. 0.0 0 +
1. 0.8108 2 +
2. 1.6747 2+
3. 2.0765 4 +
4. 2.1339 3+
5. 2.2581 0 +
6. 2.6004 4 +
7. 2.7819 1+
8. 2.8764 2+
9. 3.0840 2+
10. 3.1330 4+
11. 3.2330 2 +
12. 3.2440 0 +



LEVELS ABOVE 3.389 MEV WERE ASSUMED TO BE OVERLAPPING.
THE CAPTURE CROSS SECTION WAS NORMALIZED TO 3 MB AT 500
KEV/10/. DIRECT CAPTURE CROSS SECTION WAS CALCULATED
WITH A SIMPLE FORMULA DERIVED BY BENZI AND REFF0/11/ AND
ADDED TO THE CASTHY CALCULATION.

MT=2_ _ELASTIC

JOTAL CROSS SECTION - SUN OF PARTIAL CROSS SECTIONS

MT=16,22,28,103,107 éN ,2N), (N, N A),(N,N'P),(N,P),(N,A)

CALCULATED WITH GNASH 7127
MT=251 MU-BAR
CALCULATED WITH CASTHY /8/.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2,51-62
CASTHY CALCULATION
MT=16,22,28,91
APPROXIMATELY TRANSLATED FROM THE DATA IN MF=6 OF JENDL
FUSION FILE.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,2 ,28,91
CALCULATED WITH GNASH.

MF=12 PHOTON MULTIPLICITIES AND TRASITION PROBABILITIES
MT=16,22,28,91,103,107
" 5¥U%TIPL CITIES WERE CALCULATED WITH GNASH.

) ggANSITION PROBABILITIES WERE GIVEN.

MULTIPLICITIES WERE CALCULATED FROM ENERGY BALANCE.

MF=14 PHOTON ANGULAR DISTRIBUTIONS
MT=16,22,28,51-62,91,102,103,107
ASSUMED TO BE ISOTROPIC.

MF= 15 PHOTON ENERGY DISTRIBUTIONS
=16,22,28,91,103,107
W= 1S/é\LCULATED WITH GNASH.
BELOW 10 KEV, CALCULATED WITH CASTHY/8/. ABOVE 1 MEV, GNASH
CALCULATION WAS ADOPTED.

REFERENCES

1) CHIBA S. ET AL.: JAERI-M 92-027, P.35 (1992).

2) YAMAMURO N.: JAERI-M 90-006 (1990).

3) KALBACH C.: PHYS. REV., C37, 2350 (1988).

4) ENSDF: EVALUATED NUCLEAR STRUCTURE DATA FILE, BNL/NNDC.
5) GARG J.B. ET AL.: PHYS. REV., C18, 1141 (1978).

6) KAEPPELER F. ET AL.: NUCL. SCI. ENG., 84, 234 19833.

7) ALLEN B.J. AND MACKLIN R.L.: J. PHYS. G., 6, 381 (1980).
8) IGARASI S. AND FUKAHORI T.: JAERI 1321 (1991).

9) YAMAKOSHI H.: JAERI 1261, P.30 51979%

10) TROFIMOV JU.N.: ATOMNAJA ENERGIJA, 58, 278 (1985).

11) BENZI V. AND REFFO G.: CCDN/NW/10 51969

12) YOUNG P.G. AND ARTHUR E.D.: LA-697 (1977).



MAT number = 2725

27-C0- 59 KHI EVAL-AUG88 T.WATANABE
DIST-SEP89 REV2-APR94

HISTORY

88-08 NEWLY EVALUATED BY T.WATANABE
(KAWASAKIT HEAVY INDUSTRIES, LTD.)
94-04 JENDL-3.2.

GAMMA PRODCTION DATA EVALUATED BY T.ASAMI EDATA ENG.
OTHER DATA WERE MAINLY ADOPTED FROM JENDL FUSION FILE.
COMPILED BY T.NAKAGAWA

**%x%  NODIFIED PARTS FOR JENDL-
(3.4), (3,51-91), (4.16-91), (5, 1
ADOPTED FRON JENDL FUSFTON E

23,102)

3 2 kkhkkhkkkhkkhkkhhkkhkhkkhkhkkhkhkkihkkikki*k
16-
|

6-9
FIL )

3,2) " TO COMPENSATE THE ABOVE CROSS SECTION CHANGES
AMMA-RAY PRODUCTION DATA: NEW EVALUATION

AEKIA AR AR AR AR AR AR AKRAKRAKRAA A A A A AKX AR AR A A AR A A A XA A dA A hkhd A dhhdhhhhdk

JENDL FUSION FILE /1/ (AS OF NOV. 1
U (CIAE) AND S.

EVALUATED BY B.Y
COMPILED BY B.YU -
CROSS SECTIONS WERE MAINLY TAKEN FROM JENDL-3.1 EXCEPT
FOR THE (N,N*) (MT=51 TO 91) REACTIONS WHICH WERE TAKEN FROM
NEW CALCULATION WITH SINCROS-11/2/. ENERGY DISTRIBUTIONS
FOR MT=16, 22, 28 AND 91 WERE REPLACED BY THE SINCROS-11
CALCULATION. DDX gMF=63 WERE CREATED WITH F15TOB PROGRAM
/1/ IN WHICH MODIFIED KUMABE®S SYSTEMATICS /3/ WAS USED.
THE RATIO OF PRECOMPOUND TO COMPOUND WAS TAKEN FROM THE
SINCROS-11 CALCULATION. OPTICAL-MODEL, LEVEL DENSITY AND
OTHER PARAMETERS USED IN THE SINCROS-11 CALCULATION ARE
DESCRIBED IN REF./2/. LEVEL SCHEMES WERE DETERMINED ON THE
BASIS OF ENSDF/4/.
MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY
MF=2
MT=151 RESONANCE PARAMETERS : 1.0E-5 EV - 100 KEV
RESOLVED RESONANCES FOR MLBW FORMULA:
PARAMETERS WERE EVALUATED BASED ON EXPERIMENTAL DATA
/5,6,7/ AND MODIFIED TO REPRODUCE EXPERIMENTAL TOTAL
CROSS SECTIONS. NEGATIVE ENERGY LEVELS WERE ADDED TO
REPRODUCE 2200 M/S TOTAL AND CAPTURE CROSS SECTIONS.
CALCULATED 2200 M/S CROSS SECTIONS AND RESONANCE INTEGRALS
2200 M/SEC RES. INTEG.
ELASTIC 6.0 B -
CAPTURE 37.18 B 75.6 B
TOTAL 43.19 B -
MF=3 NEUTRON CROSS SECTIONS : ABOVE 100 KEV
MT=1 TOTAL
UP TO 4 MEV, BASED ON EXPERIMENTAL DATA /8,9/. ABOVE 4 MEV,
TOTAL CROSS SECTION WAS CALCULATED WITH OPTICAL AND
STATISTICAL MODEL CODE CASTHY/10/.
THE SPHERICAL OPTICAL POTENTIAL PARAMETERS WERE EVALUATED TO
REPRODUCE EXPERIMENTAL TOTAL CROSS SECTIONS /8,11/.
V = 49.65 - 0.114*EN MEV RO= 1.241 FM AO= 0.533 FM
WS= 8.625-0.05306*EN MEV RS= 1.421 FM B = 0.292 EM
VS0= 7.724 MEV RS0=1.151 FM AS0=0.7 FM
MT=2 ELASTC SCATTERING
TOTAL CROSS SECTION - SUM OF PARTIAL CROSS SECTIONS
MT= 4, 51 - 70, 91 INELASTIC SCATTERING
TAKEN FROM JENDL FUSION FILE. THE LEVEL SCHEME WAS TAKEN FROM
REF./4/ CONTRIBUTIONS OF THE DIRECT PROCESS WAS CALCULATED
FOR THE LEVELS MARKED WITH ***".
NO. ENERGY (MEV) SPIN-PARITY (DIRECT PROCESS)
G.S 0.0 7/2-
1 1.0993 3/2- *
2 1.1905 9/2- *
3 1.2920 3/2- *
4 1.4343 1/2-
5 1.4595 11/2- *
6 1.4820 5/2- *
7 1.7450 7/2- *



8 2.0630 5/2- *
9 2.0880 7/2- *
10 2.1460 7/2-
11 2.1533 15/2-
12 2.183 5/2-
13 2.205 5/2- *
14 2.3971 9/2-
15 2.479 7/2-
16 2.537 9/2-
17 2.5405 3/2-
18 2.5816 9/2+
19 2.584 5/2-
20 4.0 5/2- *
LEVELS ABOVE 2.584 MEV WERE ASSUMED TO BE OVERLAPPING.
MT=16 (N, 2N

BASED ON EXPERIMENTAL DATA /12,13,14,15/ AND YAMAMURO"S
THEORETICAL CALCULATIONS /16/.

MT=22,28,104 EN,N ALPHA),(N,NP%,#N,D)
YAMAMURO*®S EVALUATION WAS ADOPTED 716/.

MT=102 CAPTURE
STATISTICAL MODEL CALCULATION WITH CASTHY CODE /10/ WAS
PERFORMED. ABOVE 800 KEV, EYE-GUIDED CURVE TO THE EXPERIMENTAL
DATA /6,17,18,19/.

MT=103 (N,PE
BASED ON EXPERIMENTAL DATA /12,20,21,22/.

MT=107 (N,ALPHA@
JENDL-2 DATA WERE ADOPTED WITH
EVAIN"S EVALUATION /23/ AND EXP

MT=251 MU-BAR
CALCULATED FROM THE DATA IN MF=4.

SLIG ON BASED ON
ERIM 2,24/ .

MFH% ) ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

OPTICAL MODEL CALCULATION.
MT=16,22,28,51-70,91
ADOPTED FROM JENDL FUSION FILE.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=16,22,28,91
ADOPTED FROM JENDL FUSION FILE.

MF=12 GAMMA-RAY PRODUCTION MUTIPLICITIES AND TRANSITION

PROBABILITIES

MT=16,22,28,91,103,104,107
MTMg&TégLICITIES WERE CALCULATED WITH GNASH /25/
%TANSITION PROBABILITIES WERE GIVEN.

MT=102
FROM ENERGY BALANCE.

MF=14 GAMMA-RAY ANGULAR DISTRIBUTIONS

MT=16,22,28,51-68,91,102,103,104,107
ISOTROPIC DISTRIBUTIONS WERE ASSUMED.

MF=15 GAMMA-RAY ENERGY DI;TRIBUTIONS

R

1
1

MT=16,22,28,91,103,104,10
MTC?%SULATED WITH GNASH /25/
CALCULATED WITH CASTHY /10/ AT THERMAL ENERGY AND WITH GNASH
ABOVE 100 KEV.
EFERENCES
1) CHIBA, S. ET AL.: JAERI-M 92-027, P.35 (1992).
2) YAMAMURO, N.: JAERI-M 90-006 (1990).
3) KUMABE, I. ET AL.: NUCL. SCI. ENG., 104, 280 (1990&.
4) ENSDF: EVALUATED NUCLEAR STRUCTURE DATA FILE, BNL/NNDC.
5) GARG J.B. ET AL.: NUCL. SCl. ENG. 65,76 (1978).
6) SPENCER R.R. AND MACKLIN, R._L.: NUCL.SCI.ENG. 61,346 (1976).
7) MUGHABGHAB S.F. ET AL.:"NEUTRON CROSS SECTIONS VOL.1 PART A",
ACADEMIC PRESS (1981%.
8) FOSTER,JR. D.G. AND GLASGOW D.W.: PHYS. REV. C3, 576 (1973).
9) HARVEY J.A.: TAKEN FROM EXFOR E1986%.
0) IGARASI S. AND FUKAHORI T.: JAERI 1321 (1991).
1) CIERJACKS S.: KFK-1000 (1969).



12) IKEDA Y. ET AL.: JAERI 1312 (19882.

13) HASAN S.J. ET AL.: PROC. INT. CONF. NUCLEAR DATA FOR BASIC
AND APPLIED SCIENCE, SANTA FE, 1985, P.155 (1986).

14) HUANG JIAN-ZHOU ET AL.: CHINESE NUCL. PHYS. 3,59 (1981).

15) VEESER L.R. ET AL.: PHYS. REV. C16, 1792 (1977).

16) YAMAMURO N.: PRIVATE COMMUNICATION.

17) PAULSEN A.: Z._. PHYS. 205, 226 (1967).

18) RIGAUD F. ET AL.: NUCL. PHYS. A273, 551 (1971).

19) BUDNAR M. ET AL.: INDC(YUG)-6 E1979g.

20) SMITH D.L. ET AL.: NUCL. SCI. ENG. 58, 314 81975).

21) WILLIAMS J.R. AND ALFORD, W.L.: PROC. INT. CONF. NUCLEAR DATA
FOR BASIC AND APPLIED SCIENCE, SANTA FE, 1985, P.215 (1986).

22) HASAN S.J. ET AL.: J. PHYS. G12, 397 (1986).

23) EVAIN B.P. ET AL.: ANL/NDM-89 (1985%.

24) MEADOWS J.W. ET AL.: ANN. NUCL. ENERGY 14, 603 (1987).

25) YOUNG P.G. AND ARTHUR E.D.: LA-6974 (1977).



MF=1,
MF=2,

MF=3

umber = 2800
I- 0 NAIG EVAL-MAR87 S.I11JIMA
RY DIST-SEP89 REV2-NOV93
EVALUATION WAS PERFORMED FOR JENDL-3.
COMPILED BY K.SHIBATA (JAERI).
JENDL-3.2
GAMMA-RAY PRODUCTION DATA REVISED BY S. 1 (NE DAC?.
INELASTIC SCATTERING CROSS SECTIONS BY TA( JAERT).
COMPILED BY T.NAKAGAWA (NDC/JAERI).
*k Kk kK MODIFIED PARTS FOR JENDL 3 2 AhkAXAkAhAhAkddhdhhkdkhkkhdhx*i
%,% 557 KEV - 5 MEV
3,4), (3,51—91 RE-GROUPING INELASTIC SCATTERINGSIGS.
3,103), 3,111 SLIGHT MODIFICATION
4,16 - 4,28 , (4,91) FROM JENDL FUSION FILE
5,16) - (5,91 FROM JENDL FUSION FILE
ALL GAMMA- RAY RODUCTION DATA
KA R A A A AR A A A A A A A A A A A AR A A A AR A A A AR AA A AKX AR A AKX A XA AR A XA d A dhddhd*k
JENDL FUSION FILE /1/ SAS OF NOV. 1993)
EVALUATED AND COMPILED BY S. CHIBA (NDC/JAERI)
CROSS SECTIONS WERE TAKEN FROM JENDL-3.1. HOWEVER, ENERGY
DISTRIBUTIONS OF MT=16, 17, 22, 28 AND 91 WERE REPLACED BY
THOSE CALCULATED WITH SINCROS-I1 SYSTEM/2/. DDXS OF
CONTINUUM REACTIONS WERE CREATED WITH F15TOB PROGRAM /1/.
THE RATIO OF PRECOMPOUND TO COMPOUND WAS TAKEN FROM
SINCROS-11 CALCULATION. KUMABE®"S SYSTEMATICS/3/ WAS USED.
OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED IN
THE SINCROS-11 CALCULATION ARE DESCRIBED IN REF./2/. LEVEL
SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/4/.

MT=451 COMMENTS AND DICTIONARY

MT=151 RESOLVED RESONANCE PARAMETERS : 1.0E-5 EV - 557 KEV
CONSTRUCTED FROM RESONANCE PARAMETERS FOR 5 ISOTOPES WHICH
WERE MAINLY BASED ON THE FOLLOWING DATA:

SYME ET AL./5/, JENDL-2/6/
PERY ET AL./7,8/
JENDL-2/6/, MOXON/9/
JENDL-2/6/

JENDL-2/6/

LATED 2200 M/S VALUES AND RESONANCE INTEGRALS (BARN):
2200 M/S VALUE RES.INT.

TOTAL 22.241

ELASTIC 17.859 -

CAPTURE 4.383 2.143

NEUTRON CROSS SECTIONS

ANRFROO

5
6
6
6
6

Cc Z=Z=Z==

CALC

ES%OW 557 KEV, BACKGROUND CROSS SECTIONS APPLIED TO MT=1, 2 AND

CROSS SECTIONS ABOVE RESONANCE REGION WERE EVALUATED AS FOLLOWS:

MT=

MT=

MT=

MT=

MT=

1 : TOTAL CROSS SECTION
BASED ON THE HIGH-RESOLUTION DATA OF LARSON+/10/. THE CROSS
%Eggt8¥|8HAPE WAS UNFOLDED BY CONSIDERING EXPERIMENTAL

2 : ELASTIC SCATTERING
(TOTAL) - (NONELASTIC CROSS SECTIONS).

16,17,22,28,103,104,105, ﬁog)lgﬁ %%1(N(HE2§3 gN, g)(N 20
CSNSTRUCTED FRO& ISOTOP?C DATA. TR

4,51-70,91 : INELASTIC SCATTERING

ISOTOPIC LEVELS WERE GROUPED INTO 20 LEVELS OF NATURAL
ELEMENT. THE CONTRIBUTIONS FROM THE DIRECT PROCESS WERE
géKEgglN;g ACCOUNT FOR THE LEVELS OF MT=56, 59, 60, 61, 62,

102 : CAPTURE
CALCULATED WITH THE STATISTICAL MODEL CODE CASTHY /11/.



MT=251 : MU-BAR
CALCULATED WITH CASTHY /11/.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2 : CALCULATED WITH OPTICAL MODEL.
MT=16,17,22,28,91 : TAKEN FROM JENDL FUSION FILE.
MT=51-70 : CALCULATED WITH CASTHY. THE DIRECT PROCESS
gés CONSIDERED FOR MT=56,59,60,61,62,63,69,
MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,17,22,28,91 : TAKEN FROM JENDL FUSION FILE.

MF=12 PHOTON MULTIPLICITIES
MT=102 (BELOW 2 MEV%
MULTIPLICITIES OBTAINED FROM ENERGY BALANCE.

MF=13 PHOTON PRODUCTION CROSS SECTIONS
MT=3 ABOVE 2 MEV)
CONSTRUCTED FROM THE DATA OF NI-58 AND NI-60 CALCULATED WITH
GNASH, AND FOLLOWING FACTOR WAS MULTIPLIED BETWEEN 2.0 AND
18.0 MEV, BECAUSE THEY WERE TOO LOW COMPARED WITH EXPERIMENTS
FROM 4.0 TO 16.0 ME

V;
F(E)=EXP(0.0042(E-2.0)(18.0-E
MT=4 (BELOW 5 &E ( ( (¢ )
COMPOSITE DATA FROM LEVEL EXCITATION CROSS SECTIONS AND
BRANCHING RATIOS OF 5 ISOTOPES BELOW 2.0
MT=103, 107 (BELOW 2 MEV)
CALCULATED WITH GNASH.

MF=14 PHOTON ANGULAR DISTRIBUTIONS
MT=3,4,102,103,107: ISOTROPIC

MF&%SgPHOTON ENERGY DISTRIBUTIONS
CALCULATED WITH GNASH.
MT=102

CALCULATED WITH CASTHY FOR 5 ISOTOPES, TAKING PRIMARY
TRANSITIONS ON NI-58 AND 60, AT 1.0E-5, 2.53E-2, 1.0E+3 AND

1.0E+4 EV.
MT=103, 107
CALCULATED WITH GNASH.
REFERENCES

1) CHIBA, S. ET AL.: JAERI-M 92-027, P.35 (1992).

2) YAMAMURO, N.: JAERI-M 90-006 (1990).

3) KUMABE, I. ET AL.: NUCL. SCI. ENG., 104, 280 (19 90&

4) ENSDF: EVALUATED NUCLEAR STRUCTURE 'DATA FILE, BNL/NNDC.

5) SYME D.B. ET AL.: PROC. SPECIALIST"S MEETING ON NEUTRON DATA
OF STRUCTURAL MATERIALS FOR FAST REACTORS, GEEL, 508 DEC.
1977, P.703 1979}

6) KIKUCHI Y AND SEKINE N.: JAERI-M 85-101 (1985).

7) PEREY F.G. ET AL.: ORNL—5893 (1982).

8) PEREY C.M. ET AL.: PROC. INT. CONF._ ON NUCLEAR DATA FOR BASIC
AND APPLIED SCIENCE SANTA FE, 13-17 MAY 1985, P.1639 (1986).

9) MOXON M.C. KFK 2046 P.156 §1975)

10) LARSON D.C. ET ORNL-TM-8203 ( 983).
11) IGARASI S. AND FUKAHORI T.: JAERI 1321 (1991)



ATION WAS PERFOR
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MT=16, 22 AND 28: DATA AT THRESHOLD
ED. MF=12, MT=16, 91 AND 102 WERE SL

1
-3.2.
LED BY T.NAKAGAWA (NDC/JAERI)

MODIFIED PARTS FOR JENDL-3.2
28), (4,91) TAKEN FROM JENDL
91 TAKEN FROM JENDL
2 BELOW 500 KEV, RE
2 BELOW 500 KEV, RE
** *kkk*k
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—%7 SHORT DESCRIPTION

RGIES WERE

ENE
IGHTLY MODIFIED.
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* %

USION FILE

USION FILE

ISED BY S.IGASASI
1§ED BY S.IGARASI

dAhkkhkkkhkkkhkhkkhkhkkhkkhkihkhkk

AS OF SEP. 1993)
NDC/JAERI)

IONS WERE TAKEN FROM JENDL-3. EDX"S OF
1 WERE REPLACED BY THOSE CALCULATED

E SYSTEM/3/ IN ORDER TO MAKE THE

EDX OF NATURAL NI MEASURED BY BABA ET
DX"S OF CONTINUUM REACTIONS WERE
OGRAM /2/. KUMABE®S SYSTEMATICS

CREATE | R
ECOMPOUND/COMPOUND RATIO WAS

D
. D
B P
/5/ WAS USED. THE PR
CALCULATED BY THE SINCROS-11 CODE SYSTEM.
OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
IN THE SINCROS-11 CALCULATION ARE DESCRIBED IN REF./3/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/6/.

MF=1,MT=451 COMMENTS AND DICTIONARY

MF=2,MT=151 RESOLVED RESONANCE PARAMETERS : 1.0E-5 EV - 420 KEV
EVALUATION BASED ON THE FOLLOWING DATA.
S-WAVE RESONANCE PARAMETERS FROM SYME+/7/
P-WAVE RESONANCE PARAMETERS FROM JENDL-2 AND SYME+/7/
TWO NEGATIVE RESONANCES DUE TO PEREY+/8/ WERE ADOPTED

WITH MODIFICATION:

E = -50 KEV GAMMA-N 28 0 KEV GAMMA-G 0.0

E = -6.5 KEV GAMMA-N 400 EV GAMMA-G = 2.31 EV
GAMMA WIDTH OF 2.0 EV AND 1. O EV_WERE ASSUMED FOR_ UNKNOWN
%AwgﬁywlDTHS OF S-WAVE AND P-WAVE RESONANCES, RESPEC-

SCATTERING RADIUS : 6.0 FM

CALCULATED 2200 M/S VALUES AND RESONANCE INTEGRALS (BARN)
2200 M/S VALU RES.

TOTAL 30.
ELASTIC 26. 25 -
CAPTURE 4.503 2.16
MF=3 NEUTRON CROSS SECTIONS
BACKGROUND CROSS SECTIONS APPLIED TO THE RESONANCE REGION FOR
MEE&OQND 102. CROSS SECTIONS ABOVE 420 KEV EVALUATED AS

MT=1 : TOTAL CROSS SECTION

BETWEEN 420 KEV TO 677 KEV, EXPERIMENTAL DATA OF FARREL ET
AL./9/ WERE ADOPTED. FROM 677 KEV TO 20 MEV, CALCULATED
WITH OPTICAL MODEL. POTENTIAL PARAMETERS WERE OBTAINED BY
FITTING NAT-NI DATA /10/:

¥0:51 33 - 0.331*EN ,WS=

8
=RS0=1.24 ,RS:1.40
0=0.541 AS=0.4
SURFACE IMAGINARY PART IS IN DERIVATIVE WOODS-SAXON

MT=2_ : ELASTIC SCATTERING
(TOTAL) - (NONELASTIC CROSS SECTIONS).

.068 + 0.112*EN ,VS0=7.0 éMEV)

FM
FM
ORM.

MT=3 : NONELASTIC CROSS SECTION
SUM OF MT=4,16,22,28,102,103,104,105,106,107,111.
MT=16 (N, 2N

MAINLY BASED ON EXPERIMENTAL DATA OF IKEDA ET AL./11/ AND



PAVLIK ET AL./12/

MT=28 N N*
OBTAINED B% SUBTRACTIONG THE N,D) CROSS SECTION CALCULA
TED WITH PEGASUS FROM THE P+P +D)C0-57 CROSS SECTION
BASED ON IKEDA ET AL./11/ AND PAVLIK ET AL./12/ INVERSE
CROSS SECTIONS WERE CALCULATED FROM THE FOLLOWING OMP*®S:

PROTON = PEREY/13/
ALPHA = HUIZENGA AND 160/14/
DEUTERON = LOHR AND HAEBERLI1/15/
HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/16/
MT=22 SN,N'A)
CALCULATED USING THE PEGASUS CODE /17/ AND NORMALIZED TO
EXPERIMENTAL DATA/18/
MT=4,51-65,91 INELASTIC SCATTERING
THE CASTHY 719/ AND GNASH /20/ CALCULATION WAS ADOPTED IN
THE NEUTRON ENERGY REGION BELOW AND ABOVE 7 MEV, RESPEC-
TIVELY. THE DIRECT PROCESS WAS TAKEN INTO ACCOUNT FOR MT=
51, 52, 53, 55 AND 65. FOR THE LEVEL OF MT=65, ONLY THE
DIRECT PROCESS WAS CONSIDERED. THE LEVEL SCHEME USED IS
GIVEN AS FOLLOWS:
NO ENERGY(MEV) SPIN-PARITY
G.S 0.0 0 +
1. 1.4545 2 +
2 2.4591 4 +
3 2.7755 2 +
4 2.9018 1+
5 2.9424 0+
6 3.0376 2 +
7. 3.2634 2 +
8. 3.4203 3+
9. 3.5240 4+
10 3.5309 0 +
11 3.5934 1+
12 3.6200 4+
13 3.7744 3+
14 3.8983 2 +
15. 44753 3
CONTINUUM LEVELS ASSUMED ABOVE 3.932 MEV.
MT=102  CAPTURE
CALCULATED WITH CASTHY. THE GAMMA-RAY STRENGTH FUNCTION
OF 4.616E-5 WAS USED. LEVEL DENSITY PARAMETERS ARE:
PAIRING SPIN-CUTOFF F.
A(L/MEV) T(MEV) ENERGY(MEV)  (MEV**0.5) EX(MEV)
NI-58 6.850 1.30 2.47 5.726 9.610
NI-59 7.126 1.325 1.20 5.907 9.250

N,P

DL—§ WA% MODIFIED BY CONSIDERING EXPERIMENTAL DATA;

OW 2 MEV, DATA OF SMITH ET AL./21/, AND ABOVE 13 MEV 2
), DATA OF IKEDA ET AL./11/ AND PAVLIK ET AL./12/

ASUS CALCULATION WAS ALSO CONSIDERED ABOVE 15 MEV.

U

05,106,107,111 N, N,T N,HE-3 N, N, 2P)
ROSS SECTIONS WERE CA CSLATED(USING % é gAg
{17/. THE SN ,T) AND (N A CROSS SECTION WAS
S

I1ZED TO THE DATA OF AND STOECKLIN/22/ AND
ET AL./18/, RESPECT VELY

MT=251 MU-BAR
CALCULATED WITH OPTICAL MODEL.
MF=4 _ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2 CALCULATED WITH OPTICAL MODEL.
MT=51-64 : CALCULATED WITH CASTHY. DIRECT PROCESS
INCLUDED IN MT=51, 52, 53, 55.
MT=65 C.C. CALCULATION.
MT=16,22,28,91 APPROXIMATELY TRANSFORMED FROM THE MF=6 DATA
(DDX) OF JENDL FUSION FILE.
MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,91 : APPROXIMATELY TRANSFORMED FROM THE MF=6 DATA
(DDX) OF JENDL FUSION FILE.
MF 12 PHOTON MULTIPLICITIES AND TRANSITION PROBABILITY ARRAYS
=16,22,28,91,103,107:
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MAT number = 2831
28-NI1- 60 NAIG EVAL-MAR87 S.I11JIMA
DIST-SEP89 REV2-SEP93
HISTORY
87-03 EVALUATION WAS PERFORMED FOR JENDL-3. SHORT DESCRIPTION
ON THE EVALUATION IS GIVEN IN REF./1/
87-05 COMPILED BY K.SHIBATA (JAERI).
90-10 MF=5, MT=16, 22 AND 28: DATA AT THRESHOLD ENERGIES WERE
MODIFIED. MF=12, MT=16, 91 AND 102 WERE SLIGHTLY MODIFIED.
93-09 JENDL-3.2.
COMPILED BY T.NAKAGAWA (NDC/JAERI)
*k Kk kK MODIFIED PARTS FOR JENDL_3_2 AhkAkhAkdkhAhAkdhdhddhhkdhkkhdhxi
4,16-28), (4,91) TAKEN FROM JENDL FUSION FILE
5,16-91 TAKEN FROM JENDL FUSION FILE
12,102 BELOW 500 KEV, REVISED BY S.IGASASI
15,102 BELOW 500 KEV, REVISED BY S.IGARASI
KA K A A A AR A AR AR A AR AR A AR A A A AR AR A AR AR A AR AKX A AR A AR AR A XA Ak dhkddhd*
JENDL FUSION FILE /2/ AS OF SEP. 1993)
EVALUATED BY S.CHIBA (NDC/JAERI)
COMPILED BY S.CHIBA
ALL OF CROSS SECTIONS WERE TAKEN FROM JENDL-3.1. EDX"S
OF MT=16, 22, 28 AND 91 WERE REPLACED BY THOSE CALCULATED
WITH SINCROS-11 CODE SYSTEM/3/ BECAUSE NORMALIZATION
ERRORS WERE FOUND IN THE DATA STORED IN JENDL-3.1. DDX"S
OF CONTINUUM REACTIONS WERE CREATED WITH F15T0OB PROGRAM
/2/. KUMABE®"S SYSTEMATICS /4/ WAS USED. THE PRECOM-
ggg#EﬁCOMPOUND RATIO WAS CALCULATED BY THE SINCROS-11 CODE
OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
IN THE SINCROS-11 CALCULATION ARE DESCRIBED IN REF./3/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/5/.

MF=1,MT=451 COMMENTS AND DICTIONARY
MF=2,MT=151 RESOLVED RESONANCE PARAMETERS : 1.0E-5 EV - 456 KEV

EVALUATION BASED ON THE FOLLOWING DATA.
PARAMETERS IN JENDL-2 WERE MODIFIED WITH THE DATA OF
PEREY ET AL. /6/ TWO NEGATI VE RESONANCES WERE ADDED.
E = -50 KEV GAMMA-N KEV GAMMA-G = 0.0 EV
E = -656 EV GAMMA-N 60 EV GAMMA G =6.0 EV

CALCULATED 2200 M/S VALUES AND RESONANCE INTEGRALS (BARN):
2200 RES. INT.

OH
OO

M/S VALUE
TOTAL 4.316 -
ELASTIC 1.416 -
CAPTURE 2.900 1.467
=3 NEUTRON CROSS SECTIONS
0 BACKGROUND CROSS SECTIONS ARE GIVEN BELOW 456 KEV FOR MT=1,
, 102. CROSS SECTIONS ABOVE 456 KEV WERE EVALUATED AS FOLLOWS:
MT=1 : TOTAL CROSS SECTION
HIGH RESOLUSION EXPERIMENTAL DATA OF PEREY ET AL./6/ WERE
TRACED UP TO 1.6 MEV, AND THOSE BY STOLER ET AL./7/
BETWEEN 1.6 AND 2.3 MEV. ABOVE 2.3 MEV, CROSS SECTION WAS
CALCULATED WITH OPTICAL MODEL. POTENTIAL PARAMETERS WERE
OBTAINED BY FITTING NAT-NI DATA /8/. THE DATA MEASURED BY
STOLER ET AL./7/ ARE REPRODUCED WELL WITH THIS SET OF OMP.
V =51.33 - 0.331*EN ,WS=8.068 + 0.112*EN ,VS0=7.0 (MEV)
RO=RS0=1.24 JRS=1. O FM
A0=AS0=0.541 AS=0. FM
SURFACE IMAGINARY PART IS IN DERIVATIVE WOODS-SAXON FORM.

MT=2 : ELASTIC SCATTERING
(TOTAL) - (NONELASTIC CROSS SECTIONS).

MT=3 : NONELASTIC CROSS SECTION
SUM OF MT=4,16,22,28,102,103,104,105,106,107,111.

MT=16 E N%
CALCULAT D WITH GNASH/9/.

MT=22,28,104,105,106,107,111: N,N'A),(N,N'P),&N,D),
N,T%,(N,HE—SB,& ,Ag,(N,ZP)

THE CROSS SECTIONS WERE CALCULATED WITH PEGASUS/10/. ~THE

(N,A), (N,NA) AND (N,D) CROSS SECTIONS WERE NORMALIZED TO



THE DATA OF GRIMES ET AL./11/ AND THE EN,T WAS TO THE
DATA OF QAIM AND STOECKLIN/12/ INVERSE CROSS SECTIONS
WERE CALCULATED FROM THE FOLLOWING OMP*S:

PROTON = PEREY/13/
ALPHA = HUIZENGA AND 160/14/
DEUTERON = LOHR AND HAEBERL1/15/
HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/16/
MT=4,52-61,91 : INELASTIC SCATTERING
THE CASTHY 717/ AND GNASH /9/ CALCULATIONS WERE ADOPTED
FOR NEUTRON ENERGIES BELOW AND ABOVE 7 MEV, RESPECTIVELY.
THE CONTRIBUTION FROM THE DIRECT PROCESS WAS INCLUDED FOR
MT=51, 52, 53, 54, 61. FOR THE LEVEL OF MT=61, ONLY THE
DIRECT PROCESS WAS CONSIDERED. THE LEVEL SCHEME USED IS
AS FOLLOWS:
NO ENERGY(MEV) SPIN-PARITY
G.S 0.0 0 +
1. 1.3325 2 +
2. 2.1588 2 +
3. 2.2849 0 +
4. 2.5058 4 +
5. 2.6260 3+
6. 3.1198 4 +
7. 3.1240 2+
8. 3.1861 3+
9. 3.1941 1+
10. 3.2696 2+
11. 4.0397 3 -
CONTINUUM LEVELS ASSUMED ABOVE 3.318 MEV.
MT=102 : CAPTURE
CALCULATED WITH CASTHY BY NORMALIZING TO 8.0 MB ANT 700
KEV /6/. GAMMA-RAY STRENGTH FUNCTION IS 2.925E-5. LEVEL
DENSITY PARAMETERS ARE:
P SPIN-CUTOFF F.
A(L/MEV) T(MEV) ENERGY(MEV)  (MEV**0.5) EX(MEV)
NI-60 .700 1.15 2.47 6.209 8.75
NI-61  8.355 15 1.20 6.540 8.39
MT=103_  : (N,P

MOST OF ATA)WERE TAKEN FROM JENDL-2 WHICH REPRODUCES WELL
THE DATA OF PAULSEN ET AL./18/, AND MODIFIED BELOW 6 MEV
AND AROUND 14.5 MEV BASED ON EXPERIMENTAL DATA AND GNASH
CALCULATION.

MT=251 : MU-B
CALCULATED WITH OPTICAL MODEL.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=2 CALCULATED WITH OPTICAL MODEL.
MT=16,22,28,91: APPROXIMATELY TRANSFORMED FROM THE MF=6 DATA

SDDX OF JENDL FUSION FILE.
MT=51-60 : CALCULATED WITH CASTHY. DIRECT PROCESS
INCLUDED IN MT=51, , 54
MT=61 : C.C. CALCULATION.
=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,91: APPROXIMATELY TRANSFORMED FROM THE MF=6 DATA
(DDX) OF JENDL FUSION FILE.
MF 12 PHOTON MULTIPLICITIES AND TRANSITION PROBABILITY ARRAYS
=16, 28,91,103,107:
MULTIPLICITIES CALCULATED WITH GNASH
MT=102 : MULTIPLICITIES CALCULATED FROM ENERGY BALANCE.
MT=51-61 : TRANSITION PROBABILITY ARRAYS
MF=14 PHOTON ANGULAR DISTRIBUTIONS
MT=16,22,28,51-61,91,102,103,107
ISOTROPIC DISTRIBUTIONS.
MF=15 PHOTON ENERGY DISTRIBUTIONS
MT216,22,28,91,102,103,107:
CALCULATED WITH GNASH. FOR MT=102, SPECTRA_ AT 1.0E-5,
2.53E-2, 1.0E+3 AND 1.0E+4 EV _WERE CALCULATED WITH
CASTHY, TAKING PRIMARY TRANSITIONS.
REFERENCES
1) 11JIMA S. ET AL.: PROC. INT. CONF. NUCLEAR DATA FOR SCIENCE
AND TECHNOL., MITO, 1988, P.627 ( 988).
2) CHIBA S. ET AL.: RI-M 92-027, P.35 (1992)
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MAT number = 2834
28-NI1- 61 NAIG EVAL-MAR87 S.I11JIMA
DIST-SEP89 REV2-SEP93
HISTORY
87-03 EVALUATION WAS PERFORMED FOR JENDL-3. SHORT DESCRIPTION
ON THE EVALUATION IS GIVEN IN REF./1/
87-05 COMPILED BY K.SHIBATA (JAERI
90-10 MF=5: DATA AT THRESHOLD ENERGIES WERE MODIFIED.
93-09 JENDL-3.2.
COMPILED BY T.NAKAGAWA (NDC/JAERI)

*kkkx MODIFIED PARTS FOR JENDL_3-2 kkhkkhkkhkkhkkhhkkhkhkkhkhkkhkhkkihkkhkki*k
4,16-28), (4,91) TAKEN FROM JENDL FUSION FILE

5,16-91 TAKEN FROM JENDL FUSION FILE
EE R R R S R R R R o S R R R R S S R S R S o R R S R o L S R S R S S S
JENDL FUSION FILE /2/ AS OF SEP. 1993)
EVALUATED BY S.CHIBA (NDC/JAERI)
COMPILED BY S.CHIBA
CROSS SECTIONS WERE TAKEN FROM JENDL-3.1. EDX'S OF
MT=16, 22, 28 AND 91 WERE REPLACED BY THOSE CALCULATED
WITH SINCROS-11 CODE SYSTEM/3/ BECAUSE NORMALIZATION
ERRORS WERE FOUND IN THE DATA STORED IN JENDL-3.1. DDX"S
OF CONTINUUM REACTIONS WERE CREATED WITH F15TOB PROGRAM
/2/ WHERE KUMABE"S SYSTEMATICS /4/ WAS USED. THE
PRECOMPOUND/COMPOUND RATIO WAS CALCULATED BY THE
SINCROS-11 CODE SYSTEM.
OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
IN THE SINCROS-11 CALCULATION ARE DESCRIBED IN REF./3/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/5/.

MF=1,MT=451 COMMENTS AND DICTIONARY

MF=2,MT=151 RESOLVED RESONANCE PARAMETERS : 1.0E-5 EV - 57.0KE
PARAMETERS WERE TAKEN FROM JENDL-2 EXCEPT THAT THE NEUTR
WIDTH OF THE 64.07-KEV S-WAVE RESONANCE WAS CHANGED FROM
54_0 EV TO 535 EV /6/.
SCATTERING RADIUS: 6.4 FM

CALCULATED 2200 M/S VALUES AND RESONANCE INTEGRALS (BARN):
200 M/S VALUE RES.

TOTAL .239
ELASTIC 8.731 -
CAPTURE 2.509 2.44
MF=3 NEUTRON CROSS SECTIONS
BACKGROUND CROSS SECTIONS WERE APPLIED TO THE RESONANCE REGION.
CROSS SECTIONS ABOVE 57.0 KEV WERE EVALUATED AS FOLLOWS :
MT=1 TOTAL CROSS SECTION
HIGH-RESOLUTION EXPERIMENTAL DATA/7/ WERE ADOPTED BETWEEN
57 KEV AND 74.6 KEV. ABOVE 74.6 KEV UP TO 20 MEV, THE
OPTICAL-MODEL CALCULATION WAS PERFORMED. POTENTIAL
PARAMETERS WERE OBTAINED BY FITTING NAT-NI DATA/8/:
V =51.33 - 0.331*EN
RO=RS0=1.24 ,RS$=1.40

,WS=8.068 + 0.112*EN ,VS0=7.0 EMEV)

FM
AS0=0. ,AS=0.4 FM%
SURFACE IMAGINARY PART IS IN DERIVATIVE WOODS-SAXON FORM.

MT=2 : ELASTIC SCATTERING
(TOTAL) - (NONELASTIC CROSS SECTIONS).

MT=3 : NONELASTIC CROSS SECTION
SUM OF MT=4,16,22,28,102,103,104,105,106,107,111.

MT=16,22,28,103,104, 105 106 107 111 (N ZNa ,(N,N" A),(N 'PB,
S ﬁ 5 (N E- 3% é A& N,2P)
CALCULATED WITH PE ASU 79/ " INVERSE CROSS ECTIO
WERE CALCULATED FROM THE FOLLOWING OMP
PROTON = PEREY/10/
ALPHA = HUIZENGA AND 1G60/11/
DEUTERON = LOHR AND HAEBERLI1/12/
HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/13/

=4,51-70,91,102 : INELASTIC SCATTERING AND CAPTURE
CALCULATED WITH THE STATISTICAL MODEL CODE CASTHY /14/.
THE LEVEL SCHEME USED/15/ IS AS FOLLOWS:

NO ENERGY(MEV) SPIN-PARITY
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M LEVEL SUMED ABOVE 2.528 MEV. THE GAMMA-RAY
FUNCTIO F 4.65E-4 WAS OBTAINED FROM THE CAPTURE
CTION DATA OF ERNST ET AL./16/ LEVEL DENSITY

RS ARE:
PAIRING SPIN-CUTOFF F.
1/MEV) T(MEV) ENERGY(MEV)  (MEV**0.5) EX(MEV)
NI-61 8.355 1.15 1.20 6.540 8.390
NI-62 8.215 1.13 2.61 6.555 9.280

CONTI
STREN
CROSﬁ

1
2
3
4
5
6
7
8
9
0
1
2.
3.
4.
5
6
7
8
9
0
U
H
E
PARA E

1
1
1
1
1
1
1
17.
18.
1
2
U
T
S
T
(

N
G
E
A

MT=251 : MU-BAR
CALCULATED WITH OPTICAL MODEL.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
M CALCULATED WITH OPTICAL MODE
MT—16,22,28,91 APPROXIMATELY TRANSFORMED FROM THE MF=6 DATA
DDXE OF JENDL FUSION FILE.
MT=51-70 0 DEGREE SYMMETRIC IN THE CENTER-OF-MASS
SYSTEM, CALCULATED WITH CASTHY.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,91: APPROXéMAEEhY TRANSFORMED FROM THE MF=6 DATA

(DDX) DL FUSION FILE.
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2) CHIBA S. ET AL.: JAERI-M 92-027, P.35 (1992)

3) YAMAMURO N.: JAERI-M 90-006 (1990).

4) KUMABE 1. ET AL.: NUCL. SCI. ENG., 104, 280 (1990).

5) ENSDF: EVALUATED NUCLEAR STRUCTURE DATA FILE, BNL/NNDL.

6) MOXON M.C.: KFK-2046, P.156 (1975%.
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umber = 2837

I- 62 NAIG EVAL-MAR87 S.I11JIMA

oy DIST-SEP89 REV2-SEP93
EVALUATION WAS PERFORMED FOR JENDL-3. SHORT DESCRIPTION
ON THE EVALUATION IS GIVEN IN REF./1/
COMPILED BY K.SHIBATA (JAERI
MEES: gA;A AT THRESHOLD ENERGIES WERE MODIFIED.
COMPILED BY T.NAKAGAWA (NDC/JAERI)

*kkkx MODIFIED PARTS FOR JENDL_3-2 kkhkkhkkkhkkhkkhhkkhkhkkhkhkkhkhkkihkkikki*k
4,16-28), (4,91) TAKEN FROM JENDL FUSION FILE

5,16-91 TAKEN FROM JENDL FUSION FILE
EE R R R S R R R R o S R R R R S S R S R S o R R S R o L S R S R S S S
JENDL FUSION FILE /2/ AS OF SEP. 1993)
EVALUATED BY S.CHIBA (NDC/JAERI)
COMPILED BY S.CHIBA
CROSS SECTIONS WERE TAKEN FROM JENDL-3.1. EDX'S OF
MT=16, 22, 28 AND 91 WERE REPLACED BY THOSE CALCULATED
WITH SINCROS-11 CODE SYSTEM/3/ BECAUSE NORMALIZATION
ERRORS WERE FOUND IN THE DATA STORED IN JENDL-3.1. DDX"S
OF CONTINUUM REACTIONS WERE CREATED WITH F15TOB PROGRAM
/2/ IN WHICH KUMABE®S SYSTEMATICS /4/ WAS USED. THE
PRECOMPOUND/COMPOUND RATIO WAS CALCULATED BY THE SINCROS-
Il CODE SYSTEM.
OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
IN THE SINCROS-il CALCULATION ARE DESCRIBED IN REF./3/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/5/.

MF=1,MT=451 COMMENTS AND DICTIONARY
MF=2,MT=151 RESOLVED RESONANCE PARAMETERS : 1.0E-5 EV - 557 KEV

PARAMETERS WERE TAKEN FROM JENDL-2.
SCATTERING RADIUS: 6.2 FM

CALCULATED 2200 M/S VALUES AND RESONANCE INTEGRALS (BARN):
2200 M/S VALUE RES.

TOTAL 23.704
ELASTIC 9.505 -
CAPTURE 14.199 6.91
NEUTRON CROSS SECTIONS
KGROUND CROSS SECTIONS WERE APPLIED TO THE RESONANCE REGION.
SS SECTIONS ABOVE 557 KEV WERE EVALUATED AS FOLLOWS :
MT=1 : TOTAL CROSS SECTION
EXPERIMENTAL DATA OF FARRELL ET AL./6/ WERE ADOPTED
BETWEEN 557 KEV _AND 670 KEV. ABOVE 670 KEV UP TO 20 v,
THE OPTICAL-MODEL CALCULATION WAS PERFORMED. POTENTI
PARAMETERS OBTAINED BY FITTING NAT-NI DATA/7/:
V =51.33 - 0.331*EN ,WS= )

AO=A30-0.541 AS
SURFACE IMAGINARY PART 1S

MT=2 : ELASTIC SCATTERING
(TOTAL) - (NONELASTIC CROSS SECTION).

MT=3 : NONELASTIC CROSS SECTION
SUM OF MT=4,16,22,28,102,103,104,105,106,107,111.

MT 16 22,28, 103 104,105, 106 111 (N,2N),(N,N"A),(N,N"P),
6 E a, N,HE- 5N 2Pa
CA COLATED WiT EGASUS/8 VERSE CROSS SECTIONS WERE
CALCULATED FROM THE FOLLOWING OMP"S:
PROTON PEREY/9/

ME
AL
.068 + 0.112*EN ,VS0=7.0 (MEV
40 FM
FM
ORM.

N DERIVATIVE WOODS-SAXON

ALPHA = HUIZENGA AND 1G60/10/

DEUTERON = LOHR AND HAEBERLI1/11/

HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/12/

MT=4,51-71,91,102 : INELASTIC SCATTERING AND CAPTURE

CALCULATED WITH THE STATISTICAL-MODEL CODE CASTHY/13/ BY
CONSIDERING THE SUM OF OTHER THRESHOLD REACTIONS AS
COMPETING PROCESSES. THE LEVEL SCHEME/14/ USED IS GIVEN
AS FOLLOWS:

NO ENERGY(MEV) SPIN-PARITY
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T number = 2843
8-NI- 64 NAIG EVAL-MAR87 S.I11JIMA
DIST-SEP89 REV2-SEP93
STORY
-03 EVALUATION WAS PERFORMED FOR JENDL-3. SHORT DESCRIPTION
ON THE EVALUATION IS GIVEN IN REF./1/
-05 COMPILED BY K.SHIBATA (JAERI).
-09 JENDL-3.2.

COMPILED BY T.NAKAGAWA (NDC/JAERI)
*kk*k*x MODIFIED PARTS FOR JENDL 3 2 ORI R o o ok ok e S Sk SRR SR kA

3, 106% (3 111) DELETED.
4,16-28 (4 91) TAKEN FROM JENDL FUSION FILE
5.16-91 TAKEN FROM JENDL FUSION FILE
EE R R R S R R R o S R R R R R R S R S S S o R R S R o S R S R S S S
JENDL FUSION FILE /2/ AS OF SEP. 1993)
EVALUATED BY S.CHIBA (NDC/JAERI)
COMPILED BY S.CHIBA
CROSS SECTIONS WERE TAKEN FROM JENDL-3.1. EDX'S OF
MT=16, 22, 28 AND 91 WERE REPLACED BY THOSE CALCULATED
WITH SINCROS-11 CODE SYSTEM/3/ BECAUSE NORMALIZATION
ERRORS WERE FOUND IN THE DATA STORED IN JENDL-3.1. DDX"S
OF CONTINUUM REACTIONS WERE CREATED WITH F15TOB PROGRAM
/2/ IN WHICH KUMABE®S SYSTEMATICS /4/ WAS USED. THE
PRECOMPOUND/COMPOUND RATIO WAS CALCULATED BY THE SINCROS-
Il CODE SYSTEM.
OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
IN THE SINCROS-il CALCULATION ARE DESCRIBED IN REF./3/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/5/.

MF=1,MT=451 COMMENTS AND DICTIONARY
MF=2,MT=151 RESOLVED RESONANCE PARAMETERS : 1.0E-5 EV - 553 KEV

PARAMETERS WERE TAKEN FROM JENDL-2.
SCATTERING RADIUS: 6.4 FM

CALCULATED 2200 M/S VALUES AND RESONANCE INTEGRALS (BARN):
2200 M/S VALUE RES.

TOTAL 1.515

0.035 -

1.480 0.820

(@]
>
o
—
[
O Q==
v Mmoo

S SECTIONS
ROSS SECTIONS WERE APPLIED TO RESONANCE REGION.
NS ABOVE 553 KEV WERE EVALUATED AS FOLLOWS :

TAL CROSS SECTION

ENTAL DATA OF FARRELL ET AL./6/ WERE ADOPTED
553 KEV _AND 698 KEV. ABQVE 698 KEV UP TO 20
CAL-MODEL CALCULATION WAS PERFORMED. POTENTI
S WERE OBTAINED BY FITTING NAT-NI DATA /7/

MEV,
c AL
33 - 0.331*EN ,WS=8.068 + 0.112*EN ,VS0=7 ggﬁ
= EM
I OR

v)
1.24 RS=1.40
0.541 AS=0. é

MAGINARY PART 1S IN DERIVATIVE WOODS-SAXON

MT=2 : ELASTIC SCATTERING
(TOTAL) - (NONELASTIC CROSS SECTION).

MT=3 : NONELASTIC CROSS SECTION
SUM OF MT=4,16,17,22,28,102,103,104,105,107.

MT=16,17,22,28,103,104,105: ;N 2N) ﬁN L3N), (N,N"A), (N,N"P),

CALCULATED WITH PEGASUS/8 NSERS éROSg SECTIONS
WERE CéLC¥LATED FROM THE FOLLOWING OMP*"S:

ROTON = PEREY/9/

ALPHA = HUIZENGA AND 1G60/10/

DEUTERON = LOHR AND HAEBERLI1/11/

HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/12/

MT=4,51-70,91,102 : INELASTIC SCATTERING AND CAPTURE
CALCULATED WITH THE STATISTICAL MODEL CODE CASTHY/13/.
THE LEVEL SCHEME/14/ USED IS GIVEN AS FOLLOWS:
NO ENERGY(MEV) SPIN-PARITY
G.S 0.0 0 +
1. 1.3459 2 +
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MAT number = 2900

29-CU- 0 NAIG,MAPI EVAL-MAR87 N.YAMAMURO,T.KAWAKITA
DIST-SEP89 REV2-SEP93

HISTORY

87-03 EVALUATION WAS PERFORMED FOR JENDL-3.

87-05 COMPILED BY K.SHIBATA (JAERI).

93-09 JENDL-3.2.
3,1),53, ), (3, g MODIFIED BY NAKAGAWA&JAERI)
13,102, (13 4% él 1023 MODIFIED BY S.IGARASI(NEDAC)

COMPILED BY T.NAKAGAWA C/JAERI)

*k Kk kK MODIF ED PARTS FOR JENDL 3 2 AhkAXAkAhAhAkddhdhhkdkhkkhdhx*i
2,151) UPPER BOUNDARY ENERGY CHANGED TO 50 KEV
3,1%,(3,2) 50 KEV - 200 KEV
3.1 2g 50 KEV - 20 MEV
4.16-32),(4,91) TAKEN FROM JENDL FUSION FILE
5.16-91 TAKEN FROM JENDL FUSION FILE
12,102),(13,4),(15,102)

KA A A A A AR A AR AR A AR AR A AR A A A IR A A A AR AR A AKX AR A AKX A A A AR A XAk dhddhx*

JENDL FUSION FILE /1/ (AS OF SEP. 1993&
EVALUATED BY B.YU(CIAE) AND S.CHIBA (NDC/JAERI)
COMPILED BY B.YU
CROSS SECTIONS WERE TAKEN FROM JENDL-3.1. SDDX s)
OF MT=16, 22, 28, 32 AND 91 WERE CREATED WiTH F1eT
PROGRAM /1/. " MODIFIED KUMABE'S SYSTEMATICS /1/ WAS
USED. THE PRECOMPOUND/COMPOUND RATIO WAS CALCULATED BY
THE SINCROS-11 CODE SYSTEM/2/.
OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
IN THE SINCROS-i1 CALCULATION ARE _DESCRIBED IN REF./2/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/3/.
= GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY
MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS FOR MLBW FORMU

CONSTRUCTED FROM PARANETERS FOR EACH 190TOPE. WHIGH WERE

MAINLY TAKEN FROM THE WORK OF MUGHABGHAB ET AL. /4/
RESONANCE REGION : 1.0E-5 EV TO 50 KEV.

UPPER BOUNDARY OF THE RESONANCE REGION WAS CHANGED FROM
153 KEV OF JENDL-3.1 TO 50 KEV BECAUSE SERIOUS LEVEL
MISSING WAS FOUND ABOVE 50 KEV.

SCATTERING RADIUS: 6.70 FM FOR CU-63 AND CU-65
CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS
2200-M/S RES. INTEG.

ELASTIC 7.868 B .
CAPTURE 3.785 B 4.153 B
TOTAL 11.653 B -

= NEUTRON CROSS SECTIONS
CONSTRUCTED FROM ISOTOPE DATA.

MT=1 TOTAL

BELOW 50 KEV : NO BACKGROUND CROSS SECTIONS ARE GIVEN.
50 TO 200 KEV : BASED ON THE MEASURED DATA OF GARG ET
AL./5/ BELOW 100 KEV AND OF WHALEN ET
AL./6/ BETWEEN 100 AND 200 KEV. THE
DATA WERE SMOOTHED WITH 5% RESOLUTION.
0.200 TO 3 MEV: BASED ON THE EXPERIMENTAL DATA OF

NATURAL ELEMENT /7,8/
3 TO 20 MEV : 9SIICAL MODEL CALCULATION USING CASTHY
THE OPTICAL POTENTIAL PARAMETERS USED ARE AS FOLLOWS /10/ (IN
THE UNITS OF MEV AND FM):
V =51.725 - 0.447*E RO = 1 221 A0 = 0.683
WS = 8.44 + 0.055*E RS = 1.223 AS = 0.507
VS0= 8.0 RSO= 1.221 ASO = 0.683

MT=2 ELASTIC SCATTERING
(TOTAL) - (REACTION CROSS SECTION)

MT=4,51-87,91 INELASTIC SCATTERING

STATISTICAL MODEL CALCULATIONS WERE MADE WITH CASTHY/9/
BELOW 3 MEV BY TAKING ACCOUNT OF COMPETING PROCESSES,
AND WITH GNASH/11/ ABOVE 3 MEV INCLUDING PREEQUILIBRIUM



EFFCETS. THE DIRECT PROCESS COMPONENTS WERE CONSIDERED
FOR 10 DISCRETE LEVELS.

CU-63 CU-65
NO. ENERGY(MEV% NO. ENERGY (MEV)
6.S. 0.0 /2 - 6.S. 0.0 3/2 -
i 0.6697 /2 - 1. 0.7706 1/2 -
2. 0.9621 5/2 - 2. 1.1160 5/2 -
3. 1.3270 7/2 - 3. 1.4820 7/2 -
4. 1.4120 5/2 - 4. 1.6230 5/2 -
5. 1.5470 3/2 - 5. 1.7250 3/2 -
6. 1.8610 7/2 - 6. 2.0940 7/2 -
7. 2.0110 3/2 - 7. 2.1070 5/2 -
8. 2.0620 1/2 - 8. 2.2130 172 -
9. 2.0810 5/2 - 9. 2.2780 7/2 -
10. 2.0930 772 - 10. 2.3290 3/2 -
11. 2.2080 9/2 - 11. 2.4070 9/2 -
12. 2.3370 5/2 - 12. 2.5260 9/2 +
13. 2.4050 7/2 - 13. 2.5330 5/2 -
14. 2.4970 3/2 - 14. 2.5340 7/2 +
15. 2.5050 9/2 + 15. 2.5930 172 -
16. 2.5120 1/2 - 16. 2.6440 9/2 -
17. 2.5360 5/2 - 17. 2.6500 5/2 -
18. 2.6550 5/2 -
19. 2.6690 5/2 -
20. 2.7530 9/2 +
LEVELS ABOVE 2.54 MEV AND 2.80 MEV WERE _ASSUMED TO BE
GVERLAPPING FOR CULG AND GO 65, RESPECTIVELY.
MT=16,22,28,32,103,104 (N,2N),(N,N"A),(N,N"P),(N,N"D),(N,P)
(N.D) 'CROSS SECTIONS
CALCULATED WITH GNASH/11/. OPTICAL POTENTIAL PARAMETERS
FOR PROTON, ALPHA-PARTICLE AND DEUTERON WERE AS FOLLOWS
/12,13,14/
PROTON
V = 59.11 - 0.55*E RO = 1.25 A0 = 0.65
Ws = 10.4 RS = 1.25 AS = 0.47
VS0= 7.5 RSO= 1.25 ASO= 0.47
ALPHA-PARTICLE
Vo= 164.7 RO = 1.442 A0 = 0.52
W o= 22.4 RV = 1.442 AV = 0.52
RC = 1.30
DEUTERON
= 106.69 RO = 1.05 A0 = 0.86
Ws = 13085 RS = 1.43 AS = 0.704
VS0= 7.0 RSO= 0.75 ASO= 0.5
RC = 1.3
MT=107 (N,A) CROSS SECTION
CALCULATED CROSS SECTIONS OF CU-63 WERE NORMALIZED TO THE
EXPERIMENTAL DATA /15/ AT 10 MEV. ABOVE 12 MEV, THE
EXCITATION FUNCTION FOLLOWS THE DATA OF PAULSEN/16/. FOR
CU-65, THE GNASH CALCULATION WAS EMPLOYED.
MT=102 RADIATIVE CAPTURE CROSS SECTION
THE CU-63 (N,GAMMAE ROSS SECTION WAS ADOPTED FROM JENDL
ACTIVATION FiLE CALCULATED WITH SINCROS-11/17/. THE
CROSS SECTION OF CU-65 WAS BASED ON CASTHY CALCULATION
AND EXPERIMENTAL DATA/18,19,20/. THE CAPTURE CROSS
SECTION FOR NATURAL CU WAS CONSTRUCTED FROI THE 1SO0TOPE
Q-VALUE OF 7.7661 MEV WAS GIVEN BY AVERAGING ISOTOPE Q-
VALUES.

MT=251 MU-BAR
CALCULATED WITH OPTICAL MODEL.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2,51-87

CALCULATED WITH CASTHY FOR EQUILIBRIUM PROCESS. THE
COMPONENTS OF THE DIRECT PROCESS WERE ADDED TO 10 LEVELS
BY USING THE DWUCK CODE /21/.

MT=16, 22, 28, 32, 91
TAKEN FROM JENDL FUSION FILE.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16, 22, 28, 32, 91
TAKEN FROM JENDL FUSION FILE.



MF=12 PHOTON PRODUCTION MULTIPLICITIES
DETERMINED FROM ENERGY BALANCE.

MF=13 PHOTON PRODUCTION CROSS SECTIONS

NT=3 (ABOVE 2.5 IiEV)
CALCULATED WITH GNASH.

MT=4 (BELOW 2.5 MEV)
COPOSITE DATA FROW LEVEL EXCITATION CROSS SECTIONS AND
BRANCHING RATIOS OF 2 1SOTOPES BELOW 2.5

MT=103, 107 EBELOW 2.5
EOMPOSED FROM 2 1S6TOPE DATA CALCULATED WITH GNASH.

MF=14 PHOTON ANGULAR DISTRIBUTIONS
MT=3,4,102,103,107
ASSUMED TO BE ISOTROPIC.

MF=15 PHOTON ENERGY DISTRIBUTIONS
MT=3 (ABOVE 2.5 MEV%
CALCULATED WITH GNASH.
MT=102 (BELOE 2.5 KEV
SPECTRA CALCULATED WITH CASTHY FOR 2 ISOTOPES, TAKING
PRIMARY TRANSITIONS AT 1.0E-5, 2.53E-2, 1.0E+2, 1.0E+4,
1.0E+5, 2.0E+5, 5.0E+5, 1.0E+6, 2.0E+6 AND 2.5E+6 EV.
MT=103, 107 EBELOW 2.5 MEV%
D FROM 2 ISOTOPE DATA CALCULATED WITH GNASH.

CoMPOS
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MAT number = 2925
29-CU- 63 NAIG,MAPI EVAL-MAR87 N.YAMAMURO,T.KAWAKITA

DIST-SEP89 REV2-SEP93

S PERFORMED FOR JENDL-3.
-SHIBATA.

D BY NAKAGAWA&JAERI)
E ?; IGARAS I (NEDAC)

R
3 2 kkhkkhkkkhkkhkkhhkkhkhkkhkhkkhkhkkihkkikki*k
A

) RY ENERGY CHANGED TO 50 KEV
.2 50 KEV 3 KEV
% 50 KEV - 20 MEV
) TAKEN FROM JENDL FUSION FILE
: TAKEN FROM JENDL FUSION FILE
*

B R o S o S R R R S R S R S S S R R S R S o S S S S

JENDL FUSION FILE /1/ AS OF SE
EVALUATED BY B.YU(CIAE) AND S
COMPILED BY B.YU

CROSS SECTIONS WERE TAKEN FROM JENDL-3.1 SDDX S)

OF MT=16, 22, 28, 32 AND 91 WERE CREATED WITH F15T
PROGRAM 71/. " MODIFIED KUMABE®S SYSTEMATICS /1/ WAS USED.
THE PRECOMPOUND/COMPOUND RATIO WAS CALCULATED BY THE
SINCROS-11 CODE SYSTEM/2/.
OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
IN THE SINCROS-11 CALCULATION ARE DESCRIBED IN REF./2/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/3/.
MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY
MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS FOR MLBW FORMULA
E?RﬁﬁE}E?S WERE MAINLY TAKEN FROM THE WORK OF MUGHABGHAB
RESONANCE REGION : 1.0E-5 EV TO 50 KEV.
UPPER BOUNDARY OF THE RESONANCE REGION WAS CHANGED FROM
153 KEV OF JENDL-3.1 TO 50 KEV BECAUSE SERIOUS LEVE
MISSING WAS FOUND ABOVE 50 KEV.
SCATTERING RADIUS: 6.70
CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS
2200-M/S RES. INTEG.
ELASTIC 5.102 B -
CAPTURE 4.506 B 5.01 8B
TOTAL 9.608 B -
MF=3 NEUTRON CROSS SECTIONS
MT=1 TOTAL
50 TO 153 KEV : BASED ON _THE MEASURED DATA OF ROHR ET
AL./5/ THE DATA WERE SMOOTHED WITH 5%
RESOLUTION.
0.153 TO 3 MEV: BASED ON THE EXPERIMENTAL DATA OF NATURAL
ELEMENT /6,7/
3 TO 20 MEV OPTICAL-MODEL CALCULATION WITH CASTHY/8/
THE OPTICAL POTENTIAL PARAMETERS USED ARE AS
FOLLOWS /9/ (IN THE UNITS OF MEV AND FM)
V = 51.725 - 0.447*E RO = 1.221 A0 0.683
WS = 8.44 + 0.055*E RS = 1.223 AS = 0.507
(DERIVATIVE WOODS-SAXON FORM)
VS0= 8.0 RSO= 1.221 ASO = 0.683
T=2 ELASTIC SCATTERING

MT=4,51-67,91

(TOTAL) - (REACTION CROSS SECTIONS)

INELASTIC SCATTERING

STATISTICAL MODEL CALCULATIONS WERE MADE W
BELOW 3 MEV BY TAKING ACCOUNT OF COMPETING
WITH GNASH/10/ ABOVE 3 MEV INCLUDING PREEE
EFFECTS. THE DIRECT-PROCESS COMPONENTS W
FOR THE LEVELS OF MT=51-54,65,91 BY THE DW
WITH DWUCK/11/. THE LEVEL SCHEME WAS TAKE
20 ENESG (MEV) SP%?ZPARITY

S.
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LEVELS ABOVE 2.54 MEV WERE ASSUMED TO BE OVERLAPPING.

MT=16,22,28,32,103,104 (N,2N),(N,N"A),(N,N"P),(N,N"D),(N,P)
(N.D) CROSS SECTIONS
CALCULATED WITH GNASH/10/.
OPTICAL POTENTIAL PARAMETERS FOR PROTON, ALPHA-PARTICLE
AND DEUTERON WERE AS FOLLOWS /13,14,15/.

PROTON
V =59.11 - 0.55*E RO = 1.25 A0 = 0.65
WS = 10.4 RS = 1.25 AS = 0.47
VS0= 7.5 RSO= 1.25 ASO= 0.47
ALPHA-PARTICLE
V = 164.7 RO = 1.442 A0 = 0.52
Wv = 22.4 RV = 1.442 AV = 0.52
RC = 1.30
DEUTERON
V = 106.69 RO = 1.05 A0 = 0.86
WS = 13.92 RS = 1.43 AS = 0.704
VS0= 7.0 RSO= 0.75 ASO= 0.5
RC = 1.3
MT=102 RADIATIVE CAPTURE CROSS SECTION
TAKEN FROM JENDL ACTIVATION CROSS SECTION FILE. THE CROSS
SECTION WAS CALCULATED BY N.YAMAMURO/16/ WITH SINCROS-11.

MT=107 6 CROSS SECTION
CALCULATED CROSS SECTIONS WERE NORMALIZED TO THE
EXPERIMENTAL DATA/17/ AT 10 MEV. ABOVE 12 MEV, THE

EXCITATION FUNCTION FOLLOWS THE DATA OF PAULSEN/18/.

MT=251 MU-BAR
CALCULATED WITH CASTHY

MFM# 2.51-67 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
CALCULATED WITH CASTHY FOR EQUILIBRIUM PROCESS. THE
COMPONENTS OF THE DIRECT PROCESS WERE ADDED TO THE LEVELS
OF MT=51-54,65 BY USING THE DWUCK CODE /13/.

MT=16, 22, 28, 32, 91
TAKEN FROM JENDL FUSION FILE.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16, 22, 28, 32, 91
TAKEN FROM JENDL FUSION FILE.

MF=12 PHOTON PRODUCTION MULTIPLICITIES
MT=16,22,28,32,91,103,104,107
CALCULATED WITH GNASH.
MT=51-67
" 102TRANSITION PROBABILITIES ARE GIVEN.
OBTAINED FROM ENERGY BALANCE.

MF=14 PHOTON ANGULAR DISTRIBUTIONS
MT=16,22,28,32,51-67,91,102,103,104,107
ASSUMED TO BE ISOTROPIC.

MF=15 PHOTON ENERGY DISTRIBUTIONS
MT=16,22,28,32,91,103,104,107
CALCULATED WITH GNASH.
MT=102
CALCULATED WITH CASTHY.

REFERENCES
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MAT number =

2931
29-CU- 65 NAIG MAPI EVAL-MARS8

7 N.YAMAMURO, T.KAWAKITA
DIST-SEP89 REV2-SEP93
HISTORY
87-03 EVALUATION WAS PERFORMED FOR JENDL-3
87-05 COMPILED BY K.SHIBATA (JAERI).
93-09 JENDL-3.2.
3,1),53,2),(3,102) MODIFIED BY NAKAGAWA&JAERI)
12,102), (15,102 MODIFIED BY S.IGARASI(NEDAC)
COMPILED BY T.NAKAGAWA (NDC/JAERI)

*k Kk kK MODIF ED PARTS FOR JENDL_3-2 AhRAXAAAkA*AAhdhhkdkhkkhdhx*i
2,151) R BOUNDARY ENERGY CHANGED TO 50 KEV
3,1%,(3,2) 50 KEV - 153 KEV
3.1 2g 50 KEV - 20 MEV
4.16-32),(4,91) TAKEN FROM JENDL FUSION FILE
5.16-91 TAKEN FROM JENDL FUSION FILE
12,102),(15,102)

KA A A A A AR A AR AR A A A AR A AR AR A AR AR A AR AR A AR AKX A AR A AR AR A A d Ak dhkdhhd*

JENDL FUSION FILE /1/ AS OF SE
EVALUATED BY B.YU(CIAE) AND S
COMPILED BY B.YU

CROSS SECTIONS WERE TAKEN FROM JENDL-3.1 SDDX S)

OF MT=16, 22, 28, 32 AND 91 WERE CREATED WITH F15T
PROGRAM /1/.  MODIFIED KUMABE®S SYSTEMATICS /1/ WAS USED.
THE PRECOMPOUND/COMPOUND RATIO WAS CALCULATED BY THE
SINCROS-11 CODE SYSTEM/2/.
OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED
IN THE SINCROS-11 CALCULATION ARE DESCRIBED IN REF./2/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/3/.
MF=1 GENERAL INFORMATION
MT=451 DESCRIPTIVE DATA AND DICTIONARY
MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS FOR MLBW FORMULA
E?Rﬁ%E}E?S WERE MAINLY TAKEN FROM THE WORK OF MUGHABGHAB
RESONANCE REGION : 1.0E-5 EV TO 50 KEV.
UPPER BOUNDARY OF THE RESONANCE REGION WAS CHANGED FROM
153 KEV OF JENDL-3.1 TO 50 KEV BECAUSE SERIOUS LEVE
MISSING WAS FOUND ABOVE 50 KEV.
SCATTERING RADIUS: 6.70
CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS
2200-M/S RES. INTEG.
ELASTIC 14.073 B -
CAPTURE 2.168 B 2.22 B
TOTAL 16.242 B -
MF=3 NEUTRON CROSS SECTIONS
MT=1 TOTAL
50 TO 250 KEV : BASED ON_THE MEASURED DATA OF ROHR ET
AL./5/ THE DATA WERE SMOOTHED WITH 5%
RESOLUTION.
0.3 TO 3 MEV : BASED ON THE EXPERIMENTAL DATA OF NATURAL
ELEMENT/6,7/.
3 TO 20 MEV OPTICAL-MODEL CALCULATION WITH CASTHY/8/.
THE OPTICAL POTENTIAL PARAMETERS USED ARE AS
FOLLOWS/9/ (IN_THE UNITS OF MEV AND FM):
vV = .725 - 0.447*E RO = 1.221 A0 = 0.683
WS = 8 44 + 0.055*E RS = 1.223 AS 0.507
(DERIVATIVE WOODS- SAXON FORM)
VSO0= 8.0 RSO= 1.221 ASO 0.683
MT=2 ELASTIC SCATTERING

(TOTAL) - (REACTION CROSS SECTION)

MT=4,51-70,91 INELASTIC SCATTERING

STATISTICAL MODEL CALCULATIONS WERE MADE WITH CASTHY/8/
BELOW 3 MEV BY TAKING ACCOUNT OF COMPETING PROCESSES, AND
WITH GNASH/10/ ABOVE 3 MEV INCLUDING PREEgUILIBRIUM
EFFECTS. THE DIRECT-PROCESS COMPONENT WAS CONSIDERED FOR
THE LEVELS OF MT=51-54,64,91 BY THE DWBA CALCULATIONS WITH
DWUCK/11/. THE LEVEL SCHEME WAS TAKEN FROM REF./12/.

goé ENERGY(MEV) ;PIN PARITY

1.7 0.7706 1/2 -



2. 1.1160 5/2 -
3. 1.4820 7/2 -
4. 1.6230 5/2 -
5. 1.7250 3/2 -
6. 2.0940 7/2 -
7. 2.1070 5/2 -
8. 2.2130 1/2 -
9. 2.2780 7/2 -
10. 2.3290 3/2 -
11. 2.4070 9/2 -
12. 2.5260 9/2 +
13. 2.5330 5/2 -
14. 2.5340 7/2 +
15. 2.5930 1/2 -
16. 2.6440 9/2 -
17. 2.6500 5/2 -
18. 2.6550 5/2 -
19. 2.6690 5/2 -
20. 2.7530 9/2 +

LEVELS ABOVE 2.80 MEV WERE ASSUMED TO BE OVERLAPPING.

MT= 16 22 28,32,103,104, 107 N,2N%,(N,N'A),(N,N'P),(N,N'D),(N,P)
AND (RA) CROSS SECTION
CALCULA ITH GNASH/10/.
GPTICAL POTENTIAL PARMIETERS FOR PROTON, ALPHA-PARTICLES
AND DEUTERON WERE AS FOLLOWS/13,14,15/.

PROTON
V =59.11 - 0.55*E RO = 1.25 A0 = 0.65
WS = 10.4 RS = 1.25 AS = 0.47
VS0= 7.5 RSO= 1.25 ASO= 0.47
ALPHA-PARTICLE
V = 164.7 RO = 1.442 A0 = 0.52
Wv = 22.4 RV = 1.442 AV = 0.52
RC = 1.30
DEUTERON
V = 106.69 RO = 1.05 A0 = 0.86
WS = 13.92 RS = 1.43 AS = 0.704
VS0= 7.0 RSO= 0.75 ASO= 0.5
RC = 1.3
MT=102 RADIATIVE CAPTURE CROSS SECTION
BELOW 1.505 MEV, CALCULATION WITH CASTHY WAS ADOPTED. A
VALUE OF 0.001 WAS EMPLOYED FOR THE GAMMA-RAY STRENGTH
FUNCTION FOR S-WAVE NEUTRONS. ABOVE THIS ENERGY, CROSS
SECTION CURVE WAS BASED ON THE EXPERIMENTAL DATA/16, 17,
18/. 0.5MB WAS ASSUMED AT 14 MEV.

MT=251 MU-BAR
CALCULATED WITH CASTHY.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=2,51-70
CALCULATED WITH CASTHY FOR EQUILIBRIUM PROCESS. THE
COMPONENTS OF THE DIRECT PROCESS WERE ADDED TO THE LEVELS
OF MT=51-54,64 BY USING THE DWUCK CODE /11/.
MT=16, 22, 28, 32, 91
TAKEN FROM JENDL FUSION FILE.
MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=16, 22, 28, 32, 91
TAKEN FROM JENDL FUSION FILE.

MF=12 PHOTON PRODUCTION MULTIPLICITIES
MT=16,22,28,32,91,103,104,107
CALCULATED WITH GNASH.
MT=51-70
" 102TRANSITION PROBABILITIES ARE GIVEN.
OBTAINED FROM ENERGY BALANCE.

MF=14 PHOTON_ANGULAR DISTRIBUTIONS
MT=16,22,28,32,51-70,91,102,103,104,107
ASSUMED TO BE ISOTROPIC.

MF=15 PHOTON ENERGY DISTRIBUTIONS
MT=16,22,28,32,91,103,104,107
CALCULATED WITH GNASH.
MT=102
CALCULATED WITH CASTHY.

REFERENCES
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MAT number = 3100

31-GA- KHI EVAL-MAR94 T.WATANABE
DIST-APR94

HISTORY

94-3 NEW EVALUATION WAS CONSTRUCTED FROM ISOTOPES DATA

MF=1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS

RESOLVED RESONANCE PARAMETERS FOR_MLBW FORMULA (BELOW 5.9KEV.)
THE DATA WERE CONSTRUCTED FROM THE EVALUATED RESONANCE
PARAMETERS FOR GA-69 AND GA-71, CONSIDERING THEIR
ABUNDANCES/1/.

CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)

2200 M/S RES. INTEG.
TOTAL 9.
ELASTIC 7.0 -
CAPTURE 2.8 23.8

MF=3 NEUTRON CROSS SECTIONS
BELOW 5.9 KEV, RESONANCE PARAMETERS WERE GIVEN
ABOVE 5.6 KEV., THE TOTAL, ELASTIC AND INELASTIC SCATTERING, AND
CAPTURE PARTIAL CROSS SECTION WERE GIVEN USING EACH ISOTOPES
DATA CALCULATED WITH CASTHY PROGRAM/2/.

MT=16,22,28,32,102,103,104,105,106,107,111,
§N2NA) SN NP) (N.ND).(N,P), (N,D). (N T) (N,HE-3),

N, 2N
WERE S$RUCT ) FROM EACH GA ISOTOPE DATA CONSIDERING
ABUNDANCES
CROSS SECTIONS FOR EACH ISOTOPE WERE EVALUATED USING CASTHY
AND MADIFIED EGNASH-2/3/ PROGRAMM.

NEUTRON OPTICAL POTENTIAL PARAMETERS USED WERE AS FOLLOWS.
DEPTH (MEV) R*A**(1/3) DIFFUSENESS (FM)

V = 49.42-0.5867E , RO = 1.293  , A0 = 0.41
WS = 5.381+0.4117E I RS =
WS0= 81552 . RSO=

THE LEVEL SCHEME WAS ADOPTED FROM ENS
g ENE 8MEV) Sg

I o

ILE.
ARITY ISOTOPE
GA-69,-71

N
POOENDUIRWNRITO

N
(&1
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28 2.0238 5/2 - GA-69
29 2.0452 5/2 - GA-69
30 2.0640 1/2 - GA-71
31 2.1342 5/2 - GA-T71
32 2.1980 1372 - GA-69
2.1913 5/2 - GA-71
2.2060 5/2 - GA-T71
33 2.2193 1/2 + GA-69
34 2.2510 1/2 - GA-69
2.2472 7/2 + GA-T71
35 2.2944 1/2 - GA-T71
36 2.3195 7/2 + GA-69
2.3273 1/2 - GA-T71
37 2.3533 5/2 - GA-69
38 2.4233 1372 - GA-69
2.4288 /2 - -69

5 GA
LEVELS ABOVE 2.33 MEV WERE ASSUMED TO BE OVERLAPPING.
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GIRBERT-

CAMERON WERE EVALUATED
SPIN CUT-OFF PARAMETER C1 WAS TAKEN AS 0.146.

A fMEV& 11.340 11.590 13.000 12.900
SPIN CUT-OFF PARAM 8.271 8.442 9.026 9.075
PAIRING ENERG XMEV% 1.500 0.0 1.430 0.0
NORMALIZATION FACTO 1481.60 1536.20 1747.70 1758.60
E-JOINT (MEV) 6.924 4.221 6.326 4.961
MF=4 MT=2,16,22,28,32,51-88,91
(N,ZN),(N,NA%,&N,NP&,(N,NDE AND ELASTIC AND INELASTIC SCATTERING
ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
WERE CONSTRUCTED FROM EACH GA ISOTOPE DATA CONSIDERING
ABUNDANCES.
MF=5 MT=16,22,28,32,91
N,ZNQ,(N,NA%,SN,NP% SN ND% AND CONTINUM INELASTIC SCATTERING
NERGY DISTRIBUTION F SECONDARY NEUTRONS
WERE CONSTRUCTED FROM EACH GA ISOTOPE DATA CONSIDERING
ABUNDANCES.
REFERENCES
1)C.M.LEDERER ET.AL. TABLE OF ISOTOPES 7TH ED.(1978)
JOHN WILEY & SONS INC.
38 IGARASHI , T.FUKAHORI JAERI-1321 E19913
3)N.YAMAMURO JAERI-M 90-006(1991



MAT number =

31-GA- 69 KH
DIST-APR94

HISTORY

94-3 NEWLY EVALUATED.

MF=1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF=2 RESONANCE PARAMETERS

?125

EVAL-MAR94 T.WATANABE

MT=151 RESOLVED RESONANCE PARAMETERS

RESOLVED RESONANCE PARAMETERS FOR MLBW FORMULA
NEGATIVE ENERGY LEVEL PARAMETERS WERE ADJUSTED

KOESTER"S DATA/1/.
DATA/2/ AND MUGHABGHAB®S

BELOW

5.9KEV.)
0 REPRODUCE
KUBO*S

EVALUATION WERE MAINLY BASED ON OH
COMPILATION/3/.

CALCULATED 2200-M/S CROSS SECTIONS AND RES.
2200 M/S R

INTEGRALS (BARNS)
ES. INTEG.

TOTAL 10.36 -
ELASTIC 8.16 -
CAPTURE 2.20 18.23
MF=3 NEUTRON CROSS SECTIONS
BELOW 5.9 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 5.9 KEV, THE TOTAL, ELASTIC AND INELASTIC SCATTERING, AND
CAPTURE CROSS SECTIONS WERE CALCULATED WITH THE OPTICAL AND
STATISTICAL MODEL CODE CASTHY/4/.
OPTICAL MODEL PARAMETERS USED IN CASTHY CALCULATION WERE AS
FOLLOWS.
DEPTH (MEV) RADIUS(FM) DIFFUSENESS(FM)
V = 49.42-0.5867E RO = 5.3033 , AO = 0.415
WS = 5.381+0.4117E RS = 5.3648 , AS = 0.456
WS0= 8.552 RSO= 6.4928 , ASO= 0.648
THE LEVEL SCHEME WAS ADOPTED FROM ENSDF FILE/5/.
NO. ENERGYSMEV) SPIN- PARITY BETA2/BETAS3
GR. 0.000 3/2
1 0.3187 1/2 - 0.2
2 0.5741 5/2 - 0.2
3 0.8720 3/2 - 0.2
4 1.0285 1/2 - 0.2
5 1.1068 5/2 - 0.15
6 1.1340 7/2 - 0.15
7 1.3366 7/2 - 0.15
8 1.4880 7/2 - 0.15
9 1.5259 3/2 - 0.15
10 1.7237 5/2 - 0.15
11 1.7648 9/2 -
12 1.8916 3/2 -
13 1.9242 7/2 -
14 1.9724 9/2 +
15 1.9731 1/2 -
16 2.0076 3/2 -
17 2.0238 5/2 -
18 2.0452 5/2 -
19 2.1980 1372 -
20 2.2193 1/2 +
21 2.2510 1/2 -
22 2.3195 7/2 +
23 2.3533 5/2 -
24 2.4233 1372 -
25 2.4287 5/2 -

LEVELS ABOVE 2.43 MEV WERE ASSUMED TO BE OVERLAPPING.
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GIRBERT-

CAMERON WERE EVALUATED.

SPIN CUT-OFF PARAMETER C1 WAS TAKEN AS 0.146.

GA- 69 GA- 70

A gMEva 11.340 11.590

SPIN CUT-OFF PARAM. 8.271 8.442

PAIRING ENERGY (MEV 1.500 0.0

NORMALIZATION FACTO 1481.60 1536.20

E-JOINT (MEV) 6.924 4.221
THE CAPTURE CROSS SECTION WAS NORMALIZED TO 60 MILLIBARNS AT
100KEV TO REPRODUCE DOVBENKQ"S DATA/6/.
ABOVE 1 MEV, DIRECT/SEMIDIRECT CAPTURE CROSS SECTION NORMALIZED



TO 0.77MB AT 14 MEV WERE ADED TO CASTHY"S RESULTS/7/.
MT=16,22,28,32,33,103,104,105,106,107,

g“,ﬁg)é(N,NA) (N NDY L (NSNT) (N P) (N,D), (N, T),
WER EVALUATED WI IFIED EGNASH-2/8/ USING F2=0.6 AND
FOLLOWING OPTICAL POTENTIAL
NEUTRON :SAME AS USED IN CASTHY
PROTON :PEREYS OMP/9/
DEUTRON LOHR-HAEBERLIS OMP/10/
TRITON :BECCHETTI-GREENLESS OMP/11/
HE-3 :BECCHETTI-GREENLESS OMP
ALPHA :LEMOS OMP/12/
AND NORMALIZED TO WING DATA.
N, 2N 886.0 MB CHATTERJEE™S DATA/13/
N, NA 2.2 MB SYSTEMATICS/14/
N, NP 17.3 MB SYSTEMATICS
N,P 38.0 MB AIMS DATA/15,16/
N,D 6.87 MB YSTEMATICS
N,T 0.55 MB SYSTEMATICS
N,A 22.0 MB AV. EXP. DATA/17/

THE MU-BAR(MT=251) WAS ALSO CALCULATED WITH CASTHY.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2,16,22,28,32,51-75,91
ND INELASTIC SCATTERING CROSS SECTION, (N,2N), (N,NA),

ELASTIC A
(N, NP) AND $ %
ANGULAR DISTRiIBUTIONS WERE CALCULATED WITH CASTHY FOR ELA-
STICALLY AND INELASTICALLY SCATTERED NEUTRONS.
DIECT INELASTIC CONTRIBUTIONS WERE EVALUATED WITH DWUCKY/18/,
AND ADDED TO CASTHY"S RESULTS.
DEFORMATION PARAMETERS USED IN THE DWUCKY CALCULATION WERE
EVALUATED FROM COMPILATION/19,20/ AND ENSDF HALF LIFE DATA.
AS FOR SN,ZN) ,(N,NA), (N,NP) AND (N,ND),ISOTROPIC DISTRIBUTION
WAS ASSUMED
MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,32,91
FOR (N,ZN& (N, AE $N NPE,EN,NDB AND CONTINUM INELASTIC SCATTER-
ING, SECONDARY NEUTRON ENERGY DISTRIBUTIONS WERE CALCULATED WITH
EGNASH-2.
REFERENCES
1)L.KOESTER ET. AL Z.PHYS A318,34751984)
29N - 0HKUBO L. JAERI-M 90-213&1 905
3)S.F.MUGHABGHAB ET. AL., NEUTRON CROSS SECTION VOL.1 PART A
ADEMIC PRESS(1981
4)S.1GARASHI,T.FUKAHORI  JAERI-1321 1991
5)EVALUATED NUCLEAR STRUCTURAL DATA FILE
6)A.G. DOVBENKO ET AL. AE 26,67(1969)
79T . NAKAGAWA CAPDIR MANUAL
8N YAMAMURO JAERI-M 90-006(1991
9)F.G.PEREY PR 131, 745(1963
109J-M.LOHR,W.HAEBERLI NP A232. 381(1974
11)F.D.BECCHETTI AND POLARIZATiON PHENOMENA IN NUCLEAR
G.W.GREENLESS REACTION ~ 682(1971) UNIV. WISCONSIN
12)0.F.LEMOS ORSAY REP.SER.A NO0.136(1972)
13)A-CHATTERJEE ET AL 69 ROOKEE 2,117&1969)
14)R.A.FORREST AERE-R 12419(1986
15)S-M.QAIM ET AL NP/A 283,269(1977
163G.P. VINITSKAYA ET AL. VINITSKAYA 819693 ACC.NO0.=40009008
17)K.KAWADE ET AL JAERI-M 92-020(1992
18)N.YAMAMURO JAERI-M 88-140(1988
19)S.RAMAN ET.AL AND 42,1§19893
20)R.H.SPEAR AND 42.55(1989)



MAT nu

31-GA EVAL-MAR94 T.WATANABE
DIST-APR94

HISTORY

94-3 NEWLY EVALUATED.

MF=1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS
RESOLVED RESONANCE PARAMETERS FOR MLBW FORMULA (BELOW 5.6KEV)
NEGATIVE ENERGY LEVEL PARAMETERS WERE ADJUSTED TO REPRODUCE
KOESTERS 2200M/S DATA/1/.
RESONANCE PARAMETERD WERE EVALUATRED MAINLY BASED ON OHKUBOS
DATA/2/ AND MUGHABGHABS COMPILATION/3/.

CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES. INTEG.

mb ?131

er =
71 KH

TOTAL 8. 945 -
ELASTIC 5.236 -
CAPTURE 3.709 32.19
MF=3 NEUTRON CROSS SECTIONS
BELOW 5 6 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 5.6 KEV, THE TOTAL, ELASTIC AND INELASTIC SCATTERING, AND

CAPTURE "CROSS SECTIONS WERE CALCULATED WITH THE OPTICAL AND
STATISTICAL MODEL CODE CASTHY/4/.
gg[tg@g MODEL PARAMETERS USED IN CASTHY CALCUALTION WERE AS

DEPTH (MEV) RADIUS (FM) DIFFUSENESS(FM)
49.42-0.5867E , RO =
WS = 5.381+0.4117E . RS = 5.41
WS0= 8.552 . RSO= 6.

THE LEVEL SCHEME WAS ADOPTED FROM ENSDF Fl
NO. ENERGY (MEV) SPIN-PARI
GR. .0 3/2
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w
(o]
o
o
[N
~N
N

cococo0o00O ©oOo
=
13

NDNONNNRPRPRRPRPRRR R
APWNRFRPOOONOUIRARWNRPOOONOUITRWNE
NNNRPRPOOOONNNORRRWRPRRPOONOA
POOWOOROUIRPOWOONOOOORFREFEF
~NORPNAUUIRPEANONRFPOWOIUIONRAORAREP
NOWROOOORONOOONONWRAROWOON
~ w

~ ~N

N N

l\)l\)l\)l\)l\)l\)l\)l—\I—\I—‘I—\I—\I—‘I—\I—\I—‘I—\I—\I—‘I—‘OOOOOOO
o
©
~
~
=
N
N

=
~
N

LI T N A N A A T - A I NN Y A N I A T I Y A I N AN I B |

NN
ool

.3273 1/2
LEVELS ABOVE 2.33 MEV WERE ASSUMED TO BE OVERLAPPING.

PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GIRBERT-
CAMERON WERE EVALUATED.
SPIN CUT-OFF PARAMETER C1 WAS TAKEN AS 0.146.

GA- 71 GA- 72
A fMEva 13.000 12.900
SPIN CUT-OFF PARAM. 9.026 9.075
PAIRING ENERGY (MEV 1.430 0.0
NORMALIZATION FACTO 1747.70 1758.60
E-JOINT (MEV) 6.326 4.961
THE CAPTURE CROSS SECTION WAS NORMALIZED TO 12 MB AT 1MEV TO
REPRODUCE THE EXPERIMENTAL CAPTURE CROSS SECTION/6/.



ABOVE 1 MEV, DIRECT/SEMIDIRECT CAPTURE CROSS SECTION NORMALIZED
TO 0.74MB WERE ADDED TO CASTHY®S RESULTS/7/.

T S B o .,

EN,T ,SS,HE %%, N, é
WERE EVALUATED WI1TH MODIFIED EGNASH-2/8/ USING F2=0.6 AND
FOLLOWING OPTICAL POTENTIAL

NEUTRON SAME AS USED IN CASTHY

PROTON ZPEREYS OMP

DEUTRON :LOHR-HAEB S OMP/10/

TRITON :BECCHETT ENLESS OMP/11/

HE-3 BECCHETT ENLESS OMP/11/

ALPHA :LEMOS OM
AND NORMALIZED TO FOLL
N, 2N 950.

/9
RL
GR
GR
12
IN

O N\ITIHT ==\

DA
KA1"S DATA/13/

MS DATA/14/
TEMATICS/15/

MS DATA/16/
TEMATICS
SYSTEMATICS

MEASURED DATA/17,18/

E
I-
I-
P/
ow
MB |
MB |
MB S
MB |
MB S
MB

MB

THE

16,17, 22,28 32 51-76.
R ELASTIC AND INELASTIC SCATTERING
OF S2CONDARY NEUTRONS
WERE CALCULATED WITH CASTHY FOR ELA-
CALLY SCATTERED NEUTRONS.
TERING CONTRIBUTIONS WERE EVALUATED WITH
TO CASTHY"S RESULTS.
S_USED IN THE DWUCKY CALCULATION WAS
OMPILATION/20,21/ AND ENSDF HALF LIFE DATA.
& 3N% §N NA) (N,NP) AND (N,ND),ISOTROPIC
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T —A==0uWw
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oM

O Z=Z30 o>

MF= 5 ENERGY TIONS OF SECONDARY NEUTRONS
5 E N,NP ,EN,NDB AND CONTINUM INELASTIC
SCATTERIN L RON ENERGY DISTRIBUTIONS WERE

CALCULATED’

RENCES

.KOESTER ET. AL. Z_.PHYS. A
.OHKUBO ET. AL. JAERI-M
.F.MUGHABGHAB ET. AL., NEUTRON

. 1GARASHI , T.FUKAHORI JAERI-1
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MAT number = 3200

32-GE- KHI EVAL-MAR94 T.WATANABE
DIST-APR94

HISTORY

94-3 NEW EVALUATION WAS CONSTRUCTED FROM ISOTOPES DATA.

MF=1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS
RESOLVED RESONANCE PARAMETERS FOR MLBW FORMULA (BELOW 62.0KEV)
THE DATA WERE CONSTRUCTED FROM THE EVALUATED RESONANCE
PARAMETERS FOR GE ISOTOPES CONSIDERING THEIR ABUNDANCIES/1/.

CALCULATED 2200- MlszgggSS/gECTIONS AND RES. INTEGRALS (BARNS)

RES INTEG.
TOTAL 10.62
ELASTIC 8.51 -
CAPTURE 2.11 5.88

MF=3 NEUTRON CROSS SECTIONS
BELOW 62 KEV, RESONANCE PARAMETERS WER
ABOVE 8.5 KEV, THE TOTAL, ELASTIC AND 1

E

N CATTERING, AND
CAPTURE CROSS SECTION WERE GIVEN AS BACK

U

B

SMOOTH CROSS

E
TIC S

ND OR

0SS SECTIONS
ES.

SECTION.

THE DATA WERE CONSTRUCTED FROM THE EVAL
FOR EACH GE ISOTOPE CONSIDERING THEIR A N

MT=16,22,28,32,102,103,104,105,106,107 ,25
N,ZN), N,NA)MSNéNP) ,(NIND) . (N, PY, (K, D) (N,T), (N,HE-3),

GIVEN.
ELASTI
GROUND
ATED CR
UNDANCI

11,251

A
CONSTRUCTED FROM EACH GE ISOTOPE DATA CONSIDERING

(DZITM

WER
ABUNDANCES..
CROSS SECTIONS FOR EACH ISOTOPE (WERE EVALUATED USING CASTHY/2/
AND MODIFIED EGNASH-2/3/ PROGRA
USED NEUTRON OPTICAL MODEL PARAMETERS WERE AS FOLLOWS.
DEPTH (MEV) RADIUS(FM) DIFFUSENESS(FM)
V = 52.07-0.7434E , RO = 1.224 , A0 = 0.492
WS = 9.997+0.1299E J RS = 1.411 . AS = 0.36
WSo= 10.99 . RSO= 1.470 . ASO= 0.65
THE LEVEL SCHEME WAS ADOPTED FROM ENSDF FILE.
NO. ENERGY GE-70 GE-72 GE-73 GE-74 GE-76
(MEV)
GR. 0.000 GR GR GR GR GR
1 0.013 1
2 0.067 2, 3
3 0.354 4, 5. 6
4 0.499 7.8
5 0.551 9,10 1
6 0.596 11,12 1
7 0.692 1
8 0.742 13,14
9 0.809 15.16
10 0.834 2 17
11 0.894 18-21
12 0.994 22,23
13 1.039 1 24
14 1.108 25,26 2
15 1.204 2 2
16 1.410 3
17 1.464 3 3, 4
18 1.539 4
19 1.697 3 4 5, 6
20 1.911 7 5, 6
21 2.029 5- 7
22 2.153 4, 5 8, 9
23 2.198 10,11 7, 8
24 2.307 6
25 2.396 8, 9
26 2.452 7 10 9,10
27 2.536 8 11 12
28 2.561 9 12 13,14 11,12
29 2.670 15217 13215
30 2.753 13,14 18 16
31 2.807 10 19-21 17
32 2.876 11 15,16 18,19
33 2.926 12 17219 22-24
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. IGARASHI ,T.FUKAHORI

EFERENCES
1)C.M.LEDERER ET.AL.
2)S

3)N.YAMAMURO

R



MAT number =
32-GE- 70 KH

HISTORY
94-3 NEWLY EVALUATED

MF=1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS
RESOLVED RESONANCE PARAMETERS FOR MLBW FORMULA (BELOW 15 KEV)
NEGATIVE ENERGY LEVEL PARAMETERS WERE ADJUSTED TO REPRODUCE
KOESTERS 2200M/S DATA/1/.
PARAMETERS WERE EVALUATED MAINLY BASED ON MUGHABGHABS
COMPILATION/2/.

CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES. INTEG.

3225
1 EVAL-MAR94 T.WATANABE
DIST-APR94

TOTAL 15.43
ELASTIC 12.5 -
CAPTURE 2.93 2.51

MF=3 NEUTRON CROSS SECTIONS
BELOW 15 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 15 KEV, THE TOTAL, ELASTIC AND INELASTIC SCATTERING, AND
CAPTURE CROSS SECTIONS WERE CALCULATED WITH THE OPTICAL AND
STATISTICAL MODEL CODE CASTHY/3/.
gg[tg@g MODEL PARAMETERS USED IN CASTHY CALCULATION WERE AS

DEPTH (MEV) RADIUS (FM) DIFFUSENESS(FM)
V = 52.07-0.7434E , RO = 5.0445 , AD = 0.492
WS = 9.997+0.1299E . RS = 8151 . AS = 0.36
WS0= 10.99 . RSO= 6.0583 . ASO= 0.65
THE LEVEL SCHEME WAS ADOPTED FROM ENSDF FILE/4/.

NO . ENER SMEV) SPIN-PARITY BETA 2/3

GR. 0.0 0 +

1 0039 2+ 0.16

2 1.2154 0 +

3 1.7079 2+ 0.12

4 2.1534 4+

5 2.1574 2+ 0.12

6 2.3069 0 +

7 2.4515 3+

8 2.5358 2 o+

9 2.5614 3 - 0.11

10 2.8067 4+

11 2.8877 0 +

12 2.9452 2+ 0.11

13 3.0468 3+

14 3.0588 4+

15 3.1070 0 +

16 3.1810 2+

17 3.1942 4+

18 3.2420 1+

19 3.2966 3+

20 3.2973 6 +

21 3.3718 3+

22 3.4165 5 -

23 3.4230 2+ 0.1

24 4.0000 2+ DUMMY)

0.
LEVELS ABOVE 3.43 MEV WERE ASSUMED TO BE OVERLAPPI G.

PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GIRBERT-
CAMERON WERE EVALUATED.
SPIN CUT-OFF PARAMETER C1 WAS TAKEN AS 0.146.

GE- 70 GE- 71
A (MEva 13.430 13.600
SPIN CUT-OFF PARAM 9.088 9.232
PAIRING ENERGY (MEV 2.86 1.360
NORMALIZATION FACTO 1780.00 182830
E-JOINT (MEV) 8.23 8.064

;gg &éSIgBE CROSS SECTION WAS ADJUSTED TO 45 MILLIBARN S AT
ABOVE 1MEV, DIRECT/SEMIDIRECT CAPTURE CROSS SECTION NORMALIZED
TO 0.77MB AT 14MEV, WERE ADDED TO CASTHYS RESULTS/6/.



MT=16, 22 28,103, 104 105,106,107
g Négé) TNPY LN, PY.L (N, D) (N,T), (N,HE-3),
WER EVAL ATED WITH MODIFIED EGNASH-2/7/ USING F2=1.2 AND
FOLLOWING OPTICAL POTENTIAL
NEUTRON  :SAME AS USED IN CASTHY
PROTON :PEREYS OMP/8/
DEUTRON  :LOHR-HAEBERLIS OMP/9/
TRITON *BECCHETTI-GREENLESS OMP/10/
HESS :BECCHETTI-GREENLESS OMP/10/
ALPHA :LEMOS OMP/11/
AND  NORNAL 1ZEDT0 THE FOLLOWING DATA.
N, 2N 500.0 MB KONNO*S EXP. DATA/12/
N NP 480 MB SYSTEMATICS/13/
N.P 96.0 MB AV. OF /14/,715/ AND /16/
N.D 7.9 MB SYSTEMATICS
N.A 30.0 MB SYSTEMATICS

THE MU-BAR(MT=251) WAS ALSO CALCULATED WITH CASTHY.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2,16,22,28,51-74,91
EhéSI&CNéND INELASTIC SCATTERING CROSS SECTION, (N,2N), (N,NA)
ANGULAR D%STRIBUTIONS WERE CALCULATED WITH CASTHY FOR ELA-
STICALLY AND INELASTICALLY SCATTERED NEUTRONS. THE DIRECT
INELASTIC SCATTERING CONTRIBUTION WERE EVALUATED WITH
DWUCKY PROGRAMM/17/. DEFORMATION PARAMETERS USED IN DWUCKY
CALCUALTION WERE EVALUATED FROM COMPILATIONS/18,19/ AND
ENSDF HALF LIFE DATA AND ADJUSTED TO REPRODUCE
DDX DATA/20/.
QESFXESSN :21), (N,NA), (N,NP) AND (N,ND),1SOTROPIC DISTRIBUTION

MFM? lENERGY DéSTRIBUTIONS OF SECONDARY NEUTRONS

FOR (N, 2N & N,NP) AND CONTINUM INELSTIC SCATTERING
SECO DARY N UTRO NERGY DISTRIBUTION WAS CALCULATED WITH
EGNASH-2.

REFERENCES

lgL KO ESTER ET. AL. Z.PHYS. A327,12981987)
2)S.F.MUGHABGHAB ET. AL., NEUTRON CROSS SECTION VOL.1 PART A

ACADEMIC PRESS(1981

3)S.I1GARASHI , T.FUKAHORI JAERI-1321 1991

4)EVALUATED NUCLEAR STRUCTURAL DATA FILE

5)G. WALTERS KFK-3706(1984)

6)T. NAKAGAWA CAPDIR MANUAL

7)N.YAMAMURO JAERI-M 90-006(1991

8)F.G.PEREY PR 131, 745(1963
9)J.M.LOHR,W.HAEBERLI NP A232, 381(1974

10)F.D.BECCHETTI AND POLARIZATION PHENOMENA IN NUCLEAR

G.W.GREENLESS REACTION 682(1971) UNIV. WISCONSIN

11)0.F.LEMOS ORSAY REP.SER.A N0.136(1972)

12)KONNO ET.AL. JAERI—1329(1993g

13)R.A_FORREST AERE-R 12419%19 6)

14)H.M_HOANG ET AL ZP_.A342,283( 992%

15)J.L.CASANOVA ET AL. ARS,72,(3%,186(1 76)

16)G.P.VINITSKAYA ET AL. NESTOR LIST

17)N.YAMAMURO JAERI-M 88-140(1988)

18)S.RAMAN ET AL. AND 42,1&19893

19)R.H.SPEA AND 42,5 5198 g

20)A. TAKAHASHI ET.AL. OKTAVIAN DATA PRIVATE COM



MAT number =

32-GE- 72 KH EVAL-MAR94 T.WATANABE
DIST-APR94

HISTORY

94-3 NEWLY EVALUATED.

MF=1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS
RESOLVED RESONANCE PARAMETERS FOR MLBW FORMULA $BELOW 40KEV )
NEGATIVE ENERGY LEVEL PARAMETERS WERE ADJUSTED TO REPRODUCE
KOESTERS 2200M/S DATA/1/.
LEVEL PARAMETERS WERE EVALUATED MAINLY BASED ON MUGHABGHABS
COMPILATION/2/.

CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES. INTEG.

TOTAL
ELASTIC 9.1 -
CAPTURE 0.81 0.87

MF=3 NEUTRON CROSS SECTIONS
BELOW 40 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 40 KEV, THE TOTAL, ELASTIC AND INELASTIC SCATTERING, AND
CAPTURE CROSS SECTIONS WERE CALCULATED WITH THE OPTICAL AND
STATISTICAL MODEL CODE CASTHY /3/.
gg[tg@g MODEL PARAMETERS USED IN CASTHY CALCULATION WERE AS

?231

DEPTH (MEV) RADIUS (FM) DIFFUSENESS(FM)
V = 52.07-0.7434E , RO = 5.092 , AD = 0.492
WS = 9.997+0.1299E . RS = 5.87 AS = 0.36
WS0= 10.99 . RSO= 6.1154 . ASO= 0.65
THE LEVEL SCHEME WAS ADOPTED FROM ENSDF FILE/4/

NO . ENER YSMEV) SPIN-PARIT BETA 2/3

GR. 0.0 0 +

1 0.6916 0 +

2 0.8341 2+ 0.16

3 1.4641 2+ 0.12

4 1.7284 4+

5 2.0290 0 +

6 2.0490 0 +

7 2.0650 3+

8 2.3962 1+

9 2.4024 2+ 0.12

10 2.4640 4+

11 2.5149 3 - 0.11

12 2.5835 1+

13 2.7544 0 +

14 2.7722 6 +

15 2.8757 2+

16 2.8970 0 +

17 2.9401 1 -

18 2.9436 3 -

19 2.9504 1+

20 3.0340 2+

21 3.0358 2 -

22 3.0805 4+

23 3.0942 2+ 0.11

24 3.1290 5 -

25 3.5000 2+ 0-11DUMMY

26 40000 2+ 0.11(DUMMY

LEVELSCABOVE 326 MEY WERE ASSUWED TO BE OVERLAPPING.

PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GIRBERT-
CAMERON WERE EVALUATED.
SPIN CUT-OFF PARAMETER C1 WAS TAKEN AS 0.146.

GE- 72 GE- 73
A gMEV& 15.020 14.970
SPIN CUT-OFF PARAM. 9.793 9.867
PAIRING ENERGY (MEV 2.790 1.360
NORMALIZATION FACTO 2047 70 2069.20
E-JOINT (MEV) .841 7.828
THE CAPTURE CROSS SECTION WAS NORMALIZED USING D0=962 EV AND
GG=0.162 EV ADOPTED FROM MUGHABGHABS COMPILATION/2/.



ABOVE 1 MEV, DIRECT/SEMIDIRECT CAPTURE CROSS SECTION NORMALIZED
TO 0.76MB AT 14 MEV WERE ADDED TO CASTHYS RESULTS/5/.

MT=16,17,22,28,32,103,104,105,106,107
HE)é§ 3N) (N NA) (N NP) (N,ND),(N,P),(N,D),(N,T),
WERE EVALUAT D W TH MODIFIED EGNASH-2/6/ USING F2=1.4 AND
FOLLOWING OPTICAL POTENTIAL

NEUTRON :SAME AS USED IN CASTHY

PROTON PEREYS OMP/7/

M
ZZ
-

DEUTRON :LOHR-HAEBERLIS OMP/8/

TRITON BECCHETTI-GREENLESS OMP/9/

HE-3 :BECCHETTI-GREENLESS OMP/9/

ALPHA :LEMOS OMP/10/

AND NORMALIZED TO FOLLOWING DATA.

N, NA 1.6 MB SYSTEMATICS/11/
N, NP 5.7 MB SYSTEMATICS
N,P 33.4 MB AV.EXP.DATA/12,13/
N,D 5.3 MB SYSTEMATICS
N,T 0.026 MB SYSTEMATICS
N,A 14.0 MB AV. EXP. DATA/13,14/

THE MU-BAR(MT=251) WAS ALSO CALCULATED WITH CASTHY.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2,16,22,28,32,51-76,91
ELASTIC AND INELASTIC SCATTERING CROSS SECTION, (N,2N), (N,NA),
(N,NP) AND ND%
ANGULAR DISTRIBUTIONS WERE CALCULATED WITH CASTHY FOR ELA-
STICALLY AND INELASTICALLY SCATTERED NEUTRONS. THE DIRECT
INELASTIC SCATTERING CONTRIBUTION WERE EVALUATED WITH
DWUCKY PROGRAMM/15/. DEFORMATION PARAMETERS USED IN DWUCKY
CALCUALTION WERE EVALUATED FROM COMPILATIONS/16,17/ AND
ENSDF HALF LIFE DATA AND ADJUSTED TO REPRODUCE

Z

DDX DATA/18/.
AS FOR SN,ZN) ,(N,NA), (N,NP) AND (N,ND),I1SOTROPIC DISTRIBUTION
WAS ASSUMED
MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,22,28,32,91
FOR (N,ZN&,(N NAE N,NP ,EN,NDB AND CONTINUM INELASTIC SCATTER-
ING, SECONDARY NEUTRON ENERGY DISTRIBUTIONS WERE CALCULATED
WITH EGNASH-2.
REFERENCES
1)L.KOESTER ET.AL. Z.PHYS. A327,129,$19 73
2)S.F.MUGHABGHAB ET. AL., NEUTRON CROSS SEGTION VOL.1 PART A
ACADEMIC PRESS(1981
3)S. IGARASHI,T.FUKAHORI  JAERI-1321 1991
4)EVALUATED NUCLEAR STRUCTURAL DATA FILE
59T .NAKAGAWA CAPDIR MANUAL
69N - YAMAMURO JAERI-M 90-006(1991
7)F.G.PEREY PR 131, 745(1963
8)J-M.LOHR,W.HAEBERLI NP A232. 381(1974
9)F.D.BECCHETTI AND POLARIZATiON PHENOMENA IN NUCLEAR
G.W.GREENLESS REACTION ~ 682(1971) UNIV. WISCONSIN
10)0.F.LEMOS ORSAY REP.SER.A N0.136(1972)
11)R.A.FORREST AERE-R 12419(1986)
12)R.RIEPPO ET AL. JIN 38,1927(1976)
13)J.L.CASANOVA ET AL. ARS 72,186(1976%
143G.P.VINITSKAYA ET AL.  VINITSKAYA (196 % ACC.N0.=40009012
159N YAMAMURO JAERI-M 88-140(1988
16)S.RAMAN ET AL AND 42,1&19893
17)R.H.SPEAR AND 42.55(198 g
18)A.TAKAHASHI ET.AL. OKATVIAN DATA PRIVATE COM



MAT number =
32-GE- 73 KH

HISTORY
94-3 NEWLY EVALUATED

MF=1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS
RESOLVED RESONANCE PARAMETERS FOR MLBW FORMULA (BELOW 8.53 KEV)
NEGATIVE ENERGY LEVEL PARAMETERS WERE ADJUSTED TO REPRODUCE
KOESTERS 2200M/S DATA/1/.
LEVEL PARAMETERS WERE EVALUATED MAINLY BASED ON MUGHABGHABS
COMPILATION/2/.

CALCULATED 2200-M/S CROSS SECTIONS AND RES INTEGRALS (BARNS)
M/S ES. INTEG.

3234
1 EVAL-MAR94 T.WATANABE
DIST-APR94

2200
TOTAL 19.2
ELASTIC 4.8 -
CAPTURE 14.4 62.3
MF=3 NEUTRON CROSS SECTIONS
BELOW 8.53KEV, RESONANCE PARAMETERS WERE GIVEN.

ABOVE 8.53KEV, THE TOTAL, ELASTIC AND INELASTIC SCATTERING, AND
CAPTURE CROSS SECTIONS WERE CALCULATED WITH THE OPTICAL AND
STATISTICAL MODEL CODE CASTHY /3/.

gg[tg@g MODEL PARAMETERS USED IN CASTHY CALCULATION WERE AS

DEPTH (MEV) RADIUS (FM) DIFFUSENESS(FM)
V = 52.07-0.7434E , RO = 5.1155 , AD = 0.492
WS = 9.997+0.1299E . RS = 5.897 . AS = 0.36
WS0= 10.99 . RSO= 6.1436 . ASO= 0.65

THE LEVEL SCHEME WAS ADOPTED FROM ENSDF FILE/4/.
ENER SMEV) SSIN PARITY BETA2/BETA3
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LEVELS ABOVE 1.14 MEV WERE ASSUMED TO BE OVERLAPPING.

PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GIRBERT-
CAMERON WERE EVALUATED.
SPIN CUT-OFF PARAMETER C1 WAS TAKEN AS 0.146.

GE- 73 GE- 74
A, {NEV) 14.970 13.550
SPIN CUT-OFF PARAM. 9.867 9.473
PAIRING ENERGY (MEV 1.360 3.240
NORMAL1ZATION FACTO 2069.20 189860
E-JOINT (MEV) 28 10.660
THE CAPTURE CROSS SECTION WERE NORMALIZED USING D0=82 EV AND
GG=0.145 EV, ADOPTED FROM MUGHABGHABS COMPILATION/2/.



ABOVE 1
T0 0.

MEV,DIRECT/SEMIDIRECT CAPTURE CROSS SECTION NORMALIZED
76MB AT 14 MEV WERE ADDED TO CASTHYS RESULTS/5/.

MT=16,17,22,28,32,103,104,105,106,107

)

( 3N) (N,NAY, (N,NP), (N.ND), (N,P),(N,D),(N,T),

N, ,
EN,HE-3), )
WERS EUALUATED WITH MODIFIED EGNASH-2/6/ USING F2=1.2 AND
FOLLOWING OPTICAL POTENTIAL
NEUTRON  :SAME AS USED IN CASTHY
PROTON *PEREYS OMP/7/
DEUTRON  :LOHR-HAEBERLIS OMP/8/
TRITON *BECCHETTI-GREENLESS OMP/9/
HE-3 *BECCHETTI-GREENLESS OMP/9/
ALPHA :LEMOS OMP/10/
AND NORMALIZED TO FOLLOWING DATA.
N, NA) 0.97  MB SYSTEMATICS/11/
N.P) 20.7 MB KONNO*S EXP. DATA/12/
N.D+NP) 4277 MB KONNO*S EXP. DATA/12/
NoT 0.36 MB SYSTEMATICS
N A 7.79  MB SYSTEMATICS

THE MU-BAR(MT=251) WAS ALSO CALCULATED WITH CASTHY.

MF=4

ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=2,16,17,22,28,32,51-76,91
ELASTIC AND INELASTiC SCATTERING CROSS SECTION, (N,2N),(N,3N),

(N NA) (N NP) AND
ANGULAR DiSTRI
STICALLY
INELASTIC
DWUCKY PROGRAMM/13/.

N, N

BUTISN WERE CALCULATED WITH CASTHY FOR ELA-

AND INELASTICALLY SCATTERED NEUTRONS.
SCATTERING CONTRIBUTION WERE EVALUATED WITH

DEFORMATION PARAMETERS USED IN DWUCKY

THE DIRECT

CALCULATION WERE EVALUATED FROM COMPILATIONS/14,15/ AND
HALF _LIFE DATA FROM ENSDF AND ADJUSTED TO REPRODUCE

DDX DATA/16/
AS FOR (N, ZN% &N 3N
DISTRIBUTION AS A

MF=5
MT=16,

N,NA), (N,NP) AND (N,ND
N:NAY, (N, NP) (N,ND),

ISOTROPIC

ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS

FOR %N ZNg gN 3NBA§Y NEa &N NP& &N ,ND) AND CONTINUM INELASTIC

SCATTERIN ECON ON E GY DISTRIBUTIONS WERE
CALCULATED WITH EGNASH-

REFERENCES

1)L.KOESTER ET. AL. .PHYS. A327,12961987)

2)S.F. MUGHABGHAB ET. AL., NEUTRON CROSS SECTION VOL.1 PART A
ACADEMIC PRESS(1981

3)S.I1GARASHI , T.FUKAHORI JAERI-1321 1991

4)EVALUATED NUCLEAR STRUCTURAL DATA FILE

5)T.NAKAGAWA CAPDIR MANUAL

6)N.YAMAMURO JAERI-M 90-006(1991

7)F.G.PEREY PR 131, 745(1963

8)J.M_LOHR,W.HAEBERLI NP A232, 381(1974

9)F.D.BECCHETTI AND POLARIZATION PHENOMENA IN NUCLEAR

G.W.GREENLESS REACTION 682(1971) UNIV. WISCONSIN

10)0.F.LEMOS ORSAY REP.SER.A N0.136(1972)

11)R.A_FORREST AERE-R 1241951986)

12)C.KONNO ET AL JAERI-1329(1993)

13)N.YAMAMURO JAERI-M 88-140(1988)

14)S.RAMAN ET AL. AND 42,1&19893

15)R.H.SPEAR AND 42,55(198 g

16)A.TAKAHASHI ET.AL. OKTAVIAN DATA PRIVATE COM



MAT number 3237

32-GE- 74 KHI EVAL-MAR94 T.WATANABE
DIST-APR94

HISTORY

94-3 NEWLY EVALUATED.

MF=1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS
RESOLVED RESONANCE PARAMETERS FOR MLBW FORMULA (BELOW 62.
NEGATIVE ENERGY LEVEL PARAMETERS WERE ADJUSTED TO REPRODUCE
KOESTERS 2200M/S DATA/1/.
LEVEL PARAMETERS WERE EVALUATED MAINLY BASED ON MUGHABGHABS
COMPILATION/2/.

CALCULATED 2200-M/S CROSS SECTIONS AND RES.
2200 M/S RE

0 KEV)

INTEGRALS (BARNS)
S. INTEG.

TOTAL
ELASTIC 6.8 -
CAPTURE 0.42 0.46
MF=3 NEUTRON CROSS SECTIONS
BELOW 62 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 62 KEV, THE TOTAL, ELASTIC AND INELASTIC SCATTERING, AND

CAPTURE CROSS SECTIONS WERE CALCULATED WITH THE OPTICAL AND
STATISTICAL MODEL CODE CASTHY /3/.
gg[tg@g MODEL PARAMETERS USED IN CASTHY CALCULATION WERE AS

DEPTH (MEV) RADIUS(FM) DIFFUSENESS(FM)
V = 52.07-0.7434E , RO = 5.1388 , A0 = 0.492
WS = 9.997+0.1299E , RS = 5.9239 , AS = 0.36
WS0= 10.99 , RSO= 6.1716 , ASO= 0.65
THE LEVEL SCHEME WAS ADOPTED FROM ENSDF FILE/4/

NO. ENER YSMEV) SPIN-PARITY BETA 2/3

GR. 0.0 0 +

1 0.5959 2+ 0.16

2 1.2042 2+ 0.12

3 1.4638 4 +

4 1.4828 0 +

5 1.6971 3 +

6 1.7250 0 +

7 1.9130 0 +

8 2.1650 1 -

9 2.1653 3 +

10 2.1980 2 o+ 0.11

11 2.2277 0 +

12 2.5363 3 - 0.11

13 2.5693 4 +

14 2.6002 1 -

15 2.6696 4 +

16 2.6938 2 o+

17 2.6969 2 o+

18 2.7530 0 +

19 2.8285 4 +

20 2.8359 2 o+

21 2.8440 3 -

22 2.9255 2+

23 2.9355 4 -

24 2.9491 2 -

25 2.9735 2+ 0.11

26 3.5000 2 o+ 0.1

7 4.000 2 o+

2 0000 0.1
LEVELS ABOVE 3.02 MEV WERE ASSUMED TO BE OVERLAPPING.

PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GIRBERT-
CAMERON WERE EVALUATED.
SPIN CUT-OFF PARAMETER C1 WAS TAKEN AS 0.146.

GE- 74 GE- 75
A (MEva 13.550 13.500
SPIN CUT-OFF PARAM. 9.473 9.540
PAIRING ENERGY (MEV 3.240 1.360
NORMALIZATION FACTO 1898.60 1917.20
E-JOINT (MEV) 10.660 7.654
THE CAPTURE CROSS SECTION WERE NORMALIZED TO 26 MILLI-



BARNS AT 50KEV/5/.
ABOVE 1 MEV, DIRECT/SEMIDIRECT CAPTURE CROSS SECTION NORMALIZED
TO 0.77MB AT 14 MEV, WERE ADDED TO CASTHYS RESULT/6/.

V= 1ﬁ 503 22N28N103N18ﬁ 103 ﬁ87 N,P),(N,D), (N,T),(N,A
WERE EVA UgTES @ §H MOB EIED EG§A§H25577 aéfNé Eéglfz)AND
FOLLOWING OPTICAL POTENTIAL

NEUTRON :SAME AS USED IN CASTHY
PROTON :PEREYS OMP/8/

DEUTRON :LOHR-HAEBERLIS OMP/9/

TRITON BECCHETTI-GREENLESS OMP/10/

HE-3 BECCHETTI-GREENLESS OMP/10/

ALPHA :LEMOS OMP/11/

AND NORMALIZED TO FOLLOWING DATA.

N, NA 0.6 MB SYSTEMATICS/12/
N, NP 0.67 MB WEBBERS DATA/13/
N,P 11.5 MB AV_.EXP DATA/14,15/
N,D 2.0 MB KONNO"S DATA/18/-EXP_DATA/13/
N,A 18.0 MB AV .EXP.DATA/16,17/

THE MU-BAR(MT=251) WAS ALSO CALCULATED WITH CASTHY.

NF=4_ ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2,16,17,22,28,51-77,91
ELASHTC AND TRELASTIC SCATTERING CROSS SECTION, (N, 2N), (N,3N),
(N,NA) AND (N,NP
ANGULAR DISTRiIBUTIONS WERE CALCULATED WITH CASTHY FOR ELA-
STICALLY AND INELASTICALLY SCATTERED NEUTRONS. THE DIRECT
INELASTIC SCATTERING CONTRIBUTION WERE EVALUATED WITH
DWUCKY PROGRAMM/19/. DEFORMATION PARAMETERS USED IN DWUCKY

CALCULATION WERE EVALUATED FROM COMPILATIONS/20,21/ AND
ENSDF HALF LIFE DATA AND ADJUSTED TO REPRODUCE DDX DATA/22/.
AS FOR (N,2N),(N,3N),(N,NA) AND (N,NP),ISOTROPIC DISTRIBUTIONS
WAS ASSUMED.

UF=5_ ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16 22,28,91
FOR N & (N8N, CNNAY (NP AND CONTINUM INELASTIC SCATTER-
ING, SECO DARY NEUTRON RGY DISTRIBUTIONS WERE CALCULAT
WITH EGNASH-2.

REFERENCES

1)L.KOESTER ET AL. Z.PHYS. A327,129§1987)

535 FONUGHABGHAB ET. AL.. NEUTRON CROSS SECTION VOL.1 PART A

ACADEMIC PRESS(1981

3)S.IGARASHI,T.FUKAHORI  JAERI-1321 1991

2JBVALUATED RUCLEAR STRUCTURAL DATA FILE

59V.A.TOLSTIKOV YFI-6.5 (1968)

69T . NAKAGAWA CAPDIR MANUAL

79N - YAMAMURO JAERI-M 90-006(1991

8)F.G.PEREY PR 131, 745(1963

99J.M.LOHR,W.HAEBERLI NP A232. 381(1974

10)F.D.BECCHETTI AN POLARIZATiON PHENOMENA IN NUCLEAR

G.W.GREENLESS REACTION ~ 682(1971) UNIV. WISCONSIN

11)0.F.LEMOS ORSAY REP.SER.A N0.136(1972)

12)R.A.FORREST AERE-R 12419(1986)

13)L.D.WEBBER ET AL BAP 13,1663(1968

14)R.RIEPPO ET AL. JIN 38.1927(1976

15)R.E.WOOD ET AL. PR 154.1108(1967

16)R.VAENSKAE ET AL NIM 179,525(1981

17)J.L.CASANOVA ET AL. ARS 72,186(1976

18)C.KONNO ET AL. JAERI-1329(¢1993

199N YAMAMURO JAERI-il 88-140(1988)

20)S.RAMAN ET AL AND 42,1§19893

21)R.H.SPEAR AND 42.55(1980)

22)A.TAKAHASHI ET.AL. OKTAVIAN DATA PRIVATE COM.



MAT number =

32-GE- 76 KH EVAL-MAR94 T.WATANABE
DIST-APR94

HISTORY

94-3 NEWLY EVALUATED.

MF=1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS
RESOLVED RESONANCE PARAMETERS FOR MLBW FORMULA (BELOW 50.0 KEV)
NEGATIVE ENERGY LEVEL PARAMETERS WERE ADJUSTED TO REPRODUCE
KOESTERS 2200 M/S DATA/1/.
LEVEL PARAMETERS WERE EVALUATED MAINLY BASED ON MUGHABGHABS
COMPILATION/2/.

?243

CALCULATED 2200-M/S CROSS SECTIONS AND RES INTEGRALS (BARNS)
2200 M/S ES. INTEG.
TOTAL 7.86
ELASTIC 7.71 -
CAPTURE 0.15 1.32

MF=3 NEUTRON CROSS SECTIONS
BELOW 50 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 50 KEV, THE TOTAL, ELASTIC AND INELASTIC SCATTERING, AND
CAPTURE CROSS SECTIONS WERE CALCULATED WITH THE OPTICAL AND
STATISTICAL MODEL CODE CASTHY /3/.
gg[tg@g MODEL PARAMETERS USED IN CASTHY CALCULATION WERE AS

DEPTH (MEV) RADIUS (FM) DIFFUSENESS(FM)
V = 52.07-0.7434E , RO = 5.1846 , AD = 0.492
WS = 9.997+0.1299E . RS = 5.9767 . AS = 0.36
WS0= 10.99 . RSO= 6.2267 . ASO= 0.65
THE LEVEL SCHEME WAS ADOPTED FROM ENSDF FILE/4/

NO . ENER SMEV) SPIN-PARITY BETA 2/3

GR. 0.0 0 +

1 072699 2+ 0.16

2 1.1084 2+ 0.12

3 1.4101 4+

4 1.5395 3+

5 1.9111 0 +

6 2.0199 4+

7 2.2059 1+

8 2.2842 3 - 0.11

9 2.4781 1+

10 2.5036 2+ 0.11

11 2.5911 1+

12 2.6545 4+

13 2.6911 3 -

14 2.7340 4+

15 2.7478 4+

16 2.7688 2+

17 2.8416 2+

18 2.8977 0 +

19 2.9198 1 -

20 3.0087 1+

21 3.0405 2+ 0.11

22 3.0530 1+

23 3.5000 2+ 0.10(DUMMY

24 4.0000 2+ 0.10(DUMMY

LEVELS ABOVE 3.06 MEV WERE ASSUMED TO BE OVERLAPPING.

PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GIRBERT-
CAMERON WERE EVALUATED.
SPIN CUT-OFF PARAMETER C1 WAS TAKEN AS 0.146.

GE- 76 GE- 77
A (MEva 14.230 14.200
SPIN CUT-OFF PARAM. 9.882 9.871
PAIRING ENERGY (MEV 2.830 1.360
NORMALIZATION FACTO 2047.70 204340
E-JOINT (MEV) 58 72
THE CAPTURE CROSS SECTION WERE NORMALIZED TO 18 MILLI-
BARNS AT 25 KEV/5

ABOVE 1 MEV, DIRECT/SEMIDIRECT CAPTURE CROSS SECTION NORMALIZED
TO 0.766MB AT 14 MEV,WERE ADDED TO CASTHGYS RESULT/6/.



MT:16,%§,22N23N103 ON NP), (N N,D),(N,T),(N,A)
WERE EVAEU&TED @ § BlglE EG&AS 57/ Bste Ezzl.z AND
FOLLOWING OPTICAL POTENTIAL
NEUTRON  :SAME AS USED IN CASTHY
PROTON *PEREYS OMP/8/
DEUTRON  :LOHR-HAEBERLIS OMP/9/
TRITON *BECCHETTI-GREENLESS OMP/10/
HE- 3 BECCHETTI—GREE LESS OMP/10/
ALPHA “LEMOS OMP/11/
AND NORMALIZED TO FOLLOWING DATA.
N, 2N) 1130 MB EXP. DATA /12,13,14,15/
N.P 2.9 MB EXP. DATA /167
N.D 1.7 MB SYSTEMATICS/17/
N.A 1.63 MB SYSTEMATICS

THE MU-BAR(MT=251) WAS ALSO CALCULATED WITH CASTHY.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2,16,17,22,28,51-74,91
ELASTIC AND INELASTIC SCATTERING CROSS SECTION, (N,2N),(N,3N),
(N,NA) AND $N NP%
ANGULAR DISTRIBUTIONS WERE CALCULATED WITH CASTHY FOR ELA-
STICALLY AND INELASTICALLY SCATTERED NEUTRONS. THE DIRECT
INELASTIC SCATTERING CONTRIBUTION WERE EVALUATED WITH

DWUCKY PROGRAMM/18/. DEFORMATION PARAMETERS USED IN DWUCKY
CALCUALTION WERE EVALUATED FROM COMPILATIONS/19,20/ AND
ENSDF HALF LIFE DATA AND ADJUSTED TO REPRODUCE DDX DATA/21/.
AS FOR gN,ZN),(N,3N),(N,NA) AND (N,NP),ISOTROPIC DISTRIBUTIONS
WERE ASSUMED.

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16,17,22,28,91
FOR (N,ZN&,(N NE N, NA .EN,NPB AND CONTINUM INELASTIC SCATTER-
ING, SECONDARY N RON ENERGY DISTRIBUTIONS WERE CALCULATED
WITH EGNASH-2.

REFERENCES

lgL KOESTER ET. AL. Z.PHYS. A327,12981987)

2)S.F.MUGHABGHAB ET. AL., NEUTRON CROSS SECTION VOL.1 PART A

ACADEMIC PRESS(1981

3)S.I1GARASHI , T.FUKAHORI JAERI-1321 1991

4)EVALUATED NUCLEAR STRUCTURAL DATA FILE

5)G.WALTER KFK-3706(1984)

6)T.NAKAGAWA CAPDIR MANUAL

7)N.YAMAMURO JAERI-M 90-006(1991

8)F.G.PEREY PR 131, 745(1963

9)J.M.LOHR,W.HAEBERLI NP A232, 381(1974

10)F.D.BECCHETTI AND POLARIZATION PHENOMENA IN NUCLEAR

G.W.GREENLESS REACTION 682(1971) UNIV. WISCONSIN

11)0.F.LEMOS ORSAY REP.SER.A N0.136(1972)

12)S.0KUMURA ET AL NP/A 93,74(1967)

13)E.STEINER ET AL HPA 43,1751969%

14)R.VAENAKAE ET AL NIM 179,525(1981

15)1.BIRN JUL-2803,37(1993

16)R.RIEPPO ET AL JIN 38,1927(1976

17)R.A_FORREST AERE-R 1241 5198 g

18)N.YAMAMURO JAERI-M 88-140(1988)

19)S.RAMAN ET AL. AND 42,1&19893

20)R.H.SPEAR AND 42,55(198 g

21)A.TAKAHASHI ET.AL. OKTAVIAN DATA PRIVATE COM.



MAT number = 3325
33-AS- 75 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.

HISTORY
90-03 NEW EVALUATION FOR JENDL-3 WAS COMPLETED BY JNDC FPND

DIST-SEP90 REV2-FEB94

W.G./1/

94-02 JENDL-3.2

JENDL-3.1 WAS REPLACED WITH JENDL FUSION FILE
COMPILED BY T.NAKAGAWA
*kk*k*x MODIFIED PARTS FOR JENDL 3 2 ORI R o o ok ok e S Sk SRR SR kA
ALL CROSS SECTIONS EXCEPT
(3,32), (3,33), $3 lOSE AND (3 106) WERE DELETED.

ALL ANGULAR DISTRIBUTIONS EXCEPT FOR (4,2

ALL ENERGY DISTRIBUTIONS.

AEAAK AR AR AR AR AR AR AR AKRAKRAA A A A AA AKX AN AR AR AR A A A XA A d A hkhkd A dhhhhdhhhk

JENDL FUSION FILE 72/ AS OF FEB. 1994)

EVALUATED BY K.KOSAKO (NEDAC) AND S. CHIBA (NDC/JAERI)
COMPILED BY K.KOSAKO.

- THE INELASTIC SCATTERING CROSS SECTIONS AND ANGULAR
DISTRIBUTIONS OF INELASTICALLY SCATTERED NEUTRONS (EXCEPT
CONTINUUM INELASTIC) WERE CALCULATED WITH CASTHY2Y AND
THE (N, 2N) o (N30t CRNAY S CHONPY, (N.P), (N.D) AN
gN,A) REA%TISN CR%SS SECT?ONg MT=ie, 17, 5 g 103

04, 1073 WERE CALCULATED BY EGNASH2 IN THE SINCROS-T1 .

- THE CAPTURE CROSS SECTION, RESONANCE PARAMETERS AND ANG.
DISTRIBUTIONS OF ELASTICALLY SCATTERED NEUTRONS WERE
TAKEN FROM JENDL-3.1.

- ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCU-
LATED BY EGNASH2. THE DDX"S OF THE CONTINUUM NEUTRONS
WERE OBTAINED FROM KUMABE®"S SYSTEMATICS /4/ USING
F15T0B/2/. THE PRECOMPOUND TO COMPOUND RATIO WAS
CALCULATED BY THE SINCROS- 11 CODE _SYSTEM.

- OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED IN
THE SINCROS-11 CALCULATION ARE DESCRIBED IN REF./3/.

LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/5/.

MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF = 2 RESONANCE PARAMETERS (SAME AS JENDL-3.1
MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS

RESOLVED RESONANCE REGION (MLBW FORMULA% BELOW .7 KEV
RESONANCE PARAMETERS FOR THE 39 LEVELS FROM 47.0 TO 2616 EV

RE EVALUATED ON THE BASIS OF THE DATA GIVEN BY MUGHABGHAB ET
./6/ RESONANCE ENERGIES FOR THE 210 LEVELS FROM 2676 TO

960 EV WERE BASED ON THE MEASUREMENT BY MACKLIN/7/. NEUTRON

D RADIATION WIDTHS FOR THE 210 LEVELS WERE DETERMINED BY

FFERENT METHODS ACCORDING TO THE FOLLOWING THREE CONDITIONS,

SPECTIVELY.

N CASES WHERE TOTAL WIDTH

URED BY MACKLIN ARE GIVEN

RON AND RADIATION WIDTHS W

ING A QUADRATIC EQUATION.

IN CASES WHERE NEUTRON CAPTURE AREA MEASURED BY MACKLIN
*(NEUTRON WIDTH) GIVEN BY MUGHABGHAB ET AL. ARE AVAILABLE
FOR A RESONANCE LEVEL, THE RADIATION WIDTHS WERE DERIVED FR
THE BOTH DATA.

3) IN CASES WHERE ONLY NEUTRON CAPTURE AREA BY MACKLIN 1S
AVATLABLE, OR G*(NEUTRON WIDTH) BY MUGHABGHAB ET AL. IS

SMALLER_THAN NEUTRON CAPTURE AREA BY MACKLIN FOR A RESONA
LEVEL, THE AVERAGE RADIATION WIDTH OF 318 MEV GIVEN BY MA
WAS ADOPTED FOR THE LEVEL. THE NEUTRON WIDTH WAS DERIVED
THIS AVERAGE RADIATION WIDTH AND THE NEUTRON CAPTURE AREA.

NEUTRON ORBITAL ANGULAR MOMENTUM L OF SOME RESONANCES WAS
ESTIMATED WITH A METHOD OF BOLLINGER AND THOMAS/8/. TOTAL
SPIN J OF SOME RESONANCES WAS TENTATIVELY ESTIMATED WITH A
RANDOM NUMBER METHOD. SCATTERING RADIUS WAS TAKEN FROM
MUGHABGHAB ET AL. TWO NEGATIVE RESONANCES WERE ADDED SO AS TO
EECROD

E
1

UTRON CAPTURE AREA
GESONANCE LEVEL, THE

AND N
FOR A
ERE S LTANEOUSLY OBTAINED BY

DN N=Z=F- DOTRI>=
rcx>
<—U =

GO’ OIMmMITN~s n'I—ZI—‘I_ITI

o=
MmO
or-m

UCE THE THERMAL CAPTURE AND SCATTERING CROSS SECTIONS
EN BY MUGHABGHAB ET AL.

UNRESOLVED RESONANCE REGION : 9.7 KEV - 100 KEV



THE NEUTRON STRENGTH FUNCTION SO WAS BASED ON THE COMPILATION
OF MUGHABGHAB ET AL., AND S1 WAS BASED ON THE SYSTEMATICS OF
MUGHABGHAB ET AL., AND S2 WAS CALCULATED WITH OPTICAL MODEL
CODE CASTHY/9/. ~THE RADIATION WIDTH GG WAS BASED ON THE
COMPILATION OF MUGHABGHAB ET AL. THE OBSERVED LEVEL SPACING
WAS DETERMINED TO REPRODUCE THE CAPTURE CROSS SECTION
CALCULATED WITH CASTHY. THE EFFECTIVE SCATTERING RADIUS WAS
OBTAINED FROM FITTING TO THE CALCULATED TOTAL CROSS SECTION AT
100 KEV.
TYPICAL VALUES OF THE PARAMETERS AT 70 KEV:
SO0 = 700E-4, S1 = 1.100E-4, S2 = 0.773E-4, SG = 43.3E-4,
GG = O 300 EV, R = 7.248 FM.
CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES INTEG.
TOTAL 9.930
ELASTIC 5.430
CAPTURE 4.500 63.9
= 3 NEUTRON CROSS SECTIONS
BELOW 100 KEV, RESONANCE PARAMETERS WERE GIVEN.
FOR_JENDL-3.1, ABOVE 100 KEV, THE SPHERICAL OPTICAL AND
STATISTICAL MODEL CALCULATION WAS PERFORMED WITH CASTHY, BY
TAKING ACCOUNT OF COMPETING REACTIONS, OF WHICH CROSS SECTIONS
WERE CALCULATED WITH PEGASUS/10/ STANDING ON A PREESUILIBRIUM
AND MULTI-STEP EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN
IN TABLE 1 WERE DETERMINED TO REPRODUCE A SYSTEMATIC TREND OF
THE TOTAL CROSS SECTION BY CHANGING RO, RS AND RSO OF
11JIMA-KAWAL POTENTIAL/11/. THE OMP*S FOR CHARGED PARTICLES ARE
AS FOLLOWS:
PROTON = PEREY/12/
ALPHA = HUIZENGA AND 1G0/13/
DEUTERON = LOHR AND HAEBERLI1/14/
HELIUM-3 AND _TRITON = BECCHETTI AND GREENLEES/15/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/16/ WERE EVALUATED BY I11JIMA ET AL./17/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
EégﬁMETER IN THE ENERGY RANGE BELOW E-JOINT 1S DUE TO GRUPPELAAR
FOR JENDL-3.2, ALL CROSS SECTION DATA EXCEPT FOR THE ELASTIC
SCATTERING AND CAPTURE WERE ADOPTED FROM JENDL FUSION FILE. THE
CALCULATION WAS MADE WITH SINCROS-11 SYSTEM/3/ BY ADOPTING
WALTER-GUSS OMP MODIFIED BY YAMAMURO/3/ FOR NEUTRON, PEREY OMP
/19/ FOR PROTON, LEMOS OMP MODIFIED BY ARTHUR AND YOUNG/20/ FOR
ALPHA, LOHR-HAEBERLI OMP/21/ FOR DEUTERON, BECCHETTII-GREENLEES
OMP/22/ FOR TRITON AND HE-3, AND STANDARD LEVEL DENSITY
PARAMETERS OF SINCROS-11 SYSTEM.
MT =1 TOT

A
TAKEN FROM JENDL FUSIO FILE. SPHERICAL OPTICAL MODEL CALCULA-
ON WITH CASTHY AND MODIFIED WALTER-GUSS POTENTIAL WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT =4, 51 - 91 INELASTIC SCATTERING
TAKEN FROM JENDL FUSION FILE. THE LEVEL SCHEME WAS BASED ON
REF./5/ CONTRIBUTIONS OF THE DIRECT PROCESS WERE CALCULATED
FOR THE LEVELS MARKED WITH ***".

NO. ENERGY (MEV) SPIN-PARITY (DIRECT PROCESS)
GR. 0.0 3/2 -
1 0.1986 1/2 - *
2 0.2647 3/2 - *
3 0.2795 5/2 - *
4 0.3039 9/2 + *
5 0.4007 5/2 + *
6 0.4686 1/2 - *
7 0.5722 5/2 - *
8 0.5850 1/2 -
9 0.6177 1/2 - *
10 0.8216 7/2 - *
LEVELS ABOVE 0.823 MEV WERE ASSUMED TO BE OVERLAPPING.
MT = 102 CAPTURE (SAME AS JENDL- 1&
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS



SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI
AND REFF0/23/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.
THE GAMMA-RAY STRENGTH FUNCTION §3.84E—03 WAS ADJUSTED TO
REPRODUCE THE CAPTURE CROSS SECTION OF 350 MILLI-BARNS AT 50
KEV MEASURED BY MACKLIN/7/.
MT = 16 N,2N) CROSS SECTION
MT = 17 N,3N) CROSS SECTION
MT = 22 N,N*A) CROSS SECTION
MT = 28 N,N*P) CROSS SECTION
MT =103 N,P ROSS SECTION
MT =104 N,D) CROSS SECTION
MT =107 N,A PHAB CROSS SECTION
ADOPTED_FROM JENDL FUSION FILE. THEORETICAL CALCULATION WAS
MADE WITH SINCROS-11. THE RESULTS WERE NORMALIZED TO
N, 2N) 0.804-0.991 B IN 13.34-14.93 MEV BY KONNO+/24/,
N,D)+(N,NP) 0.0111 B AT 14.5 MEV (SYSTEMATICS OF FORREST/25/)
N,P 0.0198-0.0172B IN 13.33-14.92 MEV BY KONNO+/24/,
N,A 0.01007 B AT 13.98 MEV BY KONNO+/24/.
MT = 251 MU-BAR
CALCULATED WITH CASTHY.
MF = 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=2 SSAME AS JENDL-3.1)
CALCULATED WITH THE CASTHY CODE/9/.
MT=16, 17 22, 28, 51-91
TAKEN FROM JENDL FUSION FILE.
MF = 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16, 17, 22, 28, 91
TAKEN FROM JENDL FUSION FILE.

<< THE PARAMETERS USED IN THE CASTHY AND PEGASUS CALCULATIONS. >>
TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS

DEPTH (MEV) RADIUS(FM) DIFFUSENESS(FM)
R 46 0-0.25E RO = 5.7 AO = 0.62
Ws = RS = 6.% Ag = 0.25

VS0= 7.0 RSO= 5. 0= 0
THE FORM OF SURFACE ABSORPTION PART IS DER. WOODS-SAXON TYPE.
TABLE 2 LEVEL DENSITY PARAMETERS

NUCLIDE SYST A(1/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING
31-GA- 71 * 1.332E+01 9.155E-01 1.399E+01 9.613E+00 1.430E+00
31-GA- 72 * 1.390E+01 9.028E-01 9.003E+01 8.399E+00 0.0
31-GA- 73 1.269E+01 8.264E-01 1.933E+00 7.808E+00 1.880E+00
31-GA- 74 * 1.350E+01 8.784E-01 5.236E+01 7.551E+00 0.0
32-GE- 72 * 1.350E+01 9.028E-01 3.062E+00 1.086E+01 2.790E+00
32-GE- 73 * 1.409E+01 8.904E-01 1.973E+01 9.644E+00 1.360E+00
32-GE- 74 * 1.384E+01 8.784E-01 1.667E+00 1.106E+01 3.240E+00
32-GE- 75 * 1.368E+01 8.667E-01 1.100E+01 8.810E+00 1.360E+00
33-AS- 73 * 1.369E+01 8.904E-01 1.364E+01 9.389E+00 1.430E+00
33-AS- 74 1.132E+01 9.475E-01 1.967E+01 7.033E+00 0.

33-AS- 75 1.250E+01 9.510E-01 6.830E+00 1.008E+01 1.880E+00
33-AS- 76 1.330E+01 7.860E-01 1.900E+01 5.611E+00 0.

SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.

SPIN CUTOFF PARAMETERS WERE CALCULATED AS 146*SQRT§A3*A**E2/3).
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT WER
ASSUMED TO BE 3.5 FOR AS- 75 AND 5.0 FOR AS- 76.

REFERENCES
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MAT number = 3425

34-SE- 74 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90

HISTORY

90-03 WEg E¥¢LUATION FOR JENDL-3 WAS COMPLETED BY JNDC FPND

MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF = 2 RESONANCE PARAMETERS

MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS

RESOLVED RESONANCE REGION EMLBW FORMULA% BELOW 2.6 KEV
RESONANCE PARAMETERS WERE BASED ON MUGHABGHAB ET AL./2/
AVERAGE RADIATION WIDTH OF 250 MEV WAS OBTAINED BY TAKING THE
WEIGHTED AVERAGE OF RADIATION WIDTHS FOR SIX RESONANCE LEVELS,
AND WAS ADOPTED FOR THE LEVELS OF 1.630 AND 7.216 KEV WHOSE
RADIATION WIDTH WAS UNKNOWN. SCATTERING RADIUS WAS ALSO TAKEN
FROM MUGHABGHAB ET AL. A NEGATIVE RESONANCE WAS ADDED SO AS
TO REPRODUCE THE CAPTURE CROSS SECTION OF 51.8+-1.2 BARNS AT
0.0253 EV GIVEN BY MUGHABGHAB ET AL.

UNRESOLVED RESONANCE REGION : 2.6 KEV - 100 KEV

THE NEUTRON STRENGTH FUNCTION SO WAS BASED ON THE COMPILATION
OF MUGHABGHAB ET AL., AND S1 WAS BASED ON THE SYSTEMATICS OF
MHGHABGHAB ET AL., S2 WAS CALCULATED WITH OPTICAL MODEL CODE
CASTHY/3/. THE OBSERVED LEVEL SPACING WAS DETERMINED TO
REPRODUCE THE CAPTURE CROSS SECTION CALCULATED WITH CASTHY.
THE EFFECTIVE SCATTERING RADIUS WAS OBTAINED FROM FITTING TO
THE _CALCULATED TOTAL CROSS SECTION AT 100 KEV. THE RADIATION
WIDTH GG WAS BASED ON THE COMPILATION OF MUGHABGHAB ET AL.
TYPICAL VALUES OF THE PARAMETERS AT 70 KEV:
SO = 1.290E-4, S1 = 1.000E-4, S2 = 0.780E-4, SG = 5.68E-4,
GG = 0.280 EV, R* = 7.514 FM.
CALCULATED 2200-M/S CROSS SECTIONS AND RES INTEGRALS (BARNS)
2200 _M/S ES. INTEG.
TOTAL 59.07 -
ELASTIC 7.274 -
CAPTURE 51.80 580
MF = 3 NEUTRON CROSS SECTIONS
BELOW 100 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/4/ STANDING ON A PREESUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN IN TABLE 1 WERE
DETERMINED TO REPRODUCE A SYSTEMATIC TREND OF THE TOTAL CROSS
SECTION BY CHANGING RO, RS AND RSO OF T1JIMA-KAWAI POTENTIAL/5/.
THE OMP"S FOR CHARGED PARTICLES ARE AS FOLLOWS:
PROTON = PEREY/6/
ALPHA = HUIZENGA AND 1G0/7/
DEUTERON = LOHR AND HAEBERLI1/8/
HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/9/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/10/ WERE EVALUATED BY I1JIMA ET AL./11/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
5QE§METER IN THE ENERGY RANGE BELOW E-JOINT 1S DUE TO GRUPPELAAR

MT =1 OTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT = 4, 51 - 91 INELASTIC SCATTERING

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS BASED ON EVALUATED NUCLEAR
STRUCTURE DATA FILE (1987 VERSION)/13/ AND NUCLEAR DATA
SHEETS/14/.

NO. ENERGY (MEV) SPIN-PARITY

GR. 0.0 0 +

1 0.6348 2 4+

2 0.8538 0 +

3 1.2689 2 4+

4 1.3632 4 +



5 1.6000 2 4+
LEVELS ABOVE 1.658 MEV WERE ASSUMED TO BE OVERLAPPING.
MT = 102 CAPTURE

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI

AND REFF0/15/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.

THE GAMMA-RAY STRENGTH FUNCTION §4.30E—04 WAS ADJUSTED TO
REPRODUCE THE CAPTURE CROSS SECTION OF 198 MILLI-BARNS AT 25
KEV MEASURED BY SRIRAMACHANDRA ET AL./16/

MT = 16 N,2N) CROSS SECTION
MT = 22 N,N*"A) CROSS SECTION
MT = 28 N,N"P) CROSS SECTION
MT =103 N,P ROSS SECTION
MT =104 N,D) CROSS SECTION
MT =105 N,T) CROSS SECTION
MT =106 N,H 3& CROSS SECTION
MT =107 N,ALP A% CROSS SECTION
MT =111 N,ZP% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE PEGASUS.
THE KALBACH®S CONSTANT K (= 69.8) WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWAT®"S FORMALISM/17/ AND LEVEL
DENSITY PARAMETERS.
FINALLY, THE (N,P) AND &N ALPHAa CROSS SECTIONS WERE
NORMALIZED TO THE FOLLOWING VALUES AT 14.
N,PZ 135.00 MB (RECOMMENDED BY FORREST/18/
N,ALPHA) 34.80 MB (SYSTEMATICS OF FORREST/18/
MT = 251 MU-BAR
CALCULATED WITH CASTHY.
MF = 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUTIONS ARE
GIVEN IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRETE INELAS
TIC LEVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. THEY WERE
CALCULATED WITH CASTHY. FOR OTHER REACTIONS, ISOTROPIC DISTRI-
BUTIONS IN THE LABORATORY SYSTEM WERE ASSUMED.
MF = 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
NERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR

OTHER NEUTRON EMITTING REACTIONS.
TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS

DEPTH (MEV) RADIUS(FM) DIFFUSENESS (FM)
vV = 46.0—0.25E RO = 5.7 A0 = 0.62
WS = 7.0 RS = 2.2 AS = 0.35

VS0= 7.0 RSO .7 ASO= 0.62
THE FORM OF SURFACE ABSORPTION PART IS DER. WOODS-SAXON TYPE.
TABLE 2 LEVEL DENSITY PARAMETERS

NUCLIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING
32-GE- 70 * 1.236E+01 9.286E-01 1.710E+00 1.048E+01 2.860E+00
32-GE- 71 * 1.293E+01 9.155E-01 1.132E+01 9.208E+00 1.360E+00
32-GE- 72 * 1.350E+01 9.028E-01 3.062E+00 1.086E+01 2.790E+00
32-GE- 73 * 1.409E+01 8.904E-01 1.973E+01 9.644E+00 1.360E+00
33-AS- 71 * 1.254E+01 9.155E-01 7.299E+00 9.012E+00 1.500E+00
33-AS- 72 * 1.311E+01 9.028E-01 5.047E+01 7.739E+00 0.0
33-AS- 73 * 1.369E+01 8.904E-01 1.364E+01 9.389E+00 1.430E+00
33-AS- 74 1.132E+01 9.475E-01 1.967E+01 7.033E+00 0.0
34-SE- 72 * 1.272E+01 9.028E-01 1.477E+00 1.034E+01 2.930E+00
34-SE- 73 1.404E+01 8.250E-01 7.927E+00 8.288E+00 1.430E+00
34-SE- 74 1.290E+01 8.620E-01 1.070E+00 9.612E+00 2.860E+00
34-SE- 75 1.391E+01 8.500E-01 9.741E+00 8.707E+00 1.430E+00

SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.

SPIN CUTOFF PARAMETERS WERE CALCULATED AS 0.146*SQRT§A3*A**E2/3).
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT 0 MEV WER
ASSUMED TO BE 3.925 FOR SE- 74 AND 5.0 FOR SE- 75.
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MAT number = 3431

34-SE- 76 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90

HISTORY

90-03 WEg EX?LUATION FOR JENDL-3 WAS COMPLETED BY JNDC FPND

MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF = 2 RESONANCE PARAMETERS

MT=151 RESOLVED AND UNRESOLVED RESON PARAMETERS

ANCE
RESOLVED RESONANCE REGION (MLBW FORMULA% BELOW 9 KEV
RESONANCE PARAMETERS WERE BASED ON MUGHABGHAB ET AL./2/
AVERAGE RADIATION WIDTH GIVEN BY MUGHABGHAB ET AL. WAS
SLIGHTLY MODIFIED AND WAS ADOPTED FOR THE 16 RESONANCE LEVELS
WHOSE RADIATION WIDTH WAS UNKNOWN. NEUTRON ORBITAL ANGULAR
MOMENTUM L OF SOME RESONANCES WAS ESTIMATED WITH A METHOD OF
BOLLINGER AND THOMAS/3/. SCATTERING RADIUS WAS ALSO TAKEN
FROM MUGHABGHAB ET AL. A NEGATIVE RESONANCE WAS ADDED SO AS
TO REPRODUCE THE THERMAL CAPTURE AND SCATTERING CROSS SECTIONS
GIVEN BY MUGHABGHAB ET AL.
UNRESOLVED RESONANCE REGION : 9 KEV - 100 KEV
THE NEUTRON STRENGTH FUNCTIONS, SO AND S1 WERE BASED ON THE
COMPILATION OF MUGHABGHAB ET AL., AND S2 WAS CALCULATED WITH
OPTICAL MODEL CODE CASTHY/4/. THE OBSERVED LEVEL SPACING_WAS
DETERMINED TO REPRODUCE THE CAPTURE CROSS SECTION CALCULATED
WITH CASTHY. THE EFFECTIVE SCATTERING RADIUS WAS OBTAINED
FROM FITTING TO THE CALCULATED TOTAL CROSS SECTION AT 100 KEV.
THE RADIATION WIDTH GG WAS BASED ON THE COMPILATION OF
MUGHABGHAB ET AL
TYPICAL VALUES OF THE PARAMETERS AT 70 KEV:
SO = 1.640E-4, S1 = O.939E—4, S2 = 0.760E-4, SG = 1.90E-4,
GG = O 230 EV R = 7.363 FM.
CALCULATED 2200-M/S CROSS SECTIONS AND RES INTEGRALS (BARNS)
2200 M/S ES. INTEG.
TOTAL 103.4 -
ELASTIC 18.40 -
CAPTURE 85.00 41.1
MF = 3 NEUTRON CROSS SECTIONS
BELOW 100 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/5/ STANDING ON A PREEQUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN IN TABLE 1 WERE
DETERMINED TO REPRODUCE A SYSTEMATIC TREND OF THE TOTAL CROSS
SECTION BY CHANGING RO, RS AND RSO OF I11JIMA-KAWAI POTENTIAL/6/.
THE OMP*S FOR CHARGED PARTICLES ARE AS FOLLOWS:
PROTON = PEREY/7/
ALPHA = HUIZENGA AND 1G0/8/
DEUTERON = LOHR AND HAEBERLI1/9/
HELIUM-3 AND _TRITON = BECCHETTI AND GREENLEES/10/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/11/ WERE EVALUATED BY I1JIMA ET AL./12/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
EégﬁMETER IN THE ENERGY RANGE BELOW E-JOINT IS DUE TO GRUPPELAAR

MT =1 OTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT 4, 51 - 91 INELASTIC SCATTERING

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS BASED ON EVALUATED NUCLEAR
STRUCTURE DATA FILE (1987 VERSION)/14/ AND NUCLEAR DATA
SHEETS/15/.

NO. ENERGY (MEV) SPIN-PARITY

GR. 0.0 0 +

1 0.5591 2 4+

2 1.1223 0 +

3 1.2161 2 4+
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LEVELS ABOVE 2.96 V WERE ASS TO BE OVERLAPPING.
MT = 102 CAPTURE
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI
AND REFF0/16/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.
THE GAMMA-RAY STRENGTH FUNCTION (1.59E-04) WAS ASSUMED.
MT = 16 (N,2N) CROSS SECTION
MT = 17 (N.3N) CROSS SECTION
MT = 22 (N.N'A) CROSS SECTION
MT = 28 (N.N*P) CROSS SECTION
MT =103 (N.P) CROSS SECTION
MT =104 (N.D) CROSS SECTION
MT =105 (N.T) CROSS SECTION
MT =106 (N.H 3& CROSS SECTION
MT =107 (N.ALP A% CROSS SECTION
MT =111 (N ZP% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE PEGASUS.
THE KALBACH®S CONSTANT K (= 68.3) WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWAT"S FORMALISM/17/ AND LEVEL
DENSITY PARAMETERS.
FINALLY, THE (N,2N (N,P% AND (N,ALPHA) CROSS SECTIONS WERE
NORMALIZED TO THE FOLLOWING VALUES AT 14.5 MEV:
N, 2N) 900.00 MB (RECOMMENDED BY BYCHKOV+/18/)
N,PE 70.00 MB (RECOMMENDED BY FORREST/19/
N.ALPHA) 15.60 MB (SYSTEMATICS OF FORREST/19/
MT = 251 MU-BAR
CALCULATED WITH CASTHY.
MF = 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUTIONS ARE
GIVEN IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRETE INELAS
TIC LEVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. THEY WERE
CALCULATED WITH CASTHY. FOR OTHER REACTIONS, ISOTROPIC DISTRI-
BUTIONS IN THE LABORATORY SYSTEM WERE ASSUMED.
MF = 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR
OTHER NEUTRON EMITTING REACTIONS.
TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS
DEPTH (MEV) RADIUS(FM) DIFFUSENESS(FM)
V = 46.0-0.25E RO = 5.7 AO = 0.62
Ws = 7.0 RS = 6.2 AS = 0.35
S0= 7.0 RSO= 5.7 S0= 0.6



TABLE 2 LEVEL DENSITY PARAMETERS

NUCLIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING

32-GE- 72 * 1.350E+01 9.028E-01 3.062E+00 1.086E+01 2.790E+00

32-GE- 73 * 1.409E+01 8.904E-01 1.973E+01 9.644E+00 1.360E+00

32-GE- 74 * 1.384E+01 8.784E-01 1.667E+00 1.106E+01 3.240E+00

32-GE- 75 * 1.368E+01 8.667E-01 1.100E+01 8.810E+00 1.360E+00

33-AS- 73 * 1.369E+01 8.904E-01 1.364E+01 9.389E+00 1.430E+00

33-AS- 74 1.132E+01 9.475E-01 1.967E+01 7.033E+00 0.0

33-AS- 75 1.250E+01 9.510E-01 6.830E+00 1.008E+01 1.880E+00

33-AS- 76 1.330E+01 7.860E-01 1.900E+01 5.611E+00 0.0

34-SE- 74 1.290E+01 8.620E-01 1.070E+00 9.612E+00 2.860E+00

34-SE- 75 1.391E+01 8.500E-01 9.741E+00 8.707E+00 1.430E+00

34-SE- 76 1.315E+01 8.900E-01 1.097E+00 1.082E+01 3.310E+00

34-SE- 77 1.438E+01 8.000E-01 7.140E+00 8.015E+00 1.430E+00

SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.

SPIN CUTOFF PARAMETERS WERE CALCULATED AS 146*SQRT§A3*A**E2/3)

IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT WER

ASSUMED TO BE 6.780 FOR SE- 76 AND 6.517 FOR SE- 77.
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MAT number = 3434

34-SE- 77 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90

HISTORY

90-03 WEg E¥¢LUATION FOR JENDL-3 WAS COMPLETED BY JNDC FPND

MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF = 2 RESONANCE PARAMETERS
MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS
RESOLVED RESONANCE REGION (MLBW FORMULA% : BELOW 2.7 KEV
RESONANCE PARAMETERS WERE BASED ON MUGHABGHAB ET AL./2/ TOTAL
SPIN J OF SOME RESONANCES WAS TENTATIVELY ESTIMATED WITH A
RANDOM NUMBER METHOD. NEUTRON ORBITAL ANGULAR MOMENTUM L OF
SOME RESONANCES WAS ESTIMATED WITH A METHOD OF BOLLINGER AND
THOMAS/3/. AVERAGE RADIATION WIDTH OF 380 MEV WAS OBTAINED BY
TAKING THE WEIGHTED AVERAGE OF RADIATION WIDTHS FOR 17
RESONANCE LEVELS, AND WAS ADOPTED FOR THE LEVELS WHOSE
RADIATION WIDTH WAS UNKNOWN. SCATTERING RADIUS WAS ALSO TAKEN
FROM MUGHABGHAB ET AL. A NEGATIVE RESONANCE WAS ADDED SO AS
TO REPRODUCE THE THERMAL CAPTURE AND SCATTERING CROSS SECTIONS
GIVEN BY MUGHABGHAB ET AL.
UNRESOLVED RESONANCE REGION : 2.7 KEV - 100 KEV
THE NEUTRON STRENGTH FUNCTIONS, SO AND S1 WERE BASED ON THE
COMPILATION OF MUGHABGHAB ET AL., AND S2 WAS CALCULATED WITH
OPTICAL MODEL CODE CASTHY/4/. THE OBSERVED LEVEL SPACING WAS
DETERMINED TO REPRODUCE THE CAPTURE CROSS SECTION CALCULATED
WITH CASTHY. THE EFFECTIVE SCATTERING RADIUS WAS OBTAINED
FROM FITTING TO THE CALCULATED TOTAL CROSS SECTION AT 100 KEV.
THE RADIATION WIDTH GG WAS BASED ON THE COMPILATION OF
MUGHABGHAB ET AL.
TYPICAL VALUE S OF THE PARAMETERS AT 70 KEV:
SO0 = 1.280E- S1 = 0.760E-4, S2 = 0.740E-4, SG = 43.8E-4,
GG = 0.390 EV, R = 7.608 FM.
CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES. INTEG.
TOTAL 50.43 -
ELASTIC 8.430 -
CAPTURE 42.00 32.1
MF = 3 NEUTRON CROSS SECTIONS
BELOW 100 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/5/ STANDING ON A PREESUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN IN TABLE 1 WERE
DETERMINED TO REPRODUCE A SYSTEMATIC TREND OF THE TOTAL CROSS
SECTION BY CHANGING RO, RS AND RSO OF T1JIMA-KAWAI POTENTIAL/6/
THE OMP*S FOR CHARGED PARTICLES ARE AS FOLLOWS:
PROTON = PEREY/7/
ALPHA = HUIZENGA AND 1G0/8/
DEUTERON = LOHR AND HAEBERLI1/9/
HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/10/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/11/ WERE EVALUATED BY I11JIMA ET AL./12/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
5QE§METER IN THE ENERGY RANGE BELOW E-JOINT 1S DUE TO GRUPPELAAR

MT = 1 TOTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT 51 - 91 INELASTIC SCATTERING
CAL_OPTICAL AND STATISTICAL MODEL CALCULATION WAS
THE LEVEL SCHEME WAS BASED ON EVALUATED NUCLEAR

?E/DATA FILE (1987 VERSION)/14/ AND NUCLEAR DATA
NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 1/2 -

1 0.1620 7/2 +
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N, ALPHAa CROSS SECTIONS WERE
ALIZED TO THE FOLLO ING VALUES AT 14.5 MEV:
E ERECOMMENDED BY FORREST/lS/g

N,AEPHA) 10 10 SYSTEMATICS OF FORREST/18/

MU-BAR
CALCULATED WITH CASTHY.

NEUT

LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULA
IN THE CENTER-OF-MASS SYSTEM FOR MT=2 A

S, AND IN THE LABORATORY SYSTEM FO
H CASTHY. FOR OTHER REACTIONS,
LABORATORY SYSTEM WERE ASSUMED.

STRIBUTIONS OF SECONDARY NEUTRONS

TIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
LASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR
MITTING REACTIONS.

UTRON OPTICAL POTENTIAL PARAMETERS
DEPTH (MEV) RADIUS(FM) DIFFUSENESS(FM)

V. = 46.0-0.25E RO = 5.7 A0 = 0.62
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WS 7.0 RS =

VS0= 7.0 RSO=

THE FORM OF SURFACE ABSORPTION PART 1
TABLE 2 LEVEL DENSITY PARAMETERS

AS 0.35
AS 0.62
ER. WOODS-SAXON TYPE.

NUCLIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING

32-GE- 73 * 1.409E+01 8.904E-01 1.973E+01 9.644E+00 1.360E+00

32-GE- 74 * 1.384E+01 8.784E-01 1.667E+00 1.106E+01 3.240E+00

32-GE- 75 * 1.368E+01 8.667E-01 1.100E+01 8.810E+00 1.360E+00

32-GE- 76 * 1.352E+01 8.553E-01 1.533E+00 9.919E+00 2.830E+00

33-AS- 74 1.132E+01 9.475E-01 1.967E+01 7.033E+00 0.0

33-AS- 75 1.250E+01 9.510E-01 6.830E+00 1.008E+01 1.880E+00

33-AS- 76 1.330E+01 7.860E-01 1.900E+01 5.611E+00 0.0

33-AS- 77 1.300E+01 8.440E-01 4.637E+00 7.951E+00 1.470E+00

34-SE- 75 1.391E+01 8.500E-01 9.741E+00 8.707E+00 1.430E+00

34-SE- 76 1.315E+01 8.900E-01 1.097E+00 1.082E+01 3.310E+00

34-SE- 77 1.438E+01 8.000E-01 7.140E+00 8.015E+00 1.430E+00

34-SE- 78 1.287E+01 8.750E-01 1.163E+00 9.882E+00 2.900E+00

SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.

SPIN CUTOFF PARAMETERS WERE CALCULATED AS 0.146*SQRT§A3*A**E2/3).

IN THE CASTHY CALCULATION, SPIN CUTOFF_FACTORS AT 0 NEV WER

ASSUMED TO BE 6.517 FOR SE- 77 AND 4.875 FOR SE- 78

REFERENCES
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PART A", ACADEMIC PRESS (1981).
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17) KIKUCHI, K. AND KAWAI, M.: "NUCLEAR MATTER AND NUCLEAR
REACTIONS", NORTH HOLLAND 51968g.
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MAT number = 3437

34-SE- 78 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90

HISTORY

90-03 WEg EX?LUATION FOR JENDL-3 WAS COMPLETED BY JNDC FPND

MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF = 2 RESONANCE PARAMETERS
MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS
RESOLVED RESONANCE REGION (MLBW FORMU LA% BELOW 12 KEV
RESONANCE PARAMETERS WERE BASED ON MUGHABGHAB ET AL./2/
NEUTRON ORBITAL ANGULAR MOMENTUM L OF SOME RESONANCES WAS
ESTIMATED WITH A METHOD OF BOLLINGER AND THOMAS/3/. AVERAGE
RADIATION WIDTH WAS OBTAINED BY TAKING THE WEIGHTED AVERAGE OF
RADIATION WIDTHS FOR FOUR RESONANCE LEVELS, AND WAS ADOPTED
FOR THE 16 LEVELS WHOSE RADIATION WIDTH WAS UNKNOWN. SCATTE-
RING RADIUS WAS ALSO TAKEN FROM MUGHABGHAB ET AL. A NEGATIVE
RESONANCE WAS ADDED SO AS TO REPRODUCE THE THERMAL CAPTURE AND
SCATTERING CROSS SECTIONS GIVEN BY MUGHABGHAB ET AL.
UNRESOLVED RESONANCE REGION : 12 KEV - 100 KEV
THE NEUTRON STRENGTH FUNCTIONS, SO AND S1 WERE BASED ON THE
COMPILATION OF MUGHABGHAB ET AL., AND S2 WAS CALCULATED WITH
OPTICAL MODEL CODE CASTHY/4/. THE OBSERVED LEVEL SPACING WERE
DETERMINED TO REPRODUCE THE CAPTURE CROSS SECTION CALCULATED
WITH CASTHY. THE EFFECTIVE SCATTERING RADIUS WAS OBTAINED
FROM FITTING TO THE CALCULATED TOTAL CROSS SECTION AT 100 KEV.
THE RADIATION WIDTH GG WAS BASED ON THE COMPILATION OF
MUGHABGHAB ET AL
TYPICAL VALUES OF THE PARAMETERS AT 70 KEV:
SO = 1.230E-4, S1 = 1.730E-4, S2 = 0.730E-4, SG = 1.82E-4,
GG = 0.230 EV, R = 7.274 FM.
CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES. INTEG.
TOTAL 8.830
ELASTIC 8.400 -
CAPTURE 0.4300 4.74
MF = 3 NEUTRON CROSS SECTIONS
BELOW 100 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY/4/, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/5/ STANDING ON A PREEQUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN IN TABLE 1 WERE
DETERMINED TO REPRODUCE A SYSTEMATIC TREND OF THE TOTAL CROSS
SECTION BY CHANGING RO, RS AND RSO OF I11JIMA-KAWAI POTENTIAL/6/.
THE OMP*S FOR CHARGED PARTICLES ARE AS FOLLOWS:
PROTON = PEREY/7/
ALPHA = HUIZENGA AND 1G0/8/
DEUTERON = LOHR AND HAEBERLI1/9/
HELIUM-3 AND _TRITON = BECCHETTI AND GREENLEES/10/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/11/ WERE EVALUATED BY I1JIMA ET AL./12/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
EégﬁMETER IN THE ENERGY RANGE BELOW E-JOINT IS DUE TO GRUPPELAAR

MT =1 OTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT 4, 51 - 91 INELASTIC SCATTERING

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS BASED ON EVALUATED NUCLEAR
STRUCTURE DATA FILE (1987 VERSION)/14/ AND NUCLEAR DATA
SHEETS/15/.

NO. ENERGY (MEV) SPIN-PARITY

GR. 0.0 0 +

1 0.6138 2 4+

2 1.3086 2 4+

3 1.4986 0 +
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2 .
LEVELS ABOVE 2.74 V WERE ASSUMED TO BE OVERLAPPING.

MT = 102 CAPTURE
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI
AND REFF0/16/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.
THE GAMMA-RAY STRENGTH FUNCTION 1.655E—04g WAS DETERMINED
FROM THE RADIATION WIDTH (0.23 EV) AND AVERAGE S-WAVE
RESONANCE LEVEL SPACING (1390+-500 EV)/2/.
MT = 16 (N,2N) CROSS SECTION
MT = 17 (N.3N) CROSS SECTION
MT = 22 (N.N'A) CROSS SECTION
MT = 28 (N.N*P) CROSS SECTION
MT =103 (N.P) CROSS SECTION
MT =104 (N.D) CROSS SECTION
MT =105 (N.T) CROSS SECTION
MT =107 (N.A PHA% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE PEGASUS.
THE KALBACH®S CONSTANT K g: 78.0) WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWAT"S FORMALISM/17/ AND LEVEL
DENSITY PARAMETERS.
FINALLY, THE (N,2N ,P& AND SN ALPHA) CROSS _SECTIONS WERE
NORMALIZED TO THE FOLLOWING VAL
N, 2N) 1050.00 MB RECOMMENDED BY BYCHKOV+/18/)
N,PE 18.00 MB (RECOMMENDED BY FORREST/19/)
N.ALPHA) 5.50 MB (RECOMMENDED BY FORREST)
MT = 251 MU-BAR
CALCULATED WITH CASTHY.
MF = 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUTIONS ARE
GIVEN IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRETE INELAS
TIC LEVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. THEY WERE
CALCULATED WITH CASTHY. FOR OTHER REACTIONS, ISOTROPIC DISTRI-
BUTIONS IN THE LABORATORY SYSTEM WERE ASSUMED.
MF = 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR
OTHER NEUTRON EMITTING REACTIONS.
TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS
DEPTH (MEV) RADIUS(FM) DIFFUSENESS(FM)
R 46 0-0.25E RO = 5.7 AO = 0.62
Ws = RS = 6.% Ag = 0.25

VS0= 7.0 RSO= 5. 0= 0
THE FORM OF SURFACE ABSORPTION PART IS DER. WOODS-SAXON TYPE.
TABLE 2 LEVEL DENSITY PARAMETERS
NUCLIDE SYST A(1/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING

32-GE- 74 * 1.384E+01 8.784E-01 1.667E+00 1.106E+01 3.240E+00
32-GE- 75 * 1.368E+01 8.667E-01 1.100E+01 8.810E+00 1.360E+00
32-GE- 76 * 1.352E+01 8.553E-01 1.533E+00 9.919E+00 2.830E+00
32-GE- 77 * 1.334E+01 8.442E-01 6.660E+00 8.098E+00 1.360E+00



33-AS- 75 1.250E+01 9.510E-01 6.830E+00 1.008E+01 1.880E+00

33-AS- 76 1.330E+01 7.860E-01 1.900E+01 5.611E+00 0.0

33-AS- 77 1.300E+01 8.440E-01 4.637E+00 7.951E+00 1.470E+00

33-AS- 78 1.150E+01 7.500E-01 5.001E+00 3.894E+00 0.0

34-SE- 76 1.315E+01 8.900E-01 1.097E+00 1.082E+01 3.310E+00

34-SE- 77 1.438E+01 8.000E-01 7.140E+00 8.015E+00 1.430E+00

34-SE- 78 1.287E+01 8.750E-01 1.163E+00 9.882E+00 2.900E+00

34-SE- 79 1.412E+01 8.000E-01 5.994E+00 7.842E+00 1.430E+00

SYST * = LDP"S WERE DETERMINED FROM SYSTEMATICS.

SPIN CUTOFF PARAMETERS WERE CALCULATED AS 146*SQRT§A3*A**E2/3)

IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT WER

ASSUMED TO BE 4.875 FOR SE- 78 AND 4.672 FOR SE- 79.
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MAT number = 3440

34-SE- 79 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90

HISTORY

90-03 WEg EX?LUATION FOR JENDL-3 WAS COMPLETED BY JNDC FPND

MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF = 2 RESONANCE PARAMETERS
MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS
NO RESOLVED RESONANCE PARAMETERS

UNRESOLVED RESONANCE REGION : 38 EV - 100 KEV
THE NEUTRON STRENGTH FUNCTIONS, SO AND S2 WERE CALCULATED WITH
OPTICAL MODEL CODE CASTHY/2/, AND S1 WAS BASED ON THE
SYSTEMATICS OF MUGHABGHAB ET AL./3/ THE OBSERVED LEVEL SPACING
WAS DETERMINED TO REPRODUCE THE CAPTURE CROSS SECTION
CALCULATED WITH CASTHY. THE EFFECTIVE SCATTERING RADIUS WAS
OBTAINED FROM FITTING TO THE CALCULATED TOTAL CROSS SECTION AT
100 KEV. THE RADIATION WIDTH WAS ESTIMATED FROM ITS
SYSTEMATICS.

TYPICAL VALUES OF THE PARAMETERS AT 70 KEV:
SO = 0.580E-4, S1 = 1.700E-4, S2 = 0.720E-4, SG = 4.40E-4,
GG = 0.290 EV, R = 7.553 FM.

CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES. INTEG.

TOTAL 56.30 -
ELASTIC 6.300 -
CAPTURE 50.00 60.9

MF = 3 NEUTRON CROSS SECTIONS

BELOW 38 EV, THE CAPTURE AND ELASTIC SCATTERING CROSS SECTIONS
WERE ASSUMED TO BE IN 1/V FORM AND CONSTANT, RESPECTIVELY. THE
THERMAL CAPTURE CROSS SECTION WAS DETERMINED BY THE SYSTEMATICS
FROM _THE NEIGHBORING SE ISOTOPES. THE SCATTERING CROSS SECTION
WAS ESTIMATED BY ASSUMING R = 7.1 FM. UNRESOLVED RESONANCE
PARAMETERS WERE GIVEN IN THE ENERGY RANGE FROM 38 EV TO 100 KEV.
ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/4/ STANDING ON A PREEQUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN IN TABLE 1 WERE
DETERMINED TO REPRODUCE A SYSTEMATIC TREND OF THE TOTAL CROSS
SECTION BY CHANGING RO, RS AND RSO OF IT1JIMA-KAWAI POTENTIAL/5/.
THE OMP*S FOR CHARGED PARTICLES ARE AS FOLLOWS:

PROTON = PEREY/6/

ALPHA = HUIZENGA AND 1G0/7/

DEUTERON = LOHR AND HAEBERLI1/8/

HELIUM-3 AND_TRITON = BECCHETTI AND GREENLEES/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/10/ WERE EVALUATED BY I1JIMA ET AL./11/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
EégéMETER IN THE ENERGY RANGE BELOW E-JOINT 1S DUE TO GRUPPELAAR

MT =1 OTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT = 4, 51 - 91 INELASTIC SCATTERING
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS BASED ON EVALUATED NUCLEAR
STRUCTURE DATA FILE (1987 VERSION)/13/.

NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 7/2 +

1 0.0957 1/2 -

2 0.1280 1/2 -

3 0.1370 9/2 +

4 0.3650 5/2 -

5 0.4990 1/2 -

6 0.5279 3/2 -

7 0.5720 3/2 -
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. 3
6 WERE ASSUMED TO BE OVERLAPPING.

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI

AND REFFO0/14/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.

THE GAMMA-RAY STRENGTH FUNCTION 3.82E—03E WAS DETERMINED FROM
THE SYSTEMATICS OF RADIATION WIDTH EO.ZQ V) AND THE AVERAGE
S-WAVE RESONANCE LEVEL SPACING (76 EV) CALCULATED FROM THE

LEVEL DENSITY PARAMETERS.

MT = 16 N,2N) CROSS SECTION

MT = 17 N,3N) CROSS SECTION

MT = 22 N,N*A) CROSS SECTION

MT = 28 N,N*"P) CROSS SECTION

MT = 32 N,N*D) CROSS SECTION

MT =103 N,P) CROSS SECTION

MT =104 N,D) CROSS SECTION

MT =105 N,T) CROSS SECTION

MT =106 N,H 3& CROSS SECTION

MT =107 N,ALP A% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE PEGASUS.
THE KALBACH®S

CONSTANT K (= 96.0% WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWA
DENSITY PARAMETERS.

FINALLY, THE (N,P) AND &N ALPHAa CROSS SECTIONS WERE
NO RMALIZED TO THE FOLLO ING VALUES AT 14.
MB (SYSTEMATICS OF FORREST/16/)
N A PHA) 9 93 MB (SYSTEMATICS OF FORREST)

MT = 251 MU-BAR
CALCULATED WITH CASTHY.

4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

DRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUT
IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRE

EVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. T

hA OPI

*S FORMALISM/15/ AND LEVEL

MF

TED WITH CASTHY. FOR OTHER REACTIONS, ISOTR
S IN THE LABORATORY SYSTEM WERE ASSUMED.

= 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CA
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LE
OTHER NEUTRON EMITTING REACTIONS.

TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS
DEPTH (MEV) RADIUS(FM) DIFFUSENESS (FM)

46.0-0.25E RO
7.0

MF

<r

VS .0 RSO= 5. ASO= 0.
THE FORM OF SURFACE ABSORPTION PART IS DER. WOODS- SAXON TYPE.
TABLE 2 LEVEL DENSITY PARAMETERS



NUCLIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING
32-GE- 75 * 1.368E+01 8.667E-01 1.100E+01 8.810E+00 1.360E+00
32-GE- 76 * 1.352E+01 8.553E-01 1.533E+00 9.919E+00 2.830E+00
32-GE- 77 * 1.334E+01 8.442E-01 6.660E+00 8.098E+00 1.360E+00
32-GE- 78 1.234E+01 8.699E-01 7.304E-01 9.395E+00 2.930E+00
33-AS- 76 1.330E+01 7.860E-01 1.900E+01 5.611E+00 0.0
33-AS- 77 1.300E+01 8.440E-01 4.637E+00 7.951E+00 1.470E+00
33-AS- 78 1.150E+01 7.500E-01 5.001E+00 3.894E+00 0.

33-AS- 79 1.290E+01 8.230E-01 3.020E+00 7.585E+00 1.570E+00
34-SE- 77 1.438E+01 8.000E-01 7.140E+00 8.015E+00 1.430E+00
34-SE- 78 1.287E+01 8.750E-01 1.163E+00 9.882E+00 2.900E+00
34-SE- 79 1.412E+01 8.000E-01 5.994E+00 7.842E+00 1.430E+00
34-SE- 80 1.334E+01 8.130E-01 6.129E-01 9.136E+00 3.000E+00

SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.

SPIN CUTOFF PARAMETERS WERE CALCULATED AS 146*SQRT§A3*A**E2/3)
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT
ASSUMED TO BE 4.672 FOR SE- 79 AND 2.952 FOR SE- 80
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REACTIONS™, NORTH HOLLAND 51968g'

16) FORREST, R.A AERE-R 12419 (1986)
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*kkkx MODIFIED PARTS FOR JENDL_3-2 kkhkkhkkhkhkkhkkkhkhkkhkhkkhkhkkihkkikxki*k
(2,151) UPPER BOUNDARY ENERGY CHANGED
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= 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

= 2 RESONANCE PARAMETERS

MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS

RESOLVED RESONANCE REGION EMLBW FORMULA% : BELOW 10 KEV
RESONANCE PARAMETERS WERE BASED ON MUGHABGHAB ET AL./2/
TOTAL SPIN J OF SOME RESONANCES WAS TENTATIVELY ESTIMATED WITH
A RANDOM NUMBER METHOD. AVERAGE RADIATION WIDTH OF 220 MEV
WAS OBTA D BY TAKING THE WEIGHTED AVERAGE OF RADIATION

HE TWO LEVELS, AND WAS ADOPTED FOR THE 13 LEVELS

ION WIDTH WAS UNKNOWN. SCATTERING RADIUS WAS

UGHABGHAB ET AL. A NEGATIVE RESONANCE WAS ADDED

RODUCE THE THERMAL CAPTURE AND SCATTERING CROSS

EN BY MUGHABGHAB ET AL.

ON

UNRESOLVED RESONANCE REGION : 10 KEV - 100 KEV
NEUTRON STRENGTH FUN
GHABGHAB ET AL., AN
GHAB ET AL., AND S
ASTHY/3/. THE OBS
UCE THE CAPTURE CROSS SECTION CALCULATED WITH CASTHY.

FECTIVE SCATTERING RADIUS WAS OBTAINED FROM FITTING _TO
LCULATED TOTAL CROSS SECTION AT 100 KEV. THE RADIATION
GG WAS BASED ON THE COMPILATION OF MUGHABGHAB ET AL.

L VALUES OF THE PARAMETERS AT 70 KEV:
1.610E-4, S1 1.800E-4, S2 = 0.700E-4, SG = 0.488E-4,
0.230 EV, R 6.989 FM.

CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES. INTEG.

TOTAL 7.560
ELASTIC .
CAPTURE

6

0
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MT =1 OTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT = 4, 51 - 91 INELASTIC SCATTERING
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS BASED ON EVALUATED NUCLEAR
g;EE%gyTE/DATA FILE (1987 VERSION)/13/ AND NUCLEAR DATA



TA

NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 0 +
1 0.6662 2 4+
2 1.4493 2 4+
3 1.4791 0 +
4 1.7015 4 +
5 1.8734 0 +
6 1.9602 2 4+
7 2.1211 4 +
8 2.3115 1 -
9 2.3441 1 -
10 2.4953 2 4+
11 2.5143 2 4+
12 2.6272 0 +
13 2.7174 3 -
14 2.7743 1 -
15 2.8142 2 4+
16 2.8255 3 -
17 2.8272 2 4+
18 2.8363 1 -
19 2.9475 4 +
20 3.0250 1 -
21 3.0387 1 -
22 3.1262 2 4+
23 3.1754 1 -
24 3.1995 2 4+
25 3.2266 1+
26 3.2485 2 4+
27 3.2804 1 -
28 3.3166 0 +
29 3.3504 1 +
LEVELS ABOVE 3.391 MEV WERE ASSUMED TO BE OVERLAPPING.

MT 102 CAPTURE

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI
AND REFF0/15/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.
THE GAMMA-RAY STRENGTH FUNCTION E4.66E—5) WAS ADJUSTED TO
REPRODUCE THE CAPTURE CROSS SECTION OF 16 MILLI-BARNS AT 200
KEV MEASURED BY WALTER/16/
MT = 16 N,2N) CROSS SECTION
MT = 17 N,3N) CROSS SECTION
MT = 22 N,N*A) CROSS SECTION
MT = 28 N,N"P) CROSS SECTION
MT =103 N,P ROSS SECTION
MT =104 N,D) CROSS SECTION
MT =105 N,T) CROSS SECTION
MT =107 N,A PHA% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE PEGASUS.
THE KALBACH®S CONSTANT g .4) WAS ESTIMATED BY THE
FORMULA DERIVE FROM KIKU HI—KAWAI FORMALISM/17/ AND LEVEL
DENSITY PARAMETERS.
FINALLY, THE (N,P) AND &N,ALPHA& CROSS SECTIONS WERE
NORMALIZED TO THE FOLLO ING VALUES AT 14.5 ME
N,PE MB (RECOMMENDED BY FORREST/18/)
N,ALPHA) 17 OO MB (RECOMMENDED BY FORREST)
MT = 251 MU-BAR
CALCULATED WITH CASTHY/3/.
= 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUTIONS ARE
GIVEN IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRETE INELAS
TIC LEVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. THEY WERE
CALCULATED WITH CASTHY. FOR OTHER REACTIONS, ISOTROPIC DISTRI-
BUTIONS IN THE LABORATORY SYSTEM WERE ASSUMED.
= 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR

OTHER NEUTRON EMITTING REACTIONS.
BLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS
DEPTH (MEV) RADIUS(FM) DIFFUSENESS (FM)



vV = 46.0—0.25E RO = 5.7 A0 = 0.62
WS = 7.0 RS = 6.2 AS = 0.35
VS0= 7.0 RSO= 5.7 ASO= 0.62
THE FORM OF SURFACE ABSORPTION PART IS DER. WOODS-SAXON TYPE.

TABLE 2 LEVEL DENSITY PARAMETERS
NUCLIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING

32-GE- 76 * 1.352E+01 8.553E-01 1.533E+00 9.919E+00 2.830E+00
32-GE- 77 * 1.334E+01 8.442E-01 6.660E+00 8.098E+00 1.360E+00
32-GE- 78 1.234E+01 8.699E-01 7.304E-01 9.395E+00 2.930E+00
32-GE- 79 1.362E+01 7.523E-01 2.737E+00 6.567E+00 1.360E+00
33-AS- 77 1.300E+01 8.440E-01 4.637E+00 7.951E+00 1.470E+00
33-AS- 78 1.150E+01 7.500E-01 5.001E+00 3.894E+00 0.0

33-AS- 79 1.290E+01 8.230E-01 3.020E+00 7.585E+00 1.570E+00
33-AS- 80 1.150E+01 7.250E-01 4.181E+00 3.535E+00 0.0

34-SE- 78 1.287E+01 8.750E-01 1.163E+00 9.882E+00 2.900E+00
34-SE- 79 1.412E+01 8.000E-01 5.994E+00 7.842E+00 1.430E+00
34-SE- 80 1.334E+01 8.130E-01 6.129E-01 9.136E+00 3.000E+00
34-SE- 81 1.368E+01 7.490E-01 2.463E+00 6.614E+00 1.430E+00

SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.

SPIN CUTOFF PARAMETERS WERE CALCULATED AS 0.146*SQRT§A3*A**E2/3).
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT 0 MEV WER
ASSUMED TO BE 2.952 FOR SE- 80 AND 5.0 FOR SE- 81.
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90-03 WEg E¥¢LUATION FOR JENDL-3 WAS COMPLETED BY JNDC FPND

MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF 2 ESONANCE PARAMETERS

ESOLVED AND UNRESOLVED RESONANCE PARAMETERS

RESONANCE REGION (MLBW FORMU LAE BELOW 18 KEV

E ENERGIES WERE BASED ON THE EXPERIMENTAL DATA BY

D BERMAN/2/. THE VALUES OF NEUTRON ORBITAL ANGULA
L AND TOTAL SPIN J WERE ASSUMED TO BE 0 AND 0.5 FOR
NCE LEVELS, RESPECTIVELY.

UTRON WIDTH OF EACH RESONANCE LEVEL WAS ROUGHLY
N THE BASIS OF THE DESCRIPTION FOR RESONANCE
IVEN BY BROWNE AND BERMAN, AND OF THE REDUCED
HS GIVEN BY MUGHABGHAB ET AL./3/ IN THE FIRST
0
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RE

G

T

T, THERMAL SCATTERING CROSS SECTION WAS CALCULATED
OUGHLY ESTIMATED REDUCED NEUTRON WIDTHS, AND A

ON FACTOR WAS OBTAINED SO AS TO REPRODUGE THE

L DATA OF 5.0+-0.2 BARNS GIVEN BY MUGHABGHAB ET AL.
EUTRON WIDTHS WERE DETERMINED BY USéNg THIS
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LUES OF THE PARAMETERS AT 70 KEV:

L V
.210E-4, S1 = 2.100E-4, S2 = 0.680E-4, SG = 0.572E-4,
O 190 EV, R = 7.074 FM.

CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES INTEG.
TOTAL 5.044
ELASTIC .
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MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).
MT = 4, 51 - 91 INELASTIC SCATTERING
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS BASED ON EVALUATED NUCLEAR
STRUCTURE DATA FILE (1987 VERSION)/14/ AND NUCLEAR DATA
SHEETS/15/.
NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 0 +
1 0.6548 2 4+
2 1.4200 0 +
3 1.7312 2 4+
4 1.7354 4 +
5 2.5508 3 o+
6 2.8942 5 -
LEVELS ABOVE 3.015 MEV WERE ASSUMED TO BE OVERLAPPING.

MT = 102 CAPTURE
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI
AND REFF0/16/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.
THE GAMMA-RAY STRENGTH FUNCTION 55 46E- 058 WAS ADJUSTED TO
REPRODUCE THE CAPTURE CROSS SECTION OF 0.045 BARN AT 25 KEV
WHICH WAS A SOMEWHAT LARGER VALUE THAN A META-STABLE STATE
PRODUCTION CROSS SECTION OF 0.045 BARN AT 24 KEV MEASURED BY
CHAUBEY AND SEHGAL/17/
MT = 16 N,2N) CROSS SECTION
MT = 17 N,3N) CROSS SECTION
MT = 22 N,N*A) CROSS SECTION
MT = 28 N,N*P) CROSS SECTION
MT =103 N,P ROSS SECTION
MT =104 N,D) CROSS SECTION
MT =105 N,T) CROSS SECTION
MT =107 N,A PHA% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE PEGASUS.
THE KALBACH™S CONSTANT K (= 96.6% WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWAT"S FORMALISM/18/ AND LEVEL
DENSITY PARAMETERS.
FINALLY, THE (N,ZNE AND g CROSS SECTIONS WERE
NORMALIZED TO THE FOLLOW ALUES AT 14.5
éN,ZN) 1100.00 MB EMEASURED BY FREHAUT+/19/%
N,P) 2.40 MB (SYSTEMATICS OF FORREST/20/)
MT = 251 MU-BAR
CALCULATED WITH CASTHY.
MF = 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUTIONS ARE
GIVEN IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRETE INELAS
TIC LEVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. THEY WERE
CALCULATED WITH CASTHY. FOR OTHER REACTIONS, ISOTROPIC DISTRI-
BUTIONS IN THE LABORATORY SYSTEM WERE ASSUMED.
MF =5 ERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY ISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR
OTHER NEUTRON EMITTING REACTIONS.
TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS
DEPTH (MEV) RADIUS(FM) DIFFUSENESS (FM)
vV = 46 0-0.25E RO = 5.7 A0 = 0.62
WS = RS = 6.% AS = 0.%5

VS0= 7.0 RSO= 5. ASO= 0
THE FORN OF SURFACE ABSORPTION PART 13 DER. WOODS-SAXON TYPE.
TABLE 2 LEVEL DENSITY PARAMETERS
NUCLIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING

32-GE- 78 1.234E+01 8.699E-01 7.304E-01 9.395E+00 2.930E+00
32-GE- 79 1.362E+01 7.523E-01 2.737E+00 6.567E+00 1.360E+00
32-GE- 80 * 1.277E+01 8.125E-01 5.273E-01 8.551E+00 2.820E+00



32-GE- 81 * 1.255E+01 8.025E-01 2.496E+00 6.770E+00 1.360E+00
33-AS- 79 1.290E+01 8.230E-01 3.020E+00 7.585E+00 1.570E+00
33-AS- 80 1.150E+01 7.250E-01 4.181E+00 3.535E+00 0.0
33-AS- 81 * 1.293E+01 8.025E-01 2.772E+00 7.120E+00 1.460E+00
33-AS- 82 * 1.271E+01 7.927E-01 1.371E+01 5.344E+00 0.0
34-SE- 80 1.334E+01 8.130E-01 6.129E-01 9.136E+00 3.000E+00
34-SE- 81 1.368E+01 7.490E-01 2.463E+00 6.614E+00 1.430E+00
34-SE- 82 1.259E+01 7.980E-01 3.563E-01 8.246E+00 2.890E+00
34-SE- 83 1.381E+01 7.500E-01 2.666E+00 6.708E+00 1.430E+00
SYST * = LDP"S WERE DETERMINED FROM SYSTEMATICS.
SPIN CUTOFF PARAMETERS WERE CALCULATED AS 146*SQRT&A3*A**E2/3).
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT WER
ASSUMED TO BE 6.291 FOR SE- 82 AND 5.0 FOR SE- 83.

REFERENCES
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6 I{gég?, S. AND KAWAI, M.: J. NUCL. SCI. TE HNOL., 20, 77
7 SEREY, F.G: PHYS. REV. 131, 745 (1963%.
8) HUIZENGA, J.R. AND 1GO, G.: NUCL. PHYS. 29, 462 §1962g
9) LOHR, J.M. AND HAEBERLI, W.: NUCL. PHYS. A232, f 74)
10) BECCHETTI, F.D., JR. AND GREENLEES, G.W.: POLARIZAT ON
PHENOMENA "IN NUCLEAR REACTIONS §§EDS) H.H. BARSHALL AND
WiggéEBERLI), 682, THE UNIVERSITY OF WISCONSIN PRESS.
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14) ENSDF: EVALUATED NUCLEAR STR CTURE DATA FILE (JUNE 1987).
15) NUCLEAR DATA SHEETS, 50, 1 (1987
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REACTIONS™, NORTH HOLLAND (196 E
19) FREHAUT, J., ET AL SYMP. NEUTRON CROSS SECTIONS FROM
10-50MEV, BNL, P.399 (1980
20) FORREST, R.A.: AERE—R 12419 (1986).



MAT number = 3525

35-BR- 79 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-SEP90 REV2-MAR93

HISTORY

90-03 NEW EVALUATION FOR JENDL-3 WAS COMPLETED BY JNDC FPND

93

W.G./1
-03 JENDL-3.2 WAS MADE BY JNDC FPND W.G.

*kkkx MODIFIED PARTS FOR JENDL_3 2 kkhkkhkkkhkhkkhkhkkhkhkkhkhkkhkhkkihkkikki*k

(2,151) UNRESOLVED RESONANCE PARAMETERS RE-ADJUSTED
SO AS TO REPRODUCE THE RE-NORMALIZED CAPTURE
CROSS SECTION.

3,102) RE-NORMALIZED.

3 4) (3,51-91) AND ANGULAR DISTRIBUTIONS
SMALL EFFECTS OF THE RE-NORMALIZATION OF THE
CAPTURE CROSS SECTION.
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MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY
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IN CASES WHERE ONLY NEUTRON CAPTURE AREA BY MACKLIN WAS
AILABLE, OR G*(NEUTRON WIDTH) BY OHKUBO ET AL. WAS SMALLER
AN NEUTRON CAPTURE AREA BY MACKLIN, THE AVERAGE RADIATION
DTH OF 308 MEV GIVEN BY MACKLIN WAS ADOPTED FOR THE LEVEL.
E NEUTRON WIDTH WAS DERIVED FROM THIS AVERAGE RADIATION
DTH AND THE NEUTRON CAPTURE AREA. IN ADDITION, IF THE VALUE

G*(AVERAGED RADIATION WIDTH) WAS SMALLER THAN NEUTRON
PTURE AREA FOR SOME RESONANCE LEVELS, THE AVERAGE RADIATION
DTH WAS INCREASED DEPENDING TO THE VALUE OF NEUTRON CAPTURE
EA, SO AS TO SATISEY THE FOLLOWING CONDITION :

G*(AVERAGE RADIATION WIDTH) > NEUTRON CAPTURE AREA.

TOTAL SPIN J OF SOME RESONANCES WAS TENTATIVELY ESTIMATED WITH
A RANDOM NUMBER METHOD. NEUTRON ORBITAL ANGULAR MOMENTUM L
WAS ASSUMED TO BE O FOR ALL RESONANCE LEVELS. SCATTERING
RADIUS WAS TAKEN FROM THE GRAPH (FIG. 1, PART A) GIVEN BY
MUGHABGHAB ET AL./4/ A NEGATIVE RESONANCE WAS ADDED SO AS TO
REPRODUCE THE THERMAL CAPTURE CROSS SECTION GIVEN BY
MUGHABGHAB ET AL.

T=0O0=—A=—>WwW UOZTON O0N=Z=F TI=00IW!mIll

5 KEV - 100 KEV

0 AND S2 WERE CALCULATED
WITH OPTICAL MODEL CODE CAST , AND S1 WAS BASED ON
HE SYSTEMATICS OF MUGHABGHA AL. THE OBSERVED LEVEL

ACING_WAS DETERMINED TO_REP CE THE CAPTURE CROSS
CULATED WITH CASTHY. THE EFFECTIVE SCATTERING R
AINED FROM FITTING TO THE CALCULATED TOTAL CROSS
KEV. THE RADIATION WIDTH WAS BASED ON THE COMP

ABGHAB ET AL..

H
AL VALUES OF THE PARAMETERS AT 70 KEV:
= 0.580E-4, S1 1.700E-4, S2 = 0.720E-4, SG = 95.4E-4,
= 0.293 EV, R 7.555 FM.

- 5.5 K
THE NEUTRON STRENGTH FUNCTIONS, S
HY/5/
B ET
RODU

OWNWT =0 0O0nm
cCOoOw>»T
O oo

OO =

CROSS SECTIONS AND RES. INTEGRALS (BARNS)
200 _M/S RES. INTEG.
4.27 -

ELASTIC 3.269 -
CAPTURE 1.00 129

= 3 NEUTRON CROSS SECTIONS

2
TOTAL 1
1



BELOW 100 KEV, RESONANCE PARAMETERS WERE GIVEN.

ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/6/ STANDING ON A PREEQUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR_NEUTRON GIVEN IN _TABLE 1 WERE
DETERMINED TO REPRODUCE A SYSTEMATIC TREND OF THE TOTAL CROSS
SECTION BY CHANGING RO, RS AND RSO OF I11JIMA-KAWAI POTENTIAL/7/.
THE OMP*S FOR CHARGED PARTICLES ARE AS FOLLOWS:

PROTON = PEREY/8/

ALPHA = HUIZENGA AND 1G0/9/

DEUTERON = LOHR AND HAEBERL1/10/

HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/11/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/12/ WERE EVALUATED BY I1JIMA ET AL./13/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
5QE¢METER IN THE ENERGY RANGE BELOW E-JOINT IS DUE TO GRUPPELAAR

MT = 1 TOTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

51 - 91 INELASTIC SCATTERING

AL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
THE _LEVEL SCHEME WAS BASED ON EVALUATED NUCLEAR
/DATA FILE (1987 VERSION)/15/ AND NUCLEAR DATA

MEV) SSIN—PARITY

N
I

w
~
N
O+++1 +1 11 ++++01 00 +0 0000000+ 0 0+

2 3
LEVELS ABOVE 1. V WERE ASSUME

MT = 102 CAPTURE

TO BE OVERLAPPING.

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI

AND REFFO0/17/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.

THE GAMMA-RAY STRENGTH FUNCTION $7 375E-03) WAS ADJUSTED TO
REPRODUCE THE CAPTURE CROSS SECTION OF 385 MILLI-BARNS AT 90
KEV MEASURED BY MACKLIN/2/.

MT = 16 N,2N) CROSS SECTION
MT = 17 N,3N) CROSS SECTION
MT = 22 N,N*A) CROSS SECTION
MT = 28 N,N*P) CROSS SECTION
MT = 32 N,N*D) CROSS SECTION
MT = 33 N,N*"T) CROSS SECTION



MT =103 (N,P) CROSS SECTION
MT =104 (N.D) CROSS SECTION
MT =105 (N.T) CROSS SECTION
MT =106 (N.H 3& CROSS SECTION
MT =107 (N.ALP Ag CROSS SECTION
MT =111 N,ZP% CROSS SECTION
THESE REAGTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEgUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE
PEGASUS.
THE KALBACH®S CONSTANT K é: 99.5) WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWAT"S FORMALI /18/ AND LEVEL
DENSITY PARAMETERS.
FINALLY, THE ,P& AND SN LALPHA) CROSS _SECTIONS WERE
NORMAL1ZED TO THE OLLOWING VALUES AT 14.5 ME
N, 2N) 950 00 MB (MEASURED BY OKUMURA/19/
N,PZ MB (SYSTEMATICS OF FORREST/20/
N.ALPHA) 39 50 MB (RECOMMENDED BY FORREST/20/
MT = 251 MU-BAR
CALCULATED WITH CASTHY.
MF = 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUTIONS ARE
GIVEN IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRETE INELAS
TIC LEVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. THEY WERE
CALCULATED WITH CASTHY. FOR OTHER REACTIONS, ISOTROPIC DISTRI-
BUTIONS IN THE LABORATORY SYSTEM WERE ASSUMED.
MF = 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR
OTHER NEUTRON EMITTING REACTIONS.
TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS
DEPTH (MEV) RADIUS(FM) DIFFUSENESS(FM)
Vo= 46.0—0.25E RO = 5.7 AO = 0.62
WS = 7.0 RS = 6.2 AS = 0.35
VS0= 7.0 RSO= 5.7 ASO= 0.62
THE FORM OF SURFACE ABSORPTION PART IS DER. WOODS-SAXON TYPE.
TABLE 2 LEVEL DENSITY PARAMETERS
NUCLIDE SYST A(1/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING
33-AS- 75 1.250E+01 9.510E-01 6.830E+00 1.008E+01 1.880E+00
33-AS- 76 1.330E+01 7.860E-01 1.900E+01 5.611E+00 0.0
33-AS- 77 1.300E+01 8.440E-01 4.637E+00 7.951E+00 1.470E+00
33-AS- 78 1.150E+01 7.500E-01 5.001E+00 3.894E+00 0.0
34-SE- 76 1.315E+01 8.900E-01 1.097E+00 1.082E+01 3.310E+00
34-SE- 77 1.438E+01 8.000E-01 7.140E+00 8.015E+00 1.430E+00
34-SE- 78 1.287E+01 8.750E-01 1.163E+00 9.882E+00 2.900E+00
34-SE- 79 1.412E+01 8.000E-01 5.994E+00 7.842E+00 1.430E+00
35-BR- 77 * 1.440E+01 8.442E-01 7.380E+00 9.395E+00 1.880E+00
35-BR- 78 1.394E+01 7.570E-01 2.113E+01 5.482E+00 0.0
35-BR- 79 1.293E+01 8.690E-01 5.790E+00 8.381E+00 1.470E+00
35-BR- 80 1.318E+01 7.950E-01 1.882E+01 5.695E+00 0.0
SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.
SPIN CUTOFF PARAMETERS WERE CALCULATED AS 146*SQRT§A3*A**E2/3).
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT
ASSUMED TO BE 3.724 FOR BR- 79 AND 5.0 FOR BR- 80.
REFERENCES
1) KAWAI, M. ET AL.: J. NUCL. SCI. TECHNOL., 29, 195 (1992).
29 MACKLiN, R.L.: NUCL. SCI. ENG., 99, 133 (1988).
3) OHKUBO, M., KAWARASAKI, Y., AND MIZUMOTO, M. :
NUCL. SCI. TECH. 18, 745 61981)
4) MUGHABGHAB, S.F. ET AL.: "NEUTRON CROSS SECTIONS,
PART A™. ACADEMIC PRESS (1981).
5) IGARASI. S.: J. NUCL. SCI. TECHNOL., 12, 67 51975).
6) I1JIMA, S. ET AL.: JAERI-M 87-025, P. 337 51 87).
7 |igég§, S. AND KAWAT, M.: J. NUCL. SCI. TECHNOLZ, 20, 77
8 SEREY,-F.G: PHYS. REV. 131, 745 (1963%
9) HUIZENGA, J.R. AND IGO0, G.: NUCL. PHY , 462 (1962).
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BENZI, V. AND REFFO, G.: CCDN-NW/1
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MAT number = 3531

35-BR- 81 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-SEP90 REV2-MAR93

HISTORY

90-03 WEg EXALUATION FOR JENDL-3 WAS COMPLETED BY JNDC FPND
93-03 JENDL-3.2 WAS MADE BY JNDC FPND W.G.
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(2,151) UNRESOLVED RESONANCE PARAMETERS RE-ADJUSTED
SO AS TO REPRODUCE THE RE-NORMALIZED CAPTURE
CROSS SECTION.

3,102) RE-NORMALIZED.

3 4) (3,51-91) AND ANGULAR DISTRIBUTIONS
SMALL EFFECTS OF THE RE-NORMALIZATION OF THE
CAPTURE CROSS SECTION.
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MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY
MF = 2 RESONANCE PARAMETERS
MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS
RESOLVED RESONANCE REGION SMLBW FORMULA) : BELOW 13 KEV
RESONANCE ENERGIES FOR THE 304 LEVELS AND FOR THE REMAINING 3
LEVELS WERE BASED ON THE MEASUREMENTS BY MACKLIN/2/ AND BY
OHKUBO ET AL./3/, RESPECTIVELY. NEUTRON AND RADIATION WIDTHS
WERE DETERMINED BY DIFFERENT METHODS ACCORDING TO THE
FOLLOWING THREE CONDITIONS, RESPECTIVELY.
lE IN CASES WHERE TOTAL WIDTH AND NEUTRON CAPTURE AREA
MEASURED BY MACKLIN WERE GIVEN FOR A RESONANCE LEVEL, THE
NEUTRON AND RADIATION WIDTHS WERE SIMULTANEOUSLY OBTAINED BY
SOLVING A QUADRATIC EQUATION.
2) IN CASES WHERE NEUTRON CAPTURE AREA MEASURED BY MACKLIN AND
G*(REDUCED NEUTRON WIDTH) MEASURED BY OHKUBO ET AL. WERE
éXéALABLE, THE RADIATION WIDTHS WERE DERIVED FROM THE BOTH

3) IN CASES WHERE ONLY NEUTRON CAPTURE AREA BY MACKLIN WAS
AVAILABLE, OR G*(NEUTRON WIDTH) BY OHKUBO ET AL. WAS SMALLER
THAN NEUTRON CAPTURE AREA BY MACKLIN FOR A RESONANCE LEVEL,

ADOPTED. THE NEUTRON WIDTH WAS DERIVED FROM THIS AVERAGE

RADIATION WIDTH AND THE NEUTRON CAPTURE AREA. IN ADDITION,

IF THE VALUE OF G*(AVERAGED RADIATION WIDTH) WAS SMALLER THAN
NEUTRON CAPTURE AREA FOR SOME RESONANCE LEVELS, THE AVERAGE
RADIATION WIDTH WAS INCREASED DEPENDING ON THE VALUE OF
#EgNRON CAPTURE AREA, SO AS TO SATISFY THE FOLLOWING CONDI-

G*(AVERAGE RADIATION WIDTH) > NEUTRON CAPTURE AREA.

TOTAL SPIN J OF SOME RESONANCES WAS TENTATIVELY ESTIMATED
WITH A RANDOM NUMBER METHOD. NEUTRON ORBITAL ANGULAR
MOMENTUM L WAS ASSUMED TO BE O FOR ALL RESONANCE LEVELS.
SCATTERING RADIUS WAS TAKEN FROM THE GRAPH (FIG. 1, PART A)
GIVEN BY MUGHABGHAB ET AL./4/ A NEGATIVE RESONANCE WAS
DDED SO AS TO REPRODUCE THE THERMAL CAPTURE CROSS SECTION
IVEN BY MUGHABGHAB ET AL.

LVED RESONANCE REGION : 13 KEV - 100 KEV

EUTRON STRENGTH FUNCTION SO WAS BASED ON THE
GHABGHAB ET AL., AND S1 WAS BASED ON THE SYS
BGHAB ET AL., AND S2 WAS CALCULATED WITH OPT
CASTHY/5/. THE OBSERVED LEVEL SPACING WAS D
UCE_THE CAPTURE CROSS SECTION CALCULATED WI
FEECTIVE SCATTERING RADIUS WAS OBTAINED FROM
W

UN

ALCULATED TOTAL CROSS SECTION AT 100 KEV. T
T AS BASED ON THE COMPILATION OF MUGHABGHAB

1CAL VALUES OF THE PARAMETERS AT 70 KEV:
0 = 0.800E- S1 = 2.000E-4, S2 = 0.690E-4, SG = 17.3E-4,
GG = 0.300 EV R 7.334 FM.

CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES INTEG.

TOTAL .307

ELASTIC 3.61

CAPTURE 2.69
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MF

= 3 NEUTRON CROSS SECTIONS

BELOW 100 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/6/ STANDING ON A PREEQUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN IN TABLE 1 WERE
DETERMINED TO REPRODUCE A SYSTEMATIC TREND OF THE TOTAL CROSS
SECTION BY CHANGING RO, RS AND RSO OF IT1JIMA-KAWAI POTENTIAL/7/.
THE OMP*S OR CHARGED PARTICLES ARE AS FOLLOWS:

PROTON = PEREY/8/

ALPHA = HUIZENGA AND 1G0/9/

DEUTERON = LOHR AND HAEBERLI/lO/

HELIUM-3 AND _TRITON = BECCHETTI AND GREENLEES/11/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/12/ WERE EVALUATED BY I1JIMA ET AL./13/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
EéﬁéMETER IN THE ENERGY RANGE BELOW E-JOINT IS DUE TO GRUPPELAAR
MT = 1 TOTAL

SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.
MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).
MT = 4, 51 - 91 INELASTIC SCATTERING
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS BASED ON EVALUATED NUCLEAR
STRUCTURE DATA FILE (1987 VERSION)/15/ AND NUCLEAR DATA
SHEETS/16/.
NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 3/2 -
1 0.2760 5/2 -
2 0.5362 9/2 +
3 0.5382 1/2 -
4 0.5660 3/2 -
5 0.6499 3/2 -
6 0.7672 3/2 -
7 0.7925 3/2 +
8 0.8150 1/2 +
9 0.8283 3/2 -
10 0.8324 1/2 -
11 0.8364 7/2 -
12 1.1047 1/2 -
13 1.1899 5/2 -
14 1.2666 3/2 -
15 1.3228 5/2 -
16 1.3275 5/2 -
17 1.3525 1/2 -
18 1.3757 7/2 +
19 1.5428 1/2 -
20 1.5870 1/2 +
21 1.9499 7/2 +
22 1.9852 3/2 +
23 2.0559 1/2 -
24 2.0846 7/2 +
25 2.1225 3/2 +
26 2.1641 1/2 -
LEVELS ABOVE 2.193 MEV WERE ASSUMED TO BE OVERLAPPING.

MT = 102 CAPTURE

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI
AND REFF0/17/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.
THE GAMMA-RAY STRENGTH FUNCTION 51.65E—03 WAS ADJUSTED TO
REPRODUCE THE CAPTURE CROSS SECTION OF 119 MILLI-BARNS AT 90
KEV MEASURED BY MACKLIN/2/.

MT = 16 N,2N) CROSS SECTION

MT = 17 N,3N) CROSS SECTION

MT = 22 N,N*"A) CROSS SECTION

MT = 28 N,N*P) CROSS SECTION

MT = 32 N,N*D) CROSS SECTION

MT = 33 N,N*T) CROSS SECTION

MT =103 N,P) CROSS SECTION



MT =104 N,D) CROSS SECTION

MT =105 N,T) CROSS SECTION

MT =107 N,A PHA% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE

THE KALBACH®S CONSTANT K (= 120.9) WAS ESTIMATED BY THE
ULA DERIVED FROM KIKUCHI-KAWAT*S FORMALI /18/ AND LEVEL
ITY PARAMETERS.

LY, THE (N,P) AND @N ALPHAa CROSS SECTIONS WERE
IZED TO THE FOLLOWING VALUES AT 14.

21.50 MB (RECOMMENDED BY FORREST/19/)
PHA) 5.00 MB (RECOMMENDED BY FORREST)

MU-BAR
ATED WITH CASTHY.

LAR DISTRIBUTION
SLYNOMIAL COEFFI1

F_SECONDARY NEUTR
NTS FOR ANGULAR D

0 ON
1E 1S
CENTER-OF-MASS SYSTEM FOR MT=2 AND
ND IN THE LABORATORY SYSTEM FOR MT=
5 OTHER REACTIONS, 1

STEM WERE ASSUME

S
T
D
9
0

P =2

H CASTHY. F
LABORATORY

ISTRIBUTIONS OF SECONDARY NEUT
UTIONS OF SECONDARY NEUTRONS W
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPP
OTHER NEUTRON EMITTING REACTIONS.

TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS

SOTR

noomowm

ONS
EE CALCULATED WITH

b.
R
E
1 LEVELS AND FOR

T
E
D
B
N

DEPTH (MEV) RADIUS(FM) DIFFUSENESS (FM)
vV = 46.0—0.25E RO = 5.7 A0 = 0.62
WS = 7.0 RS = 6.2 Ag = O.gg

VS0= 7.0 RSO0= 5.7 0= 0
THE FORM OF SURFACE ABSORPTION PART IS DER. WOODS-SAXON TYPE.
TABLE 2 LEVEL DENSITY PARAMETERS

NUCLIDE A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING
33-AS- 77 1.300E+01 8.440E-01 4.637E+00 7.951E+00 1.470E+00
33-AS- 78 1.150E+01 7.500E-01 5.001E+00 3.894E+00 0.0
33-AS- 79 1.290E+01 8.230E-01 3.020E+00 7.585E+00 1.570E+00
33-AS- 80 1.150E+01 7.250E-01 4.181E+00 3.535E+00 0.0
34-SE- 78 1.287E+01 8.750E-01 1.163E+00 9.882E+00 2.900E+00
34-SE- 79 1.412E+01 8.000E-01 5.994E+00 7.842E+00 1.430E+00
34-SE- 80 1.334E+01 8.130E-01 6.129E-01 9.136E+00 3.000E+00
34-SE- 81 1.368E+01 7.490E-01 2.463E+00 6.614E+00 1.430E+00
35-BR- 79 1.293E+01 8.690E-01 5.790E+00 8.381E+00 1.470E+00
35-BR- 80 1.318E+01 7.950E-01 1.882E+01 5.695E+00 0.0
35-BR- 81 1.290E+01 8.310E-01 3.275E+00 7.733E+00 1.570E+00
35-BR- 82 1.266E+01 6.900E-01 5.789E+00 3.665E+00 0.0
SPIN CUTOFF PARAMETERS WERE CALCULATED AS 0.146%*SQ RT&A&*A**EZ/S).
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT
ASSUMED TO BE 3.192 FOR BR- 81 AND 5.0 FOR BR- 82.
REFERENCE
1) KAWAI, M. ET AL.: J. NUCL. SCI. TECHNOL., 29, 195 (1992).
23 WACKLIN, R-L.- NUCL. SCI. ENG.. 99. 133 (1988) .
3) OHKUBO, M., KAWARASAKI, Y., AND MIZUMOTO, M.
NUCL. SCI. TECH. 18, 745 61981)
4) MUGHABGHAB, S.F. ET AL.: "NEUTRON CROSS SECTIONS,
PART A" ACADEMIiC PRESS’ §1981).
5) 1GARASI. S.: J. NUCL. SCI. TECHNOL., 12, 67 51975)
6) I1JIMA, S. ET AL.: JAERI-M 87-025, P. 3 él 87)
7 |{gég§, S. AND KAWAI, M.: J. NUCL. SCI. TECHNOL., 20, 77
8 SEREY, F.G: PHYS. REV. 131, 745 (1963).
9) HUIZENGA, J.R. AND IGO0, G.: NUCL. PHYS. 29, 462 §19623.
10) LOHR, J.M. AND HAEBERLI, W.: NUCL. PHYS. A232, 381 (1074).
11) BECCHETTI, F.D., JR. AND GREENLEES, G.W.: POLARIZATION
PHENOMENA ™ IN NUGLEAR REACTIONS (gEDS) H.H. BARSHALL AND
%iggégBERLl), P. 682, THE UNIVERSITY OF WISCONSIN PRESS.
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MAT number = 3625

36-KR- 78 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90

HISTORY

90-03 WEg EX?LUATION FOR JENDL-3 WAS COMPLETED BY JNDC FPND

MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF

= 2 RESONANCE PARAMETERS

MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS

RESOLVED RESONANCE REGION (MLBW FORMULA% : BELOW 0.8 KEV
RESONANCE PARAMETERS FOR THREE POSITIVE LEVELS WERE BASED ON
MUGHABGHAB ET AL./2/ RESONANCE LEVELS AT 0.1719 KEV AND ABOVE
1.136 KEV WERE ABANDONED, BECAUSE THEY BELONG POSSIBLY TO
KR-80. THE VALUES OF NEUTRON ORBITAL ANGULAR MOMENTUM L AND
TOTAL SPIN J WERE ASSUMED TO BE O AND 0.5 FOR ALL RESONANCE
LEVELS, RESPECTIVELY. SCATTERING RADIUS WAS ALSO TAKEN FROM
THE GRAPH EFIG 1, PART AB GIVEN BY MUGHABGHAB ET AL. A
NEGATIVE RESONANCE WAS ADDED SO AS TO REPRODUCE THE THERMAL
XﬁPTURE CROSS SECTION OF 6.2+- BARNS GIVEN BY MUGHABGHAB ET

UNRESOLVED RESONANCE REGION : 0.8 KEV - 100 KEV
THE NEUTRON STRENGTH FUNCTIONS, SO AND S2 WERE CALCULATED WITH
OPTICAL MODEL CODE CASTHY/3/, AND S1 WAS BASED ON THE
SYSTEMATICS OF MUGHABGHAB ET AL. THE OBSERVED LEVEL SPACING
WAS DETERMINED TO REPRODUCE THE CAPTURE CROSS SECTION
CALCULATED WITH CASTHY. THE EFFECTIVE SCATTERING RADIUS WAS

OBTAINED FROM FITTING TO THE CALCULATED TOTAL CROSS SECTION AT
100 KEV. THE RADIATION WIDTH GG WAS BASED ON THE COMPILATION
OF MUGHABGHAB ET AL.

TYPICAL VALUES OF THE PARAMETERS AT 70 KEV:
SO 0.58

= 0.580E-4, S1 = 1.700E-4, S2 = 0.730E-4, SG = 13.0E-4,
GG = 0.230 EV, R = 7.556 FM.
CALCULATED 2200-M/S CROSS SECTIONS AND RES INTEGRALS (BARNS)
2200 M/S ES. INTEG.
TOTAL 14.03
ELASTIC 7.829 -
CAPTURE 6.200 25.8
MF = 3 NEUTRON CROSS SECTIONS
BELOW 100 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/4/ STANDING ON A PREE%UILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR_NEUTRON GIVEN IN _TABLE 1 WERE
DETERMINED TO REPRODUCE A SYSTEMATIC TREND OF THE TOTAL CROSS
SECTION BY CHANGING RO, RS AND RSO OF I11JIMA-KAWAI POTENTIAL/5/.
THE OMP"S FOR CHARGED PARTICLES ARE AS FOLLOWS:
PROTON = PEREY/6/
ALPHA = HUIZENGA AND 1G0/7/
DEUTERON = LOHR AND HAEBERLI1/8/
HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/9/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/10/ WERE EVALUATED BY I11JIMA ET AL./11/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
EégﬁMETER IN THE ENERGY RANGE BELOW E-JOINT IS DUE TO GRUPPELAAR

MT = 1 TOTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

=4, 51 - 91 INELASTIC SCATTERING

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTE THE _LEVEL SCHEME WAS BASED ON EVALUATED NUCLEAR
g;EUCTURE DATA FILE (1987 VERSION)/13/ AND AND NUCLEAR DATA

MT

ETS/14/.
NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 0 +
1 0.4550 2 4+
2 1.0172 0 +



3 1.1195 4 +
4 1.1479 2 4+
5 1.5647 3+
6 1.6538 3 4+
7 1.7559 2 4+
8 1.7729 2 4+
9 1.8729 4 +
10 1.9778 6 +
11 2.0075 0 -
12 2.2341 2 4+
13 2.2407 2 4+
14 2.2998 5 +
15 2.3990 3 -
16 2.4134 2 4+
17 2.4434 1 -
18 2.4718 2 4+
19 2.5080 0 +
20 2.5733 2 4+
21 2.6561 0 +
22 2.6776 3 -
23 2.7315 6 +
24 2.7498 5 -
25 2.7641 3 -
26 2.8821 3 -
27 2.8828 1 -
28 2.9925 0 +
29 2.9933 8 +
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DEPTH (MEV) RADIUS(FM) DIFFUSENESS(FM)
V = 46.0-0.25E RO = 5.7 A0 = 0.62
WS = 7.0 RS = 6.2 AS = 0.35



VS0= 7.0 RSO= 5.7 ASO= 0.62
THE FORM OF SURFACE ABSORPTION PART IS DER. WOODS-SAXON TYPE.

TABLE 2 LEVEL DENSITY PARAMETERS
NUCLIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING

34-SE- 74 1.290E+01 8.620E-01 1.070E+00 9.612E+00 2.860E+00
34-SE- 75 1.391E+01 8.500E-01 9.741E+00 8.707E+00 1.430E+00
34-SE- 76 1.315E+01 8.900E-01 1.097E+00 1.082E+01 3.310E+00
34-SE- 77 1.438E+01 8.000E-01 7.140E+00 8.015E+00 1.430E+00
35-BR- 75 * 1.407E+01 8.667E-01 1.329E+01 9.176E+00 1.430E+00
35-BR- 76 * 1.467E+01 8.553E-01 9.334E+01 7.957E+00 0.0

35-BR- 77 * 1.440E+01 8.442E-01 7.380E+00 9.395E+00 1.880E+00
35-BR- 78 1.394E+01 7.570E-01 2.113E+01 5.482E+00 0.0

36-KR- 76 * 1.425E+01 8.553E-01 3.339E+00 1.024E+01 2.600E+00
36-KR- 77 1.359E+01 8.250E-01 7.930E+00 7.711E+00 1.170E+00
36-KR- 78 1.322E+01 8.690E-01 1.155E+00 1.019E+01 3.050E+00
36-KR- 79 1.369E+01 8.400E-01 9.969E+00 8.080E+00 1.170E+00

SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.

SPIN CUTOFF PARAMETERS WERE CALCULATED AS 146*SQRT§A3*A**E2/3)
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT
ASSUMED TO BE 6.780 FOR KR- 78 AND 5.0 FOR KR- .
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2) MUGHABGHAB, S.F. ET AL.: "NEUTRON CROSS SECTIONS, VOL. I,
PART A", ACADEMIC PRESS 19812

3) IGARASI, S.: J. NUCL. SC TECHNOL., 12, 67 51975)

4) 11JIMA, S. ET AL.: JAERI-M 87-025, P. 337 (1987)

5 I{gégé, S. AND KAWAI, M.: J. NUCL. SCI. TECHNOL-, 20, 77

6 SEREY, F.G: PHYS. REV. 131, 745 (1963%.

7) HUIZENGA, J.R. AND IGO, G.: NUCL. PHYS. 29, 462 §1962g.

8) LOHR, J.M. AND HAEBERLI, W.: NUCL. PHYS. A232, 381 gl 74).

9) BECCHETTI, F.D., JR. AND GREENLEES, G.W.: POLARIZATION
PHENOMENA "IN NUCLEAR REACTIONS §§EDS) H.H. BARSHALL AND
WiggéEBERLI), 682, THE UNIVERSITY OF WISCONSIN PRESS

10) é{ggg%T, A. AND CAMERON, A.G.W.: CAN. J. PHYS., 43, 1446

11 glJIMA, S., ET AL.: J. NUCL. SCI. TECHNOL. 21, 10 (1984).

12) GRUPPELAAR, H.: ECN 13 §1977a

13) ENSDF: EVALUATED NUCLEAR STR CTURE DATA FILE (JUNE 1987).

14) NUCLEAR DATA SHEETS, 33, 189 (1981

15) BENZI, V. AND REFFO, G.: CCDN- NW/l 51969)

16) WALTER, G., ET AL.: KFK-3652, E

17) KIKUCHI, K. AND KAWAI, M.: "NUCLEAR MATTER AND NUCLEAR
REACTIONS™, NORTH HOLLAND (1968).

18) KONDAIAH, E., ET AL.: NUCL. PHYS., A120, 337 (1968)

19) FORREST, R.A.: AERE-R 12419 (1986).



MAT number = 3631

36-KR- 80 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90

HISTORY

90-03 WEg E¥¢LUATION FOR JENDL-3 WAS COMPLETED BY JNDC FPND

MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF 2 RESONANCE PARAMETERS

RESOLVED AND UNRESOLVED RESONANC

ED RESONANCE REGION (MLBW FORMULA) : BELOW 1 KEV

ANCE PARAMETERS WERE BASED ON MUGHABGHAB ET AL./2/

CE LEVELS AT 89.2 AND 171.9 EV, AND ABOVE 2.16 KEV WERE
E BECAUSE THEY DO NOT POSSIBLY BELONG TO KR-80.

DTHS OF THE RESONANCE LEVELS ABOVE 1.136 KEV WERE

ED NEUTRON WIDTH OF 18.34 MEV.
EV WAS ADOPTED FOR ALL

T LEVEL AT 106 EV. THE VALUES
TUM L AND TOTAL SPIN J

ALL RESONANCE LEVELS,

. WAS ALSO TAKEN FROM THE GRAPH
PART AB GIVEN B HAB ET AL. A NEGATIVE

WAS ADDED SO AS TO ODUCE THE THERMAL CAPTURE
TION OF 11.5+-0.5 BARNS GIVEN BY MUGHABGHAB ET AL.

ESONANCE REGION - 1 KEV - 100 KEV
N STRENGTH FUNCTIONS, SO AND S2 WERE CALCULATED

L MODEL CODE CASTHY/3/, AND S1 WAS BASED ON THE

OF MUGHABGHAB ET AL. THE OBSERVED LEVEL SPACING
NED TO REPRODUCE THE CAPTURE CROSS SECTION
WITH CASTHY. THE EFFECTIVE SCATTERING RADIUS WAS
ROM_FITTING TO THE CALCULATED TOTAL CROSS SECTION
HABTE$ ﬁﬁDIATION WIDTH WAS BASED ON THE COMPILATION
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TABLE 2 SHOWS
ALCULATION.
ENERGY RANGE

mo

AR

MT = 1 TOTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT = 4, 51 - 91 INELASTIC SCATTERING
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS BASED ON EVALUATED NUCLEAR
STRUCTURE DATA FILE (1987 VERSION)/13/.

NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 0 +
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FINALLY, THE (N,P) AND

THE KALBACH®S
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TABLE 1



WS = 7 0 RS =

VS0= 7.0 RSO
THE FORM OF SURFACE ABSORPTION PART I
TABLE 2 LEVEL DENSITY PARAMETERS

NUCLIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING

AS 0.35
AS 0.62
ER. WOODS-SAXON TYPE.

34-SE- 76 1.315E+01 8.900E-01 1.097E+00 1.082E+01 3.310E+00
34-SE- 77 1.438E+01 8.000E-01 7.140E+00 8.015E+00 1.430E+00
34-SE- 78 1.287E+01 8.750E-01 1.163E+00 9.882E+00 2.900E+00
34-SE- 79 1.412E+01 8.000E-01 5.994E+00 7.842E+00 1.430E+00
35-BR- 77 * 1.440E+01 8.442E-01 7.380E+00 9.395E+00 1.880E+00
35-BR- 78 1.394E+01 7.570E-01 2.113E+01 5.482E+00 0.0

35-BR- 79 1.293E+01 8.690E-01 5.790E+00 8.381E+00 1.470E+00
35-BR- 80 1.318E+01 7.950E-01 1.882E+01 5.695E+00 0.0

36-KR- 78 1.322E+01 8.690E-01 1.155E+00 1.019E+01 3.050E+00
36-KR- 79 1.369E+01 8.400E-01 9.969E+00 8.080E+00 1.170E+00
36-KR- 80 1.205E+01 8.350E-01 5.500E-01 8.257E+00 2.640E+00
36-KR- 81 1.503E+01 7.300E-01 6.057E+00 6.776E+00 1.170E+00

SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.

SPIN CUTOFF PARAMETERS WERE CALCULATED AS 0.146*SQRT§A3*A**E2/3).
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT 0 MEV WER
ASSUMED TO BE 20.15 FOR KR- 80 AND 5.0 FOR KR- 81.

REFERENCES

) KAWAIL, M. ET AL.: PROC. INT. CONF. ON NUCLEAR DATA FOR SCIENCE

AND TECHNOLOGY, MITO, P. 569 $1988).

2) MUGHABGHAB, S.F. ET AL.: "NEUTRON CROSS SECTIONS, VOL. I,
PART A", ACADEMIC PRESS (1981).

3) IGARASI, S.: J. NUCL. SCI. TECHNOL., 12, 67 51975)

4y T1JIMA, S. ET AL.: JAERI-M 87-025, P. 337 (1 87)

5 I{gég%, S. AND KAWAI, M.: J. NUCL. SCI. TECHNOL-, 20, 77

6 SEREY, F.G: PHYS. REV. 131, 745 (1963%.

7) HUIZENGA, J.R. AND I1GO, G.: NUCL. PHYS. 29, 462 519623.

8) LOHR, J.M. AND HAEBERLi, W.: NUCL. PHYS. A232, f 74

9) BECCHETTI, F.D., JR. AND GREENLEES, G.W.: POLARIZATION
PHENOMENA "IN NUCLEAR REACTIONS &gEDS) H.H. BARSHALL AND
Wig;éEBERLI)’ . 682, THE UNIVERSITY OF WISCONSIN PRESS.

10) é{ggg%T, A. AND CAMERON, A.G.W.: CAN. J. PHYS., 43, 1446

11 gIJIMA, S., ET AL. NUCL. SCI. TECHNOL. 21, 10 (1984).

12) GRUPPELAAR, H.: ECN 13 §1977a

13) ENSDF: EVALUATED NUCLEAR STRUCTURE DATA FILE (JUNE 1987).

14) BENZI, V. AND REFFO, G.: CCDN-NW/10 51969)

15) WALTER, G., ET AL.: KFK-3652, 1 E 98

16) KIKUCHI, K. AND KAWAI, M.: "NUCLEAR MATTER AND NUCLEAR
REACTIONS", NORTH HOLLAND 51968

17) FORREST, R.A.: AERE-R 12419 (19 6).



MAT number = 3637

36-KR- 82 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90

HISTORY

90-03 WEg E¥¢LUATION FOR JENDL-3 WAS COMPLETED BY JNDC FPND

MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF 2 RESONANCE PARAMETERS

RESOLVED AND UNRESOLVED RESONANCE PARAMETERS
ED RESONANCE REGION EMLBW FORMULA% BELOW 0.4 KEV
NANCE PARAMETERS WERE BASED ON MUGHABGHAB ET AL./2/ THE
NANCE LEVEL AT 1.55 KEV WAS ABANDONE BECAUSE THIS LEVEL
NGS POSSIBLY TO KR-83. NEUTRON WIDT OF THE RESONANCE
S FROM 646 TO 1659 EV WERE DERIVED THE REDUCED

ON WIDTH (19.7 MEV) OF THE 1ST LEVE D THE RESONANCE

Y OF EACH LEVEL. AVERAGE RADIATI Oﬁ TH OF 230 MEV
S A
| T

=
m—1

M

g

BY MUGHABGHAB ET AL. WAS ADOPTED ALL RESONANCE
INCLUDING A NEGATIVE RESONANCE, WAS SLIGHTLY

0 227 MEV SO AS TO REPRODUCE THERMAL CAPTURE

ION OF 28+-20 BARNS GIVEN BY MUGHABGHAB ET AL. THE

NEUTRON ORBITAL ANGULAR MOMENTUM L AND TOTAL SPIN J
ED TO BE O AND 0.5 FOR ALL RESONANCE LEVELS,

LY. SCATTERING RADIUS WAS ALSO TAKEN FROM THE GRAPH

ART A) GIVEN BY MUGHABGHAB ET AL.

ESONANCE REGION 4 KEV - 100 KEV
N STRENGTH FUNC S, SO AND S2 WERE CALCULATED

L MODEL CODE C Y/3/, AND S1 WAS BASED ON THE

OF MUGHABGHAB AL. THE OBSERVED LEVEL SPACING
NED TO REPRODU THE CAPTURE CROSS SECTION
WITH CASTHY. EFFECTIVE SCATTERING RADIUS WAS
OM_FITTING TO THE CALCULATED TOTAL CROSS SECTION
HABTE$ ﬁﬁDIATION WIDTH WAS BASED ON THE COMPILATION

ES OF THE PARAMETERS AT 70 KEV:
0E-4, S1 = %.%ggEEﬁ, S2 = 0.680E-4, SG = 1.85E-4,

SS SECTIONS AND RES. INTEGRALS (BARNS)
M/S RES INTEG.
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. TABLE 2 SHOWS N

NT CALCULATION. D

THE ENERGY RANGE N

ENSITY PARAMETERS USED
NDENCE OF SPIN CUT-OFF
PARAMET INT IS DUE TO GRUPPELA

/12/.

AR

MT =1 OTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

51 - 91 INELASTIC SCATTERING

CAL_OPTICAL AND STATISTICAL MODEL CALCULATION WAS
D. THE LEVEL SCHEME WAS BASED ON EVALUATED NUCLEA
URE DATA FILE (1987 VERSION)/13/

CLEAR DATA SHEETS/14/.



NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 0 +

1 0.7765 2 4+

2 1.4748 2 4+

3 1.4875 3 -

4 1.8205 4 +

5 1.9566 1 -

6 2.0939 3 0+

7 2.1718 0 +

8 2.4268 3+

9 2.4801 1 -

10 2.5474 3 -

11 2.5561 3 -

12 2.6483 4 -

13 2.8280 5 -

4 2.9200 6 +

LEVELS ABOVE 2.944 MEV WERE ASSUMED TO BE OVERLAPPING.

MT = 102 CAPTURE

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI

AND REFF0/15/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.

THE GAMMA-RAY STRENGTH FUNCTION Fl 69E-04) WAS ADJUSTED TO
REPRODUCE THE CAPTURE CROSS SECTION OF 50 MILLI-BARNS AT 100
KEV MEASURED BY WALTER ET AL./16/

MT = 16 N,2N) CROSS SECTION

MT = 17 N,3N) CROSS SECTION

MT = 22 N,N*A) CROSS SECTION

MT = 28 N,N*P) CROSS SECTION

MT =103 N,P ROSS SECTION

MT =104 N,D) CROSS SECTION

MT =105 N,T) CROSS SECTION

MT =107 N,A PHA% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE PEGASUS.
THE KALBACH™S

CONSTANT K (= 78.0% WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWA
DENSITY PARAMETERS.

FINALLY, THE (N,P) AND &N ALPHAa CROSS SECTIONS WERE
NO RMALIZED TO THE FOLLO ING VALUES AT 14.

MB (RECOMMENDED BY FORREST/lS/

N A PHA) 8 21 MB (SYSTEMATICS OF FORREST/18/

MT = 251 MU-BAR
CALCULATED WITH CASTHY.

4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
DRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTR

IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DI
EVELS, AND IN THE LABORATORY SYSTEM FOR MT=91.
LATED WITH CASTHY. FOR OTHER REACTIONS, ISOTR
NS IN THE LABORATORY SYSTEM WERE ASSUMED.

*S FORMALISM/17/ AND LEVEL

MF

) w—
O O
0 o C
-—m—

MF = 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CA
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LE

OTHER NEUTRON EMITTING REACTIONS.
TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS
DEPTH (MEV) RADIUS(FM) DIFFUSENESS(FM)

46.0-0.25E RO
7.0

<r

VS -0 RSO= 5. ASO= 0.
THE FORN OF SURFACE ABSORPTION PART 13 DER. WOODS-SAXON TYPE.
TABLE 2 LEVEL DENSITY PARAMETERS
NUCLIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING

34-SE- 78 1.287E+01 8.750E-01 1.163E+00 9.882E+00 2.900E+00
34-SE- 79 1.412E+01 8.000E-01 5.994E+00 7.842E+00 1.430E+00
34-SE- 80 1.334E+01 8.130E-01 6.129E-01 9.136E+00 3.000E+00
34-SE- 81 1.368E+01 7.490E-01 2.463E+00 6.614E+00 1.430E+00
35-BR- 79 1.293E+01 8.690E-01 5.790E+00 8.381E+00 1.470E+00



35-BR- 80 1.318E+01 7.950E-01 1.882E+01 5.695E+00 0.0
35-BR- 81 1.290E+01 8.310E-01 3.275E+00 7.733E+00 1.570E+00
35-BR- 82 1.266E+01 6.900E-01 5.789E+00 3.665E+00 0.0
36-KR- 80 1.205E+01 8.350E-01 5.500E-01 8.257E+00 2.640E+00
36-KR- 81 1.503E+01 7.300E-01 6.057E+00 6.776E+00 1.170E+00
36-KR- 82 1.319E+01 7.810E-01 4.961E-01 8.191E+00 2.740E+00
36-KR- 83 1.483E+01 6.700E-01 2.532E+00 5.589E+00 1.170E+00
SPIN CUTOFF PARAMETERS WERE CALCULATED AS 0. 146*SQRT§A3*A**E2/3).
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT EY WER
ASSUMED TO BE 6.839 FOR KR- 82 AND 8.5 FOR KR- 83.

EFERENCES

1) KAWAI, M. ET AL.: PROC. INT. CONF. ON NUCLEAR DATA FOR SCIENCE
AND TECHNOLOGY, MITO, P. 569 $1988).

2) MUGHABGHAB, S.F. ET AL.: "NEUTRON CROSS SECTIONS, VOL. I,
PART A", ACADEMIC PRESS (1981).

3) IGARASI, S.: J. NUCL. SCI. TECHNOL., 12, 67 51975)

4) 11JIMA, S. ET AL.: JAERI-M 87-025, P. 337 (1987)

5 |{gég§, S. AND KAWAT, M.: J. NUCL. SCI. TECHNOL-, 20, 77

6 SEREY, F.G: PHYS. REV. 131, 745 (1963%.

7) HUIZENGA, J.R. AND 1GO, G.:- NUCL. PHYS. 29, 462 519623

8) LOHR, J.fl. AND HAEBERLi, W.: NUCL. PHYS. A232, g 74).

9) BECCHETTI, F.D., JR. AND GREENLEES, G.W.: POLARIZATION
PHENOMENA ™ IN NUCLEAR REACTIONS &gEDS) HF. BARSHALL AND
WigyéEBERLI), . 682, THE UNIVERSITY OF WiSCONSIN PRESS.

10) é{ggg%T, A. AND CAMERON, A.G.W.: CAN. J. PHYS., 43, 1446

11 flJlMA, S., ET AL.: J. NUCL. SCI. TECHNOL. 21, 10 (1984).

123 GRUPPELAAR’ H.: ECN- 13 &19773

13) ENSDF: EVALUATED NUCLEA STR CTURE DATA FILE (JUNE 1987).

14) NUCLEAR DATA SHEETS, 5

15) BENZI, V. AND_REFFO, .: CCDN- NW/lO 1969).

16) WALTER, G., ET AL. KFK- 3652, 1 (1984).

179 KIKUCHi, K. AND KAWAI, M.: "NUCLEAR MATTER AND NUCLEAR
REACTIONS™, NORTH HOLLAND 51968g

18) FORREST, R.A.: AERE-R 12419 (1986)



MAT number = 3640

36-KR- 83 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90
HISTORY
84-10 EVALUATION FOR JENDL-2 WAS MADE BY JNDC FPND W.G./1/
90-03 MODIFICATION FOR JENDL-3 WAS MADE/2/.
MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY
MF = 2 RESONANCE PARAMETERS
MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS
RESOLVED RESONANCE REGION SMLBW FORMULA& : BELOW 0.272 KEV
RESONANCE PARAMETERS OF JENDL-2 WERE MODIFIED AS FOLLOWS
FOR JENDL-2, PARAMETERS _WERE GIVEN FOR 2 POSITIVE AND A
NEGATIVE RESONANCES ON THE BASIS OF THE DATA GIVEN BY
MUGHABGHAB ET AL./3/ NEUTRON ORBITAL ANGULAR MOMENTUM L WERE
ASSUMED TO BE 0. NEUTRON WIDTHS WERE MODIFIED SO AS TO
REPRODUCE THE THERMAL CAPTURE CROSS SECTION OF 180+-30 BARNS
AND THE NEUTRON RESONANCE CAPTURE INTEGRAL OF 183+-25 BARNS
GIVEN BY MUGHABGHAB ET AL. RADIATION WIDTH OF 210 MEV _FOR THE
FIRST LEVEL/3/ WAS ADOPTED FOR THE OTHER RESONANCE LEVELS.
HOWEVER, THE VALUES OF TOTAL SPIN J WERE UNKNOWN AND THE
TARGET SPIN OF 4.5 WAS ADOPTED FOR ALL THE LEVELS.
FOR JENDL-3, THE J-VALUES OF ALL RESONANCE LEVELS WERE
TENTATIVELY ESTIMATED WITH A RANDOM NUMBER METHOD. ACCORDING
TO MODIFICATION OF THE J-VALUES, RESONANCE PARAMETERS WERE
ALSO MODIFIED SO AS TO REPRODUCE THE THERMAL CAPTURE CROSS
SECTION AND THE NEUTRON RESONANCE CAPTURE INTEGRAL MENTIONED
ABOVE. SCATTERING RADIUS WAS TAKEN FROM THE GRAPH (FIG. 1,
PART A) GIVEN BY MUGHABGHAB ET AL.

UNRESOLVED RESONANCE REGION : 0.272 KEV - 100 KEV

UNRESOLVED RESONANCE PARAMETERS WERE ADOPTED FROM JENDL-2.
THE NEUTRON STRENGTH FUNCTIONS, SO, S1 AND S2 WERE CALCULATED
WITH OPTICAL MODEL CODE CASTHY/4/. THE OBSERVED LEVEL SPACING
WAS DETERMINED TO REPRODUCE THE CAPTURE CROSS SECTION
CALCULATED WITH CASTHY. THE EFFECTIVE SCATTERING RADIUS WAS
OBTAINED FROM FITTING TO THE CALCULATED TOTAL CROSS SECTION AT
100 KEV.
TYPICAL VALUES OF THE PARAMETERS AT 70 KEV:
SO = 0.580E-4, S1 = 2.920E—4, S2 = 0.650E-4, SG = 25.2E-4,
GG = 0.200 EV R = 7.033 FM.
CALCULATED 2200-M/S CROSS SECTIONS AND RES INTEGRALS (BARNS)
2200 M/S ES. INTEG.
TOTAL 189.0 -
ELASTIC 9.080 -
CAPTURE 179.9 148
MF = 3 NEUTRON CROSS SECTIONS
BELOW 100 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/5/ STANDING ON A PREEQUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN IN TABLE 1 WERE
DETERMINED TO REPRODUCE A SYSTEMATIC TREND OF THE TOTAL CROSS
SECTION BY CHANGING RO, RS AND RSO OF I11JIMA-KAWAI POTENTIAL/6/.
THE OMP*S FOR CHARGED PARTICLES ARE AS FOLLOWS:
PROTON = PEREY/7/
ALPHA = HUIZENGA AND 1G0/8/
DEUTERON = LOHR AND HAEBERLI1/9/
HELIUM-3 AND _TRITON = BECCHETTI AND GREENLEES/10/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/11/ WERE EVALUATED BY I1JIMA ET AL./12/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
EégﬁMETER IN THE ENERGY RANGE BELOW E-JOINT IS DUE TO GRUPPELAAR

MT =1 OTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT 4, 51 - 91 INELASTIC SCATTERING
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS



ADOPTED. THE LEVEL SCHEME WAS TAKEN FROM REF./14/.

NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 9/2 +

1 0.0094 7/2 +

2 0.0416 1/2 -

3 0.5619 5/2 -

4 0.5711 3/2 -

5 0.6900 3/2 +

6 0.7983 5/2 +

7 1.0120 1172 +

8 1.1028 9/2 +

9 1.1222 13/2 +

LEVELS ABOVE 1.21 MEV WERE ASSUMED TO BE OVERLAPPING.

MT = 102 CAPTURE

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI

AND REFF0/15/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.

THE GAMMA-RAY STRENGTH FUNCTION §25.9E—04 WAS ADJUSTED TO
REPRODUCE THE CAPTURE CROSS SECTION OF 272 MILLI-BARNS AT 30
KEV MEASURED BY WALTER ET AL./16/

MT = 16 N,2N) CROSS SECTION

MT = 17 N,3N) CROSS SECTION

MT = 22 N,N*A) CROSS SECTION

MT = 28 N,N*P) CROSS SECTION

MT = 32 N,N"D) CROSS SECTION

MT =103 N,P ROSS SECTION

MT =104 N,D) CROSS SECTION

MT =105 N,T) CROSS SECTION

MT =106 N,H 3& CROSS SECTION

MT =107 N,ALP A% CROSS SECTION

MT =111 N,ZP% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE PEGASUS.
THE KALBACH™S

CONSTANT K (= 266.2% WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWA
DENSITY PARAMETERS.

FINALLY, THE (N,P) AND &N ALPHAa CROSS SECTIONS WERE
NO RMALIZED TO THE FOLLO ING VALUES AT 14.

MB (RECOMMENDED BY FORREST/lS/

N A PHA) 5 28 MB (SYSTEMATICS OF FORREST/18/

MT = 251 MU-BAR
CALCULATED WITH CASTHY.

*S FORMALISM/17/ AND LEVEL

MF = 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUTIONS ARE
GIVEN IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRETE INELAS
TIC LEVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. THEY WERE
CALCULATED WITH CASTHY. FOR OTHER REACTIONS, ISOTROPIC DISTRI-
BUTIONS IN THE LABORATORY SYSTEM WERE ASSUMED.
MF = 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR
OTHER NEUTRON EMITTING REACTIONS.
TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS
DEPTH (MEV) RADIUS(FM) DIFFUSENESS(FM)
V = 46.0-0.25E RO = 5.7 A0 = 0.62
WS = 7.0 RS = 6.% AS = 0.%5

VS .0 RSO= 5. ASO= 0
THE FORM OF SURFACE ABSORPTION PART IS DER. WOODS-SAXON TYPE.
TABLE 2 LEVEL DENSITY PARAMETERS

NUCL IDE A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING
34-SE- 79 1.412E+01 8.000E-01 5.994E+00 7.842E+00 1.430E+00
34-SE- 80 1.334E+01 8.130E-01 6.129E-01 9.136E+00 3.000E+00
34-SE- 81 1.368E+01 7.490E-01 2.463E+00 6.614E+00 1.430E+00
34-SE- 82 1.259E+01 7.980E-01 3.563E-01 8.246E+00 2.890E+00
35-BR- 80 1.318E+01 7.950E-01 1.882E+01 5.695E+00 0.0



35-BR- 81 1.290E+01 8.310E-01 3.275E+00 7.733E+00 1.570E+00

35-BR- 82 1.266E+01 6.900E-01 5.789E+00 3.665E+00 0.0

35-BR- 83 1.324E+01 7.830E-01 2.683E+00 6.978E+00 1.460E+00

36-KR- 81 1.503E+01 7.300E-01 6.057E+00 6.776E+00 1.170E+00
36-KR- 82 1.319E+01 7.810E-01 4.961E-01 8.191E+00 2.740E+00
36-KR- 83 1.483E+01 6.700E-01 2.532E+00 5.589E+00 1.170E+00
36-KR- 84 9.970E+00 9.600E-01 4.942E-01 8.590E+00 2.630E+00

SPIN CUTOFF PARAMETERS WERE CALCULATED AS 0. 146*SQRT§A3*A**E2/3).

IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT EV WER

ASSUMED TO BE 8.5 FOR KR- 83 AND 4.937 FOR KR- 84
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MAT number = 3643

36-KR- 84 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90
HISTORY
84-10 EVALUATION FOR JENDL-2 WAS MADE BY JNDC FPND W.G./1/
90-03 MODIFICATION FOR JENDL-3 WAS MADE/2/.
MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY
MF = 2 RESONANCE PARAMETERS
MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS
RESOLVED RESONANCE REGION (MLBW FORMULA% BELOW 2.48 KEV
EVALUATION OF JENDL-2 WAS PERFORMED AS FOLLOWS :
NEUTRON WIDTHS AND AVERAGE RADIATION WIDTH FOR THE _TWO
POSITIVE LEVELS AT 519 AND 580 EV WERE TAKEN FROM THE DATA
GIVEN BY MUGHABGHAB ET AL./3/ THE SIX RESONANCE LEVELS FROM
1.164 TO 2.12 KEV WERE ABANDONED, BECAUSE THEIR 1SOTOPIC
ASSIGNMENT WAS UNCERTAIN. THE VALUE OF AVERAGE RADIATION
WIDTH WAS MODIFIED TO 121 MEV SO AS TO REPRODUCE THE NEUTRON
RESONANCE CAPTURE INTEGRAL OF 2.43+-0.2 BARNS GIVEN BY
MUGHABGHAB ET AL. THE VALUES OF NEUTRON ORBITAL ANGULAR
MOMENTUM L AND TOTAL SPIN J WERE ASSUMED TO BE 0 AND 0.5,
RESPECTIVELY. SCATTERING RADIUS WAS ALSO TAKEN FROM THE GRAPH
&FIG. 1, PART AB GIVEN BY MUGHABGHAB ET AL. A NEGATIVE
ESONANCE WAS ADDED AT -150 EV SO AS TO REPRODUCE THE THERMAL
CAPTURE CROSS SECTION OF 0.110+-0.015 BARNS/3/.
FOR JENDL-3, ANY MODIFICATION WAS NOT MADE, BECAUSE NEW
MEASUREMENTS HAVE NOT BEEN CARRIED OUT.
UNRESOLVED RESONANCE REGION : 2.48 KEV - 100 KEV
UNRESOLVED RESONANCE PARAMETERS WERE ADOPTED FROM JENDL-2.
THE NEUTRON STRENGTH FUNCTIONS, SO, S1 AND S2 WERE CALCULATED
WITH OPTICAL MODEL CODE CASTHY/4/. THE OBSERVED LEVEL SPACING
WAS DETERMINED TO REPRODUCE THE CAPTURE CROSS SECTION
CALCULATED WITH CASTHY. THE EFFECTIVE SCATTERING RADIUS WAS
OBTAINED FROM FITTING TO THE CALCULATED TOTAL CROSS SECTION AT
100 KEV.
TYPICAL VALUES OF THE PARAMETERS AT 70 KEV:
SO = 0.580E-4, S1 = 2.920E-4, S2 = 0.650E-4, SG = 0.553E-4,
GG = 0.200 EV, R = 7.061 FM.
CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES. INTEG.
TOTAL 6.269
ELASTIC 6.159 -
CAPTURE 0.1100 2.42
MF = 3 NEUTRON CROSS SECTIONS
BELOW 100 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/5/ STANDING ON A PREE%UILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR_NEUTRON GIVEN IN _TABLE 1 WERE
DETERMINED TO REPRODUCE A SYSTEMATIC TREND OF THE TOTAL CROSS
SECTION BY CHANGING RO, RS AND RSO OF I11JIMA-KAWAI POTENTIAL/6/.
THE OMP*S FOR CHARGED PARTICLES ARE AS FOLLOWS:
PROTON = PEREY/7/
ALPHA = HUIZENGA AND 1G60/8/
DEUTERON = LOHR AND HAEBERLI1/9/
HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/10/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/11/ WERE EVALUATED BY I11JIMA ET AL./12/ MOR
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
EégﬁMETER IN THE ENERGY RANGE BELOW E-JOINT 1S DUE TO GRUPPELAAR

MT 1 OTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT = 4, 51 - 91 INELASTIC SCATTERING
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS TAKEN FROM REF./14/.



NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 0 +
1 0.8820 2+
2 1.8340 0 +
3 19000 2+
4 2.0860 4+
5 2.3370 4+
6 2.6260 2+
7 2.7050 3 -
8 2.7590 1+
9 2.7750 2 4+
10 3.0480 3 4+
11 3.2250 1 -
12 3.3350 2 -
13 3.4770 1 -
14 3.5700 3 -
15 3.6500 5 -
16 3.7210 3 -
LEVELS ABOVE 3.795 MEV WERE ASSUMED TO BE OVERLAPPING.
MT = 102 CAPTURE
SPHERTICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI
AND REFF0/15/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.
THE GAMMA-RAY STRENGTH FUNCTION 50.533E—04; WAS ADJUSTED TO
REPRODUCE THE CAPTURE CROSS SECTION OF 38.7 MILLI-BARNS AT 30
KEV MEASURED BY WALTER ET AL./16/
MT = 16 (N,2N) CROSS SECTION
MT = 17 (N.3N) CROSS SECTION
MT = 22 (N.N'A) CROSS SECTION
MT = 28 N,N'Pg CROSS SECTION
MT =103 (N.P) CROSS SECTION
MT =104 (N.D) CROSS SECTION
MT =105 (N.T) CROSS SECTION
MT =107 (N.A PHA% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE PEGASUS.
THE KALBACH®S CONSTANT = 254.6% WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIK u HI-KAWIA1*S FORMALISM/17/ AND LEVEL
DENSITY PARAMETERS.
FINALLY, THE (N,P) AND @N ALPHAa CROSS SECTIONS WERE
NORMALIZED TO THE FOLLO ING VALUES AT 14.
N,PE ; MB (SYSTEMATICS OF FORREST/18/)
N.ALPHA) 3.33 MB (SYSTEMATICS OF FORREST)
MT = 251 MU-BAR
CALCULATED WITH CASTHY/4/.
MF = 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUTIONS ARE
GIVEN IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRETE INELAS
TIC LEVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. THEY WERE
CALCULATED WITH CASTHY. FOR OTHER REACTIONS, ISOTROPIC DISTRI-
BUTIONS IN THE LABORATORY SYSTEM WERE ASSUMED.
MF = 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR
OTHER NEUTRON EMITTING REACTIONS.
TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS
DEPTH (MEV) RADIUS(FM) DIFFUSENESS(FM)
R 46 0-0.25E RO = 5.7 AO = 0.62
Ws = RS = 6.2 AS = 0.35
VS0= RSO= 5.7 ASO= 0.62
THE FORM OF SURFACE ABSORPTION PART 1S DER. WOODS-SAXON TYPE.
TABLE 2 LEVEL DENSITY PARAMETERS
NUCLIDE SYST A(1/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING
34-SE- 80 1.334E+01 8.130E-01 6.129E-01 9.136E+00 3.000E+00
34-SE- 81 1.368E+01 7.490E-01 2.463E+00 6.614E+00 1.430E+00
34-SE- 82 1.259E+01 7.980E-01 3.563E-01 8.246E+00 2.890E+00
34-SE- 83 1.381E+01 7.500E-01 2.666E+00 6.708E+00 1.430E+00



35-BR- 81 1.290E+01 8.310E-01 3.275E+00 7.733E+00 1.570E+00
35-BR- 82 1.266E+01 6.900E-01 5.789E+00 3.665E+00 0.0

35-BR- 83 1.324E+01 7.830E-01 2.683E+00 6.978E+00 1.460E+00
35-BR- 84 * 1.302E+01 7.738E-01 1.393E+01 5.216E+00 0.0

36-KR- 82 1.319E+01 7.810E-01 4.961E-01 8.191E+00 2.740E+00
36-KR- 83 1.483E+01 6.700E-01 2.532E+00 5.589E+00 1.170E+00
36-KR- 84 9.970E+00 9.600E-01 4.942E-01 8.590E+00 2.630E+00
36-KR- 85 1.024E+01 8.900E-01 1.570E+00 6.261E+00 1.170E+00

SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.

SPIN CUTOFF PARAMETERS WERE CALCULATED AS 146*SQRT§A3*A**E2/3)
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT WER
ASSUMED TO BE 4.937 FOR KR- 84 AND 3.125 FOR KR- 85.
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MAT number = 3646

36-KR- 85 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90
HISTORY
84-10 EVALUATION FOR JENDL-2 WAS MADE BY JNDC FPND W.G./1/
90-03 MODIFICATION FOR JENDL-3 WAS MADE/2/.
MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY
MF = 2 RESONANCE PARAMETERS
MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS
NO RESOLVED RESONANCE PARAMETERS
UNRESOLVED RESONANCE REGION : 1.0 KEV - 100 KEV
UNRESOLVED RESONANCE PARAMETERS WERE ADOPTED FROM JENDL-2.
THE NEUTRON STRENGTH FUNCTIONS, SO, S1 AND S2 WERE CALCULATED
WITH OPTICAL MODEL CODE CASTHY/3/. THE OBSERVED LEVEL SPACING
WAS DETERMINED TO REPRODUCE THE CAPTURE CROSS SECTION
CALCULATED WITH CASTHY. THE EFFECTIVE SCATTERING RADIUS WAS
gggA&EED FROM FITTING TO THE CALCULATED TOTAL CROSS SECTION AT

TYPICAL VALUES OF THE PARAMETERS AT 70 KEV:
SO0 = 0.580E-4, S1 . S2 = 0.650E-4, SG = 3.60E-4,
GG = 0.200 EV, R = 7.056 FM.

1
N
©
N
o
m

]
N

CALCULATED 2200-M/S CROSS SECTIONS AND RES INTEGRALS (BARNS)
2200 M/S ES. INTEG.
TOTAL 7.916
ELASTIC 6.256 -

CAPTURE 1.660 1.82
= 3 NEUTRON CROSS SECTIONS
BELOW 1.0 KEV, THE CAPTURE AND ELASTIC SCATTERING CROSS SECTIONS
WERE ASSUMED TO BE IN 1/V FORM AND CONSTANT, RESPECTIVELY. T
CAPTURE CROSS SECTION AT 0.0253 EV WAS TAKEN FROM REF./4/, AND
THE SCATTERING CROSS SECTION WAS ESTIMATED BY ASSUMING R = 6
FM. UNRESOLVED RESONANCE PARAMETERS WERE GIVEN IN THE ENERGY
RANGE FROM 1.0 KEV TO 100 KEV.
ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/5/ STANDING ON A PREESUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN IN TABLE 1 WERE
DETERMINED TO REPRODUCE A SYSTEMATIC TREND OF THE TOTAL CROSS
SECTION BY CHANGING RO, RS AND RSO OF 11JIMA-KAWAI POTENTIAL
/6/. THE OMP®"S FOR CHARGED PARTICLES ARE AS FOLLOWS:

PROTON = PEREY/7/

ALPHA = HUIZENGA AND 1G0/8/

DEUTERON = LOHR AND HAEBERLI1/9/

HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/10/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/11/ WERE EVALUATED BY I11JIMA ET AL./12/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
5QE§METER IN THE ENERGY RANGE BELOW E-JOINT IS DUE TO GRUPPELAAR

MT =1 OTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT = 4, 51 - 91 INELASTIC SCATTERING
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS TAKEN FROM REF./14/.
NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 9/2 +
1 0.3049 1/2 -
2 1.1073 3/2 -
3 1.1408 5/2 +
4 1.1666 3/2 +
5 1.2239 3/2 -
6 1.3427 3/2 +
7 1.4168 5/2 +
8 1.8737 5/2 +
9 1.9389 5/2 -



10 2.0319 5/2 -
11 2.1374 3/2 -
12 2.4634 5/2 -
LEVELS ABOVE 2.7 MEV WERE ASSUMED TO BE OVERLAPPING.

MT = 102 CAPTURE

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI
AND REFF0/15/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.
THE GAMMA-RAY STRENGTH FUNCTION $3 86E-04) WAS DETERMINED FROM
THE SYSTEMATICS OF RADIATION WIDTH (0.193 EV) AND THE AVERAGE
S-WAVE RESONANCE LEVEL SPACING (500 EV) CALCULATED FROM THE
LEVEL DENSITY PARAMETERS.
MT = 16 N,2N) CROSS SECTION
MT = 17 N,3N) CROSS SECTION
MT = 22 N,N*"A) CROSS SECTION
MT = 28 N,N*P) CROSS SECTION
MT = 32 N,N"D) CROSS SECTION
MT =103 N,P ROSS SECTION
MT =104 N,D) CROSS SECTION
MT =105 N,T) CROSS SECTION
MT =107 N,A PHA% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE PEGASUS.
THE KALBACH®S CONSTANT K é‘ 381.7) WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWAT"S FORMALISM/16/ AND LEVEL
DENSITY PARAMETERS.
FINALLY, THE (N,P) AND &N,ALPHA& CROSS SE TIONS WERE
NORMALIZED TO THE FOLLO ING VALUES AT 14.5 MEV:
N,PE MB (SYSTEMATICS OF FORREST/17/)
N,ALPHA) 2 07 MB (SYSTEMATICS OF FORREST)
MT = 251 MU-BAR
CALCULATED WITH CASTHY.
MF = 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUTIONS ARE
GIVEN IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRETE INELAS-
TIC LEVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. THEY WERE
CALCULATED WITH CASTHY. FOR OTHER REACTIONS, ISOTROPIC DISTRI-
BUTIONS IN THE LABORATORY SYSTEM WERE ASSUMED.
MF = 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR

OTHER NEUTRON EMITTING REACTIONS.
TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS

DEPTH (MEV) RADIUS(FM) DIFFUSENESS (FM)
V = 46.0-0.25E RO = 5.7 A0 = 0.62
WS = 7.0 RS = 6.2 AS = 0.35
VS0= 7.0 RSO= 7 ASO= 0.62

5.
THE FORM OF SURFACE ABSORPTION PART IS DER. WOODS-SAXON TYPE.
TABLE 2 LEVEL DENSITY PARAMETERS
NUCLIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING

34-SE- 81 1.368E+01 7.490E-01 2.463E+00 6.614E+00 1.430E+00
34-SE- 82 1.259E+01 7.980E-01 3.563E-01 8.246E+00 2.890E+00
34-SE- 83 1.381E+01 7.500E-01 2.666E+00 6.708E+00 1.430E+00
34-SE- 84 * 8.736E+00 7.738E-01 6.479E-02 4.692E+00 2.360E+00
35-BR- 82 1.266E+01 6.900E-01 5.789E+00 3.665E+00 0.0

35-BR- 83 1.324E+01 7.830E-01 2.683E+00 6.978E+00 1.460E+00
35-BR- 84 * 1.302E+01 7.738E-01 1.393E+01 5.216E+00 0.0

35-BR- 85 1.100E+01 7.000E-01 7.248E-01 3.841E+00 9.300E-01
36-KR- 83 1.483E+01 6.700E-01 2.532E+00 5.589E+00 1.170E+00
36-KR- 84 9.970E+00 9.600E-01 4.942E-01 8.590E+00 2.630E+00
36-KR- 85 1.024E+01 8.900E-01 1.570E+00 6.261E+00 1.170E+00
36-KR- 86 9.052E+00 8.686E-01 2.185E-01 5.874E+00 2.100E+00

SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.



N CUTOFF PARAMETERS WERE CALCULATED AS 0.146*SQRT§A3*A**E2/3).
THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT 0 MEV WER
UMED TO BE 3.125 FOR KR- 85 AND 4.225 FOR KR- 86
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MAT number = 3649

36-KR- 86 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90

STORY

-10 EVALUATION FOR JENDL-2 WAS MADE BY JNDC FPND W.G./1/

-03 MODIFICATION FOR JENDL-3 WAS MADE/2/.

MF = 1 GENERAL INFORMATION

MT=451 COMMENTS AND DICTIONARY

= 2 RESONANCE PARAMETERS

MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS

RESOLVED RESONANCE REGION (MLBW FORMULA% BELOW 640 KEV
EVALUATION OF RESONANCE ENERGIES, NEUTRON WIDTHS, NEUTRON
ORBITAL ANGULAR MOMENTUM L _AND TOTAL SPIN J WAS BASED ON THE
DATA MEASURED BY CARLTON ET AL./3/ AND BY RAMAN ET AL./4/
RADIATION WIDTHS FOR THE 12 RESONANCE LEVELS IN THE ENERGY
RANGE FROM 19.238 TO 88.329 KEV WERE TAKEN FROM THE DATA BY
RAMAN ET AL. THE VALUE OF AVERAGE RADIATION WIDTH WAS
DETERMINED SO THAT THE AVERAGE CAPTURE CROSS SECTION AROUND
640 KEV_MIGHT AGREE WITH THAT CALCULATED BY CASTHY/5/, AND
THUS OBTAINED AVERAGE RADIATION WIDTH WAS ADOPTED FOR THE
RESONANCE LEVELS WHOSE RADIATION WIDTH WAS UNKNOWN.
SCATTERING RADIUS WAS TAKEN FROM THE GRAPH (FIG. 1, PART AB
GIVEN BY MUGHABGHAB ET AL./6/ A NEGATIVE RESONANCE WAS ADDED
AT -20 KEV SO AS TO REPRODUCE THE THERMAL CAPTURE CROSS
SECTION OF 3 MB GIVEN BY MUGHABGHAB ET AL.

NO UNRESOLVED RESONANCE REGION
CALCULATED 2200- M/SZSSSSS/SECTIONS AND RES. INTEGRALS (BARNS)

RES. INTEG.
TOTAL 6.153 -
ELASTIC 6.150 -
CAPTURE 0.003000 0.0232

MF = 3 NEUTRON CROSS SECTIONS

BELOW 640 KEV, RESOLVED RESONANCE PARAMETERS WERE GIVEN.
ABOVE 640 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY/5/, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/7/ STANDING ON A PREEBUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN IN TABLE 1 WERE
DETERMINED TO REPRODUCE A SYSTEMATIC TREND OF THE TOTAL CROSS
SECTION BY CHANGING RO, RS AND RSO OF T1JIMA-KAWAI POTENTIAL/8/.
THE OMP*S FOR CHARGED PARTICLES ARE AS FOLLOWS:

PROTON = PEREY/9/

ALPHA = HUIZENGA AND 1G0/10/

DEUTERON = LOHR AND HAEBERLI/11/

HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/12/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/13/ WERE EVALUATED BY I11JIMA ET AL./14/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
5QE§METER IN THE ENERGY RANGE BELOW E-JOINT 1S DUE TO GRUPPELAAR

MT = 1 TOTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

51 - 91 INELASTIC SCATTERING

= 4,
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS TAKEN FROM REF./16/.
NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 0 +
1 .5646 2 4+
2 2.2480 4 +
3 2.3496 2 0+
4 2.7330 0 +
5 2.8502 3+
6 2.9262 2 4+
7 3.0992 3 -
8 3.5420 0 +
9 3.8320 0 +
10 3.9590 4 +
LEVELS ABOVE 4.072 MEV WERE ASSUMED TO BE OVERLAPPING.



MT = 102 CAPTURE
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI
AND REFFO0/17/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.
THE GAMMA-RAY STRENGTH FUNCTION §3 55E-6) WAS ADJUSTED TO
REPRODUCE THE CAPTURE CROSS SECTION OF 2.5 MILLI-BARNS AT 100
KEV MEASURED BY WALTER/18/

MT = 16 N,2N) CROSS SECTION

MT = 17 N,3N) CROSS SECTION

MT = 22 N,N*"A) CROSS SECTION

MT = 28 N,N*P) CROSS SECTION

MT =103 N,P ROSS SECTION

MT =104 N,D) CROSS SECTION

MT =105 N,T) CROSS SECTION

MT =107 N,A PHA% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEgUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE
PEGASUS/7/.
THE KALBACH®S CONSTANT K (= 352.9) WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWAT®"S FORMALISM/19/ AND LEVEL
DENSITY PARAMETERS.
FINALLY, THE (N,P) AND @N ALPHAa CROSS SECTIONS WERE
NORMALIZED TO THE FOLLO ING VALUES AT 14.

N,PE MB (RECOMMENDED BY FORREST/ZO/
N,ALPHA) 1 27 MB (SYSTEMATICS OF FORREST/20/

MT = 251 MU-BAR

CALCULATED WITH CASTHY.
MF = 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUTIONS ARE

GIVEN IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRETE INELAS

TIC LEVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. THEY WERE

CALCULATED WITH CASTHY. FOR OTHER REACTIONS, ISOTROPIC DISTRI-

BUTIONS IN THE LABORATORY SYSTEM WERE ASSUMED.

MF = 5 EN RGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR

OTHER NEUTRON EMITTING REACTIONS.
TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS

DEPTH (MEV) RADIUS(FM) DIFFUSENESS (FM)
vV = 46 0-0.25E RO = 5.7 A0 = 0.62
WS = RS = 6.2 Ag = O.gg

VS0= 7.0 RSO0= 5.7 0= 0
THE FORM OF SURFACE ABSORPTION PART IS DER. WOODS-SAXON TYPE.
TABLE 2 LEVEL DENSITY PARAMETERS

NUCLIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING
34-SE- 82 1.259E+01 7.980E-01 3.563E-01 8.246E+00 2.890E+00
34-SE- 83 1.381E+01 7.500E-01 2.666E+00 6.708E+00 1.430E+00
34-SE- 84 * 8.736E+00 7.738E-01 6.479E-02 4.692E+00 2.360E+00
34-SE- 85 * 9.605E+00 7.647E-01 3.056E-01 4.293E+00 1.430E+00
35-BR- 83 1.324E+01 7.830E-01 2.683E+00 6.978E+00 1.460E+00
35-BR- 84 * 1.302E+01 7.738E-01 1.393E+01 5.216E+00 0.0
35-BR- 85 1.100E+01 7.000E-01 7.248E-01 3.841E+00 9.300E-01
35-BR- 86 * 9.718E+00 7.558E-01 1.999E+00 2.830E+00 0.0
36-KR- 84 9.970E+00 9.600E-01 4.942E-01 8.590E+00 2.630E+00
36-KR- 85 1.024E+01 8.900E-01 1.570E+00 6.261E+00 1.170E+00
36-KR- 86 9.052E+00 8.686E-01 2.185E-01 5.874E+00 2.100E+00
36-KR- 87 9.400E+00 8.860E-01 8.826E-01 5.481E+00 1.170E+00
SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.
SPIN CUTOFF PARAMETERS WERE CALCULATED AS 146*SQRT§A3*A**E2/3).
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT WER
ASSUMED TO BE 4.225 FOR KR- 86 AND 5.0 FOR KR- 87.
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T number = 3725
7-RB- 85 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90
HISTORY
84-10 EVALUATION FOR JENDL-2 WAS MADE BY JNDC FPND W.G./1/
90-03 MODIFICATION FOR JENDL-3 WAS MADE/2/.
MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY
= 2 RESONANCE PARAMETERS
MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS
RESOLVED RESONANCE REGION (MLBW FORMULA& BELOW 8.468 KEV
RESONANCE PARAMETERS OF JENDL-2 WERE MODIFIED AS FOLLOWS :
EVALUATION OF JENDL-2 WAS PERFORMED ON THE BASIS OF THE DATA
MEASURED BY OHKUBO ET AL./3/ AMONG 138 LEVELS MEASURED IN THE
ENERGY REGION UP TO 18.6 KEV, 116 RESONANCE LEVELS WERE
ASSUMED TO BE S-WAVE, AND REMAINING 22 LEVELS WERE ESTIMATED
TO BE P-WAVE. NEUTRON WIDTHS OF ALL LEVELS WERE DETERMINED
FROM THE 2G*(NEUTRON WIDTH EASURED BY OHKUBO ET AL.
HOWEVER, THE VALUE OF TOTA SPIN J FOR EACH RESONANCE LEVEL
WAS UNKNOWN EXCEPT 13 LEVELS ASSIGNED BY OHKUBO ET AL., AND

THE TARGET SPIN OF 2.5 WAS ADOPTED AS J FOR J-UNKNOWN LEVELS.
RADIATION WIDTHS WERE OBTAINED FOR 10 LEVELS BELOW 2.6 KEV
FROM THE MEASUREMENT BY OHKUBO ET AL. AVERAGE RADIATION WIDTH
WAS ALSO ESTIMATED TO BE 328+-18 MEV BY OHKUBO ET AL., AND WAS
ADOPTED FOR THE OTHER LEVELS. A NEGATIVE RESONANCE WAS ADDED
AT -943 EV SO AS TO REPRODUCE THE THERMAL CAPTURE CROSS
SECTION OF 480+-10 MB GIVEN BY MUGHABGHAB ET AL./4/

FOR JENDL-3, THE TOTAL SPIN J OF 125 RESONANCE LEVELS WAS
TENTATIVELY ESTIMATED WITH A RANDOM NUMBER METHOD. NEUTRON
WIDTHS OF THESE LEVELS WERE MODIFIED ON THE BASIS OF THE
ESTIMATED J VALUES. NEUTRON AND RADIATION WIDTHS OF THE
NEGATIVE RESONANCE LEVEL WERE ALSO MODIFIED SO AS TO REPRODUCE
THE THERMAL CAPTURE CROSS SECTION ACCORDING TO THE ABOV
MODIFICATION OF THE NEUTRON WIDTHS. SCATTERING RADIUS WAS
XﬁKEN FROM THE GRAPH (FIG. 1, PART A) GIVEN BY MUGHABGHAB ET
UNRESOLVED RESONANCE REGION : 8.468 KEV - 100 KEV
UNRESOLVED RESONANCE PARAMETERS WERE ADOPTED FROM JENDL-2.
THE NEUTRON STRENGTH FUNCTION, SO, WAS TAKEN FROM THE
RECOMMENDATION IN REF./5/, AND S1 AND S2 WERE CALCULATED WITH
OPTICAL MODEL CODE CASTHY/6/. THE OBSERVED LEVEL SPACING WAS
DETERMINED TO REPRODUCE THE CAPTURE CROSS SECTION CALCULATED
WITH CASTHY. THE EFFECTIVE SCATTERING RADIUS WAS OBTAINED
FROM FITTING TO E CALCULATED TOTAL CROSS SECTION AT 100 KEV.
TYPICAL VALUES OF THE PARAMETERS AT 70 KEV:
SO = 1.000E-4, S1 = 2.920E-4, S2 = 0.650E-4, SG = 21.4E-4,
GG = 0.205 EV, R = 6 828 FM

CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES. INTEG.

TOTAL 6.334
ELASTIC 5.854 -
CAPTURE 0.4800 8.73
MF = 3 NEUTRON CROSS SECTIONS
BELOW 100 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/7/ STANDING ON A PREEBUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN IN TABLE 1 WERE
DETERMINED TO REPRODUCE A SYSTEMATIC TREND OF THE TOTAL CROSS
SECTION BY CHANGING RO, RS AND RSO OF T1JIMA-KAWAI POTENTIAL/8/
THE OMP"S FOR CHARGED PARTICLES ARE AS FOLLOWS:
PROTON = PEREY/9/
ALPHA = HUIZENGA AND 1G0/10/
DEUTERON = LOHR AND HAEBERLI/11/
HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/12/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/13/ WERE EVALUATED BY I11JIMA ET AL./14/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
ER IN THE ENERGY RANGE BELOW E-JOINT IS DUE TO GRUPPELAAR



MT 1 TOTA
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT = 4, 51 - 91 INELASTIC SCATTERING
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS TAKEN FROM REF./16/.
ENERGY (MEV) SPIN-PARITY
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THE KALBA CONSTANT K (= 281.4% WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWAT"S FORMALISM/19/ AND LEVEL
DENSITY PARAMETERS.
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NORMALIZED TO THE G VALUES AT 14.5 MEV:
N,2N) 1050.00 MB (RECOMMENDED BY BYCHKOV+/20/)
17.40 MB (SYSTEMATICS OF FORREST/21/
A PHA) 6.65 MB (RECOMMENDED BY FORREST/21/
MT = 251 MU-BAR
CALCULATED WITH CASTHY.
MF = 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUTIONS ARE
GIVEN IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRETE INELAS
TIC LEVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. THEY WERE
CALCULATED WITH CASTHY. FOR OTHER REACTIONS, ISOTROPIC DISTRI-
BUTIONS IN THE LABORATORY SYSTEM WERE ASSUMED.
MF = 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR

OTHER NEUTRON EMITTING REACTIONS.
TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS

DEPTH (MEV) RADIUS(FM) DIFFUSENESS (FM)
V = 46.0-0.25E RO = 5.7 A0 = 0.62
WS = 7.0 RS = 6.2 AS = 0.35
VS0= 7.0 RSO= ASO= 0.62

5.7
THE FORM OF SURFACE ABSORPTION PART IS DER. WOODS-SAXON TYPE.
TABLE 2 LEVEL DENSITY PARAMETERS
NUCLIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING



35-BR- 81 1.290E+01 8.310E-01 3.275E+00 7.733E+00 1.570E+00
35-BR- 82 1.266E+01 6.900E-01 5.789E+00 3.665E+00 0.0
35-BR- 83 1.324E+01 7.830E-01 2.683E+00 6.978E+00 1.460E+00
35-BR- 84 * 1.302E+01 7.738E-01 1.393E+01 5.216E+00 0.0
36-KR- 82 1.319E+01 7.810E-01 4.961E-01 8.191E+00 2.740E+00
36-KR- 83 1.483E+01 6.700E-01 2.532E+00 5.589E+00 1.170E+00
36-KR- 84 9.970E+00 9.600E-01 4.942E-01 8.590E+00 2.630E+00
36-KR- 85 1.024E+01 8.900E-01 1.570E+00 6.261E+00 1.170E+00
37-RB- 83 * 1.400E+01 7.831E-01 3.730E+00 7.579E+00 1.570E+00
37-RB- 84 1.106E+01 8.060E-01 5.598E+00 4.438E+00 0.0
37-RB- 85 1.190E+01 8.690E-01 2.827E+00 7.561E+00 1.460E+00
37-RB- 86 1.002E+01 8.500E-01 3.954E+00 4.312E+00 0.0

SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.

SPIN CUTOFF PARAMETERS WERE CALCULATED AS 0.146*SQRT§A3*A**E2/3).
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT 0 MEV WER
ASSUMED TO BE 4.75 FOR RB- 85 AND 5.0 FOR RB- 86.

REFERENCES
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RADIUS WAS TAKEN FROM THE GRAPH (FIG. 1,
GHABGHAB ET AL.

REGION : 12.46 KEV - 100 KEV

E PARAMETERS WERE ADOPTED FROM JENDL-2.

H FUNCTION, SO, WAS TAKEN FROM THE

EF./5/, AND S1 AND S2 WERE CALCULATED WITH
CASTHY/6/. THE OBSERVED LEVEL SPACING WERE
DUCE THE CAPTURE CROSS SECTION CALCULATED
FFECTIVE SCATTERING RADIUS WAS OBTAINED
CALCULATED TOTAL CROSS SECTION AT 100 KEV.
GG WAS BASED ON THE COMPILATION OF BNL-325

D
D
Y
E

ARAMETERS AT 70 KEV:
20E-4, S2 0.650E-4,
23 FM.

SECTIONS AND RES.
S RE

SG 0.987E-4,

PAR
2.9
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0SS INTEGRALS (BARNS)
0 M/ S. INTEG.

.479
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.120 2.72
C
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M ASTHY
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SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

= 2 ELASTIC SCATTERING

MT
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT = 4, 51 - 91

INELASTIC SCATTERING

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS

MT

PE
oT

TABL

TH
TABL
NUC

ADOPTED. THE LEVEL SCHEME WAS TAKEN FROM REF./16/.

NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 3/2 -

1 .4030 5/2 -

2 0.8458 1/2 -

3 1.4630 3/2 -

4 1.5785 9/2 +

5 1.7410 5/2 -

6 2.4150 7/2 +

7 2.5560 5/2 +

LEVELS ABOVE 2.811 MEV WERE ASSUMED TO BE OVERLAPPING.

= 102 CAPTURE

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI
AND REFF0/17/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV
THE GAMMA-RAY STRENGTH FUNCTION 51.125E—04& WAS ADJUSTED TO
REPRODUCE THE CAPTURE CROSS SECTION OF 30 MILLI-BARNS AT 25
KEV MEASURED BY KONONOV ET AL./18/ FINALLY, THE CROSS SECTION
WAS MODIFIED BY MULTIPLYING AN ENERGY-DEPENDENT FACTOR SO AS
TO REPRODUCE THE EXPERIMENTAL DATA /19,20/ IN THE ENERGY
RANGE FROM 100 KEV TO 10 MEV.

= 16 N,2N) CROSS SECTION

= 17 N,3N) CROSS SECTION

= 22 N,N*"A) CROSS SECTION

= 28 N,N*P) CROSS SECTION

= 32 N,N*D) CROSS SECTION

=103 N,P ROSS SECTION

=104 N,D) CROSS SECTION

=105 N,T) CROSS SECTION

=107 N,A PHA% CROSS SECTION

THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE PEGASUS.
THE KALBACH™S CONSTANT K (= 322.2% WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWAT"S FORMALISM/21/ AND LEVEL

DENSITY PARAMETERS.

F NALLY, THE (N, ZNE
1ZED TO THE FOLL
1300 00
.80
3 80

& AND SN ,ALPHA) CROSS SECTIONS WERE
G VALUES AT 14.5 MEV:
RECOMMENDED BY BYCHKOV+/22/)
RECOMMENDED BY FORREST/23/)

N,P
owl
MB
MB
MB (RECOMMENDED BY FORREST)

NV\;U

F_SECONDARY NEUTR
NTS FOR ANGULAR D

0 ON
IE 1S
SYSTEM FOR MT=2 AND
: E

) v

D IN THE_LAB RATORY SYSTEM FOR M
H CASTHY. F 5 OTHER REACTIONS,

S
T
C D
N 9
T 0
E LABORATORY STEM WERE ASSUMED.
D
B
N

R
1
1.
SOTR

m

=

_‘

m

o

o

T

=

>

7
»NnoomoOwm

A

TRIBUTIONS OF SECONDARY NEUTRONS

IONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
GASUS FOR LASTIC SCATTERING FROM OVERLAPPING LEVELS AND FOR
HER NEUTRON EMITTING REACTIONS.

E 1 NEUTRON OPTICAL POTENTIAL PARAMETERS
DEPTH (MEV) RADIUS(FM)

46.0-0.25E
7.0

S0= 7.0 RSO
E FORM OF SURFACE ABSORPTION PART

E 2 LEVEL DENSITY PARAMETERS
LIDE SYST A(L/MEV) T(MEV)

DIFFUSENESS (FM)

el
w
o

5.7 ASO
IS DER. WOODS-SAXON TYPE.

C(1/MEV) EX(MEV)  PAIRING



35-BR- 83 1.324E+01 7.830E-01 2.683E+00 6.978E+00 1.460E+00
35-BR- 84 * 1.302E+01 7.738E-01 1.393E+01 5.216E+00 0.0
35-BR- 85 1.100E+01 7.000E-01 7.248E-01 3.841E+00 9.300E-01
35-BR- 86 * 9.718E+00 7.558E-01 1.999E+00 2.830E+00 0.0
36-KR- 84 9.970E+00 9.600E-01 4.942E-01 8.590E+00 2.630E+00
36-KR- 85 1.024E+01 8.900E-01 1.570E+00 6.261E+00 1.170E+00
36-KR- 86 9.052E+00 8.686E-01 2.185E-01 5.874E+00 2.100E+00
36-KR- 87 9.400E+00 8.860E-01 8.826E-01 5.481E+00 1.170E+00
37-RB- 85 1.190E+01 8.690E-01 2.827E+00 7.561E+00 1.460E+00
37-RB- 86 1.002E+01 8.500E-01 3.954E+00 4.312E+00 0.0
37-RB- 87 8.806E+00 9.410E-01 1.125E+00 5.465E+00 9.300E-01
37-RB- 88 9.801E+00 8.185E-01 2.880E+00 3.704E+00 0.0

SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.

SPIN CUTOFF PARAMETERS WERE CALCULATED AS 0.146*SQRT§A3*A**E2/3).
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT 0 MEV WER
ASSUMED TO BE 5.214 FOR RB- 87 AND 5.0 FOR RB- 88.
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MAT number = 3831
38-SR- 86 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90

ATION FOR JENDL-2 WAS MADE BY JNDC FPND W.G./1/
ICATION FOR JENDL-3 WAS MADE/2/.
RAL INFORMATION

MENTS AND DICTIONARY

NANCE PARAMETERS

OLVED AND UNRESOLVED RESONANCE PARAMETERS

ESONANCE REGION (MLBW FORMULA) : BELOW 37.12 KEV

LVED RESONANCE PARAMETERS FOR JENDL-3 WERE TAKEN FROM
WHICH WAS EVALUATED ON THE BASIS OF THE MEASURED DATA
DA ET AL./3/ AND MUSGROVE ET AL./4/ THOSE OF THE
SONANCE LEVEL AT 588.4 EV WERE ADJUSTED SO AS TO

CE THE CAPTURE CROSS SECTION OF 1.04+-0.07 BARNS AT

EV AND ITS RESONANCE INTEGRAL OF 4.79+-0.24 BARNS GIVEN
ABGHAB ET AL./5/ SCATTERING RADIUS WAS ALSO MODIFIED
FM ON THE BASIS OF THE GRAPH (FIG.1, PART A) OF

OV Zmrol

.12 KEV - 100 KEV

S WERE ADOPTED FROM JENDL-2.

, S0, S1 AND S2 WERE CALCULATED
/6/. THE OBSERVED LEVEL SPACING
E CAPTURE CROSS SECTION

FFECTIVE SCATTERING RADIUS WAS
ALCULATED TOTAL CROSS SECTION AT
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0.740E-4, S1 = 3.500E—4, S2 = 0.360E-4, SG = 1.23E-4,
0.324 EV, R = 7.436 FM.

CALCULATED 2200-M/S CROSS SECTIONS AND RES INTEGRALS (BARNS)
2200 _M/S ES. INTEG.
TOTAL 5.173 -
ELASTIC 4.133 -
CAPTURE 40 4.82

MF = 3 NEUTRON CROS
BELOW 100 KEV, REE
E

AL VALUES OF THE PARAMETERS AT 70 KEV:

ABOVE 100 KEV, TH
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MT =1 OTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

4, 51 - 91 INELASTIC SCATTERING

HERICAL OPTICAL AND STATISTICAL MODEL CALCUL
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7 2.7880 2 4+
8 2.8569 6 +
9 2.8783 3 o+
10 2.9555 8 +
11 2.9973 3 -
12 3.0557 5 -
13 3.1852 3 -
LEVELS ABOVE 3.291 MEV WERE ASSUMED TO BE OVERLAPPING.

MT = 102 CAPTURE

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI

AND REFFO0/17/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.

THE GAMMA-RAY STRENGTH FUNCTION Fl 13E-04) WAS ADJUSTED TO
REPRODUCE THE CAPTURE CROSS SECTION OF 35 MILLI-BARNS AT 100
KEV MEASURED BY MUSGROVE ET AL./4/

MT = 16 N,2N) CROSS SECTION
MT = 22 N,N*A) CROSS SECTION
MT = 28 N,N"P) CROSS SECTION
MT =103 N,P) CROSS SECTION
MT =104 N,D) CROSS SECTION
MT =105 N,T) CROSS SECTION
MT =107 N,A PHA% CROSS SECTION
MT =111 N,ZP% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEgUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE
PEGASUS.
THE KALBACH®S CONSTANT K (= 268.2) WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWAT"S FORMALISM/18/ AND LEVEL
DENSITY PARAMETERS.
FINALLY, THE (N,P) AND @N ALPHAa CROSS SECTIONS WERE
NORMALIZED TO THE FOLLO ING VALUES AT 14.
N,PZ MB (RECOMMENDED BY FORREST/19/
N,ALPHA) 10 30 MB (SYSTEMATICS OF FORREST/19/
MT = 251 MU-BAR
CALCULATED WITH CASTHY.
MF = 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUTIONS ARE
GIVEN IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRETE INELAS
TIC LEVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. THEY WERE
CALCULATED WITH CASTHY. FOR OTHER REACTIONS, ISOTROPIC DISTRI-
BUTIONS IN THE LABORATORY SYSTEM WERE ASSUMED.
MF = 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR

OTHER NEUTRON EMITTING REACTIONS.
TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS

DEPTH (MEV) RADIUS(FM) DIFFUSENESS (FM)
vV = 46 0-0.25E RO = 5.893 A0 = 0.62
WS = RS = 393 AS = 0.35
= RSO= 5.893 ASO= 0.62
THE FORM OF SURFACE ABSORPTION PART IS DER. WOODS-SAXON TYPE.

TABLE 2 LEVEL DENSITY PARAMETERS

NUCLIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING
36-KR- 82 1.319E+01 7.810E-01 4.961E-01 8.191E+00 2.740E+00
36-KR- 83 1.483E+01 6.700E-01 2.532E+00 5.589E+00 1.170E+00
36-KR- 84 9.970E+00 9.600E-01 4.942E-01 8.590E+00 2.630E+00
36-KR- 85 1.024E+01 8.900E-01 1.570E+00 6.261E+00 1.170E+00
37-RB- 83 * 1.400E+01 7.831E-01 3.730E+00 7.579E+00 1.570E+00
37-RB- 84 1.106E+01 8.060E-01 5.598E+00 4.438E+00 0.0
37-RB- 85 1.190E+01 8.690E-01 2.827E+00 7.561E+00 1.460E+00
37-RB- 86 1.002E+01 8.500E-01 3.954E+00 4.312E+00 0.0
38-SR- 84 * 1.417E+01 7.738E-01 7.392E-01 8.748E+00 2.810E+00
38-SR- 85 1.134E+01 9.100E-01 3.646E+00 7.608E+00 1.240E+00
38-SR- 86 1.120E+01 8.900E-01 5.328E-01 8.599E+00 2.700E+00
38-SR- 87 1.030E+01 8.610E-01 1.186E+00 5.938E+00 1.240E+00



SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.

SPIN CUTOFF PARAMETERS WERE CALCULATED AS 146*SQRT§A3*A**E2/3)
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT
ASSUMED TO BE 1.035 FOR SR- 86 AND 6.928 FOR SR- 87.
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T number = 3834
8-SR- 87 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90
HISTORY
84-10 EVALUATION FOR JENDL-2 WAS MADE BY JNDC FPND W.G./1/
90-03 MODIFICATION FOR JENDL-3 WAS MADE/2/.
MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY
= 2 RESONANCE PARAMETERS
MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS
RESOLVED RESONANCE REGION (MLBW FORMUL & BELOW 14.08 KEV
RESONANCE PARAMETERS OF JENDL-2 WERE MODIFIED AS FOLLOWS:
EVALUATION OF JENDL-2 WAS PERFORMED ON THE BASIS OF THE
MEASUREMENTS BY CAMARDA ET AL./3/ AND MUSGROVE ET AL./4/
NEUTRON WIDTHS WERE DERIVED FROM THE DATA OF 2G*(NEUTRON
WIDTH} AND NEUTRON CAPTURE AREAS. NEUTRON ORBITAL ANGULAR
MOMENTUM L WAS ASSUMED TO BE O FOR ALL RESONANCE LEVELS EXCEPT
THE 2ND LEVEL (L=1) AT 35.27 EV. HOWEVER, THE VALUES OF TOTAL
SPIN J WERE UNKNOWN FOR ALL RESONANCE LEVELS. THUS, TARGET
SPIN OF 4.5 WAS ADOPTED AS J VALUE. AVERAGE RADIATION WIDTH
OF 180.4 MEV WAS OBTAINED BY AVERAGING THE GIVEN RADIATION
WIDTHS. HOWEVER, THIS VALUE WAS REDUCED TO 110.72 MEV SO AS
TO REPRODUCE THE NEUTRON CAPTURE RESONANCE INTEGRAL OF 118+-30
BARNS GIVEN BY MUGHABGHAB ET AL./5/ A NEGATIVE RESONANCE WAS
ALSO ADDED AT -50 EV, AND THE PARAMETERS WERE ADJUSTED SO AS
TO REPRODUCE THE THERMAL CAPTURE CROSS SECTION OF 16+-3 BARNS
GIVEN BY MUGHABGHAB ET AL.
FOR JENDL-3, THE VALUES OF TOTAL SPIN J WERE TENTATIVELY
ESTIMATED WITH A RANDOM NUMBER METHOD. NEUTRON WIDTHS WERE
MODIFIED ON THE BASIS OF THE ESTIMATED J-VALUES. RADIATION
WIDTH OF THE NEGATIVE LEVEL WAS SLIGHTLY ADJUSTED SO AS TO
REPRODUCE THE THERMAL CAPTURE CROSS SECTION ACCORDING TO THE
MODIFICATION OF THE POSITIVE LEVELS. SCATTERING RADIUS WAS
XﬁKEN FROM THE GRAPH (FIG. 1, PART A) GIVEN BY MUGHABGHAB ET
UNRESOLVED RESONANCE REGION : 14.08 KEV - 100 KEV
UNRESOLVED RESONANCE PARAMETERS WERE ADOPTED FROM JENDL-2.
THE NEUTRON STRENGTH FUNCTIONS, SO, S1 AND S2 WERE CALCULATED
WITH OPTICAL MODEL CODE CASTHY/6/. THE OBSERVED LEVEL SPACING
WAS DETERMINED TO REPRODUCE THE CAPTURE CROSS SECTION
CALCULATED WITH CASTHY. THE EFFECTIVE SCATTERING RADIUS WAS
gggA&EED FROM FITTING TO THE CALCULATED TOTAL CROSS SECTION AT

TYPICAL VALUES OF THE PARAMETERS AT 70 KEV:
SO = 0.300E-4, S1 = 4.000E-4, S2 = 0.360E-4, SG = 4.72E-4,
GG = 0.116 EV, R = 7.414 FM.

CALCULATED 2200-M/S CROSS SECTIONS AND RES INTEGRALS (BARNS)
M/S ES. INTEG.

2200

TOTAL 22.90 -

ELASTIC 6.897 -

CAPTURE 16.00 121
= 3 NEUTRON CROSS SECTIONS
BELOW 100 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/7/ STANDING ON A PREEQUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN IN TABLE 1 WERE
DETERMINED BY I11JIMA AND KAWAI/8/ TO REPRODUCE A SYSTEMATIC
TREND OF THE TOTAL CROSS SECTION. THE OMP®"S FOR CHARGED
PARTICLES ARE AS FOLLOWS:

PROTON = PEREY/9/

ALPHA = HUIZENGA AND 1G0/10/

DEUTERON = LOHR AND HAEBERLI/11/

HELIUM-3 AND _TRITON = BECCHETTI AND GREENLEES/12/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/13/ WERE EVALUATED BY I1JIMA ET AL./14/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
EégéMETER IN THE ENERGY RANGE BELOW E-JOINT 1S DUE TO GRUPPELAAR

MT =1 OTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.



MT

2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT = 4, 51 - 91 INELASTIC SCATTERING
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS TAKEN FROM REF./16/.
NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 9/2 +
1 0.3883 1/2 +
2 0.8730 3/2 -
3 1.2290 5/2 +
4 1.2570 5/2 -
5 1.7390 13/2 +
6 1.7710 5/2 +
7 1.9210 7/2 +
LEVELS ABOVE 1.997 MEV WERE ASSUMED TO BE OVERLAPPING.

MT = 102 CAPTURE
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI
AND REFF0/17/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.
THE GAMMA-RAY STRENGTH FUNCTION 54 71E-04) WAS ADJUSTED TO
REPRODUCE THE CAPTURE CROSS SECTION OF 42 MILLI-BARNS AT 70
KEV MEASURED BY MUSGROVE ET AL./4/
MT = 16 (N,2N) CROSS SECTION
MT = 22 (N.N'A) CROSS SECTION
MT = 28 (N.N'P) CROSS SECTION
MT = 32 (N.N*D) CROSS SECTION
MT =103 (N.P) CROSS SECTION
MT =104 (N.D) CROSS SECTION
MT =105 (N.T) CROSS SECTION
MT =106 (N.H 3& CROSS SECTION
MT =107 (N.ALP A% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE PEGASUS.
THE KALBACH®S CONSTANT K (= 394.6% WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWAT"S FORMALISM/18/ AND LEVEL
DENSITY PARAMETERS.
FINALLY, THE (N,P) AND @N,ALPHA& CROSS SECTIONS WERE
NORMALIZED TO THE FOLLO ING VALUES AT 14.
N,PE MB (SYSTEMATICS OF FORREST/19/)
N.ALPHA) 6 81 MB (SYSTEMATICS OF FORREST)
MT = 251 MU-BAR
CALCULATED WITH CASTHY.
MF = 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUTIONS ARE
GIVEN IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRETE INELAS
TIC LEVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. THEY WERE
CALCULATED WITH CASTHY. FOR OTHER REACTIONS, ISOTROPIC DISTRI-
BUTIONS IN THE LABORATORY SYSTEM WERE ASSUMED
MF = 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR
OTHER NEUTRON EMITTING REACTIONS.
TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS
DEPTH (MEV) RADIUS(FM) DIFFUSENESS(FM)
R 46.0 0.25E RO = 5.893 AD = 0.62
Ws = RS = 6.393 AS = 0.35
VS0= RSO= 5.893 ASO= 0.62
THE FORM OF SURFACE ABSORPTION PART 1S DER. WOODS-SAXON TYPE.

TABLE 2
NUCLIDE

T(

LEVEL DENSITY PARAMETERS
A(L/MEV)

MEV) E

X(MEV)  PAIRING

36-KR- 83
36-KR- 84
36-KR- 85
36-KR- 86

1.483E+01
9.
1.
9.

970E+00
024E+01
052E+00

2E-01

N &

.589E+00
.590E+00
.261E+00
.874E+00

1.170E+00
.630E+00

170E+00
2.100E+00

N



37-RB- 84 1.106E+01 8.060E-01 5.598E+00 4.438E+00 0.0
37-RB- 85 1.190E+01 8.690E-01 2.827E+00 7.561E+00 1.460E+00
37-RB- 86 1.002E+01 8.500E-01 3.954E+00 4.312E+00 0.0
37-RB- 87 8.806E+00 9.410E-01 1.125E+00 5.465E+00 9.300E-01
38-SR- 85 1.134E+01 9.100E-01 3.646E+00 7.608E+00 1.240E+00
38-SR- 86 1.120E+01 8.900E-01 5.328E-01 8.599E+00 2.700E+00
38-SR- 87 1.030E+01 8.610E-01 1.186E+00 5.938E+00 1.240E+00
38-SR- 88 9.160E+00 7.510E-01 8.288E-02 4.550E+00 2.170E+00
SPIN CUTOFF PARAMETERS WERE CALCULATED AS 0.146*SQRT§A3*A**E2/3)
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT
ASSUMED TO BE 6.928 FOR SR- 87 AND 5.839 FOR SR- 88.
REFERENCES
1) AOKI, T. ET AL.: PROC. INT. CONF. ON NUCLEAR DATA FOR BASIC
AND APPLIED SCIENCE. SANTA FE.. VOL. 2, P 1627 (1985
2) KAWAL, M. ET AL.: PROC. INT. CONF. ON NUCLEAR DATA FOR SCIENCE
AND TECHNOLOGY, MITO, P. 569 (1988).
3) CAMARDA, H., ET AL.: NCSAC-31, 40 (1970).
4) MUSGROVE, A'R. DE L., ET AL.: PROC. INT. CONF. ON NEUTRON
PHYSICS AND NUCL. DATA FOR REACTORS, HARWELL 1978, 449.
5) MUGHABGHAB, S.F. ET AL.: "NEUTRON CROSS SECTIONS, VOL. I,
PART A", ACADEMIC PRESS §1981%.
6) IGARASI, S : J. NUCL. SCI. TECHNOL., 12, 67 51975)
79 T1JIMA, S. ET AL.: JAERI-M 87-025, P. 337 (1987)
8 |{gég§, S. AND KAWAT, M.: J. NUCL. SCI. TECHNOL-, 20, 77
9 SEREY, F.G: PHYS. REV. 131, 745 (196 %
10) HUIZENGA, J.R. AND IGO, G.: NUCL. PHYS. 29, 462 glgszg.
11) LOHR, J.M. AND HAEBERLi, W.: NUCL. PHYS. A232, 381 fl 74).
129 BECCHETTI, F.D., JR. AND GREENLEES, G.W.: POLARIZATION
PHENOMENA ™ IN NUCLEAR REACTIONS §§ED5) H-H. BARSHALL AND
WiggéEBERLI), P. 682, THE UNIVERSITY OF WiSCONSIN PRESS.
13) é{ggE%T, A. AND CAMERON, A.G.W.: CAN. J. PHYS., 43, 1446
14 flJlMA, S., ET AL.: J. NUCL. SCI. TECHNOL. 21, 10 (1984).
159 GRUPPELARR® H.: EGN- 13 <1977E
169 LEDERER, C.M., ET AL.: “TABLE OF ISOTOPES, 7TH ED.™, WILEY-
INTERSCIENCE PUBLICATION 1978&
17) BENZI, V. AND REFFO, G.: CDN-NW/10 &1969%.
18) KIKUCHI, K. AND KAWAI, M.: "NUCLEAR NATTER AND NUCLEAR
REACTIONS™, NORTH HOLLAND 51968g
19) FORREST, R.A.: AERE-R 12419 (1986)



MAT number =

38-SR- 88 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-SEP90 REV2-0CT93

HISTORY

84-10 EVALUATION FOR JENDL-2 WAS MADE BY JNDC FPND W.G./1/

90-03 MODIFICATION FOR JENDL-3 WAS MADE/2/.

93-10 JENDL-3.2 WAS MADE BY JNDC FPND W.G.

*kkkx MODIFIED PARTS FOR JENDL_3-2 kkhkkhkkhkhkkhkkkhkhkkhkhkkhkhkkihkkikxki*k
(2,151) RESOLVED RESONANCE PARAMETERS

ER R SRk Sk Sk R R R R SRR SRk o R R R Sk SR R R ok R ok S Sk ok o R Sk R R ok R ok ok R Sk SR R R R

MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF = 2 ESONANCE PARAMETERS

SOLVED AND UNRESOLVED RESONANCE PA

RESONANCE REGION (MLBW FORMULAE B
S

RAMETERS

B
D
SO0
ALA
1ST

D

LOW 300 KEV

WERE TAKEN FROM
THE MEASUREMENTS
ET AL./5/ AND
ND

3, RADIATION WIDTHS OF THE 1ST A 5TH RESONANCE
2.78 AND 13.8 KEV WERE MODIFIED TO 190 AND 106
LY, SO AS TO REPRODUCE THE THERMAL CAPTURE
5.8+-0.4 MB GIVEN BY ROY ET AL./7/ SCATTERING
NAS TAKEN FROM MUGHABGHAB ET AL./8/
H

D RESONANCE PARAMETERS FOR J
HICH WAS EVALUATED ON THE BA
T AL./3/, CAMARDA ET AL./4/,
T AL./6/

A
E
N 3
I F
M N

Mmoo uvom<kE

R
D
0
C
M
S
R

moo<<TIr—r=Z2X0r-o

S
AS TO RE C
TAKING ACCOUNT 0
ALLEN ET AL./9/

NO UNRESOLVED RESONANCE REGION

CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES. INTEG.

R

E
E
SOLV
L-2
UCH
EMA
R J
L

E
S S
U
R J

O ==

HESE RESONANCE PARAMETERS WERE MODIFIED SO
E CAPTURE AREA DATA MEASURED AT ORN BY
THE CORRECTION FACTOR (1.0737) ANNOUNCED BY

lww ]
n-

TOTAL 5.436

ELASTIC 5.431 -

CAPTURE 0.0058 0.0633

MF = 3 NEUTRON CROSS SECTIONS

BELOW 300 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 300 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY/10/, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/11/ STANDING ON A PREEQUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN IN TABLE 1 WERE
DETERMINED BY 11JIMA AND KAWAI/12/ TO REPRODUCE A SYSTEMATIC
TREND OF THE TOTAL CROSS SECTION THE OMP*S FOR CHARGED
PARTICLES ARE AS FOLLOWS:

PROTON = PEREY/13/

ALPHA = HUIZENGA AND 1G0/14/

DEUTERON = LOHR AND HAEBERLI1/15/

HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/16/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/17/ WERE EVALUATED BY I11JIMA ET AL./18/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
EQS¢METER IN THE ENERGY RANGE BELOW E-JOINT 1S DUE TO GRUPPELAAR

MT 1 OTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT = 4, 51 - 91 INELASTIC SCATTERING
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS TAKEN FROM REF./20/.

N ENERGY (MEV) SPIN-PARITY
G 0.0

~NOUIRWNFRITTO
WWWWWN
GOIRNE
00N 00 = UTW

AW OR
owvoiUio
TINFRNOWNO

L+ 4+ 4+ +



8 3.6344 3+
9 3.9526 4 +
10 3.9900 3 -
11 4.0355 2 4+
12 4.1701 4 -
13 4.2240 3+
14 4.2320 4 +
15 4.2693 3 -
16 4.2980 4 +
17 4.4137 3 +
18 4.4520 4 +
19 4.4840 0 +
20 4.5139 2 -
21 4.6190 2 4+
LEVELS ABOVE 4.636 MEV WERE ASSUMED TO BE OVERLAPPING.

MT 102 CAPTURE

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI
AND REFF0/21/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.
THE GAMMA-RAY STRENGTH FUNCTION SO 0375E- 04& WAS ADJUSTED TO
REPRODUCE THE CAPTURE CROSS SECTION OF 2. ILLI-BARNS AT 100
KEV MEASURED BY MUSGROVE ET AL./22,9/

MT = 16 N,2N) CROSS SECTION

MT = 17 N,3N) CROSS SECTION

MT = 22 N,N*A) CROSS SECTION

MT = 28 N,N"P) CROSS SECTION

MT =103 N,P ROSS SECTION

MT =104 N,D) CROSS SECTION

MT =105 N,T) CROSS SECTION

MT =107 N,A PHA% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE PEGASUS.
THE KALBACH®S CONSTANT K g‘ 380.2) WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWAT"S FORMALISM/23/ AND LEVEL
DENSITY PARAMETERS.
FINALLY, THE (N,P) AND &N,ALPHA& CROSS SECTIONS WERE
NORMALIZED TO THE FOLLOWING VALUES AT 14.5 ME

N,PE 15.00 MB (RECOMMENDED BY FORREST/24/
N,ALPHA) 4_45 MB (SYSTEMATICS OF FORREST/24/

MT = 251 MU-BAR

CALCULATED WITH CASTHY.
MF = 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUTIONS ARE

GIVEN IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRETE INELAS

TIC LEVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. THEY WERE

CALCULATED WITH CASTHY. FOR OTHER REACTIONS, ISOTROPIC DISTRI-

BUTIONS IN THE LABORATORY SYSTEM WERE ASSUMED.

MF = 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR

OTHER NEUTRON EMITTING REACTIONS.
TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS

DEPTH (MEV) RADIUS(FM) DIFFUSENESS (FM)
vV = 46.0—0.25E RO = 5.893 A0 = 0.62
WS = 7.0 RS = 393 AS = 0.35
VSO0= 7 0 RSO= 5.893 ASO= 0.62
THE FORM OF SURFACE ABSORPTION PART IS DER. WOODS-SAXON TYPE.

TABLE 2 LEVEL DENSITY PARAMETERS

NUCL IDE A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING
36-KR- 84 9.970E+00 9.600E-01 4.942E-01 8.590E+00 2.630E+00
36-KR- 85 1.024E+01 8.900E-01 1.570E+00 6.261E+00 1.170E+00
36-KR- 86 9.052E+00 8.686E-01 2.185E-01 5.874E+00 2.100E+00
36-KR- 87 9.400E+00 8.860E-01 8.826E-01 5.481E+00 1.170E+00
37-RB- 85 1.190E+01 8.690E-01 2.827E+00 7.561E+00 1.460E+00
37-RB- 86 1.002E+01 8.500E-01 3.954E+00 4.312E+00 0.0
37-RB- 87 8.806E+00 9.410E-01 1.125E+00 5.465E+00 9.300E-01



.801E+00

.120E+01
.030E+01
.160E+00
.380E+00

.880E+00

.328E-01
.186E+00
.288E-02
.043E-01
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MAT number = 3840

38-SR- 89 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90

HISTORY

90-03 WEg E¥¢LUATION FOR JENDL-3 WAS COMPLETED BY JNDC FPND

MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF = 2 RESONANCE PARAMETERS
MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS
NO RESOLVED RESONANCE PARAMETERS

UNRESOLVED RESONANCE REGION : 1.4 KEV - 100 KEV
THE NEUTRON STRENGTH FUNCTIONS, SO AND S2 WERE CALCULATED WITH
ICAL_MODEL CODE CASTHY/2/, AND S1 WAS BASED ON THE
TEMATICS OF MUGHABGHAB ET AL./3/. THE OBSERVED LEVEL
CING_WAS DETERMINED TO REPRODUCE THE CAPTURE CROSS SECTION
CULATED WITH CASTHY. THE EFFECTIVE SCATTERING RADIUS WAS
AINED FROM FITTING TO THE CALCULATED TOTAL CROSS SECTION AT
KEV. THE RADIATION WIDTH GG WAS BASED ON THE SYSTEMATICS
MEASURED VALUES FOR NEIGHBORING NUCLIDES.
A

L VALUES OF THE PARAMETERS AT 70 KEV:
0.370E-4, S1 = 4.800E-4, S2 = 0.400E-4, SG = 0.551E-4,
0.170 EV, R = 7.047 FM.

CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES. INTEG.

TOTAL 6.120
ELASTIC 5.700 -
CAPTURE 0.4200 0.414

MF = 3 NEUTR CROSS SECTIONS

BELOW 1.4 K HE CAPTURE AND ELASTIC SCATTERI

WERE ASSUME BE IN 1/V FORM AND CONSTANT, RE

CAPTURE CES CTION AT 0.0253 EV WAS TAKEN FR
0

nowm=

_i_
THE SCATT G CROSS SECTION WAS ESTIMATED BY A
FM. UNRES ED RESONANCE PARAMETERS WERE GIVEN
RANGE FROM 1.4 KEV TO 100 KEV.

ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED

ON
EV
D

SS
IN
LV

WITH PEGASUS/4/ STANDING ON A PREEQUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN IN TABLE 1 WERE
DETERMINED BY I11JIMA AND KAWAI/5/ TO REPRODUCE A SYSTEMATIC
TREND OF THE TOTAL CROSS SECTION THE OMP*S FOR CHARGED
PARTICLES ARE AS FOLLOWS:

PROTON = PEREY/6/

ALPHA = HUIZENGA AND 1G0/7/

DEUTERON = LOHR AND HAEBERLI/8/

HELIUM-3 AND_TRITON = BECCHETTI AND GREENLEES/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/10/ WERE EVALUATED BY I1JIMA ET AL./11/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
5QE¢METER IN THE ENERGY RANGE BELOW E-JOINT 1S DUE TO GRUPPELAAR

MT =1 OTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT = 4, 51 - 91 INELASTIC SCATTERING
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS BASED ON EVALUATED NUCLEAR
g;EE%gyTE/DATA FILE (1987 VERSION)/13/ AND NUCLEAR DATA

NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 5/2 +

1 1.0320 1/2 +

2 1.4734 7/2 +

3 1.9402 5/2 +

4 2.0076 3/2 +

5 2.0574 3/2 -

6 2.0613 9/2 +



7 2.0790 1172 -
8 2.2801 5/2 +
9 2.4516 3/2 +
0 2.5701 3/2 -
2.6710 7/2 +
LEVELS ABOVE 2.707 MEV WERE ASSUMED TO BE OVERLAPPING.

MT = 102 CAPTURE
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI
AND REFF0/15/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.
THE GAMMA-RAY STRENGTH FUNCTION &0 616E-04) WAS DETERMINED
FROM THE SYSTEMATICS OF RADIATION WIDTH (0.17 EV) AND THE
AVERAGE S-WAVE RESONANCE LEVEL SPACING (2760 EV) CALCULATED
FROM THE LEVEL DENSITY PARAMETERS.

MT = 16 N,2N) CROSS SECTION

MT = 17 N,3N) CROSS SECTION

MT = 22 N,N*A) CROSS SECTION

MT = 28 N,N*P) CROSS SECTION

MT = 32 N,N*D) CROSS SECTION

MT =103 N,P ROSS SECTION

MT =104 N,D) CROSS SECTION

MT =105 N,T) CROSS SECTION

MT =107 N,A PHA% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE PEGASUS.
THE KALBACH®S

CONSTANT K (= 330.4% WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWAT"S FORMALISM/16/ AND LEVEL
DENSITY PARAMETERS.

FINALLY, THE (N,P) AND &N ALPHAa CROSS SECTIONS WERE
NO RMALIZED TO THE FOLLO ING VALUES AT 14.
MB (SYSTEMATICS OF FORREST/l?/)
N A PHA) 2 86 MB (SYSTEMATICS OF FORREST)

MT = 251 MU-BAR
CALCULATED WITH CASTHY.

4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

DRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUT
IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRE

EVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. T

hA OPI

MF

TED WITH CASTHY. FOR OTHER REACTIONS, ISOTR
S IN THE LABORATORY SYSTEM WERE ASSUMED.

MF = 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CA
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LE
OTHER NEUTRON EMITTING REACTIONS.

TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS
DEPTH (MEV) RADIUS(FM) DIFFUSENESS (FM)

46.0-0.25E RO
7.0
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N Ol

VS ) RSO ASO= 0.
THE FORN OF SURFACE ABSORPTION PART 13 DER. WOODS-SAXON TYPE.
TABLE 2 LEVEL DENSITY PARAMETERS
NUCLIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING

36-KR- 85 1.024E+01 8.900E-01 1.570E+00 6.261E+00 1.170E+00
36-KR- 86 9.052E+00 8.686E-01 2.185E-01 5.874E+00 2.100E+00
36-KR- 87 9.400E+00 8.860E-01 8.826E-01 5.481E+00 1.170E+00
36-KR- 88 * 1.074E+01 7.386E-01 2.319E-01 5.156E+00 1.890E+00
37-RB- 86 1.002E+01 8.500E-01 3.954E+00 4.312E+00 0.0

37-RB- 87 8.806E+00 9.410E-01 1.125E+00 5.465E+00 9.300E-01
37-RB- 88 9.801E+00 8.185E-01 2.880E+00 3.704E+00 0.0

37-RB- 89 * 1.086E+01 7.303E-01 1.126E+00 3.949E+00 7.200E-01
38-SR- 87 1.030E+01 8.610E-01 1.186E+00 5.938E+00 1.240E+00
38-SR- 88 9.160E+00 7.510E-01 8.288E-02 4.550E+00 2.170E+00
38-SR- 89 9.380E+00 8.200E-01 5.043E-01 4.642E+00 1.240E+00
38-SR- 90 9.940E+00 8.530E-01 3.795E-01 6.252E+00 1.960E+00



SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.

SPIN CUTOFF PARAMETERS WERE CALCULATED AS 146*SQRT§A3*A**E2/3)
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT

ASSUMED TO BE 5.818 FOR SR- 89 AND 4.524 FOR SR- 90
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MAT number = 3843
38-SR- 90 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-SEP90 REV2-AUG93

HISTORY

84-10 EVALUATION FOR JENDL-2 WAS MADE BY JNDC FPND W.G./1/

90-03 MODIFICATION FOR JENDL-3 WAS MADE/2/.

93-08 JENDL-3.2 WAS MADE BY JNDC FPND W.G.
*k Kk kK MODIFIED PARTS FOR JENDL 3 2 AhkAXAkAkhkAhAkdkhdhhkdkhkkhdhxi

(3,1), (3,102) LOW 6 KEV

***********************************************************

MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY

MF = 2 RESONANCE PARAMETERS
MT=151 RESOLVED AND UNRESOLVED RESONANCE PARAMETERS
NO RESOLVED RESONANCE PARAMETERS

UNRESOLVED RESONANCE REGION : 6.0 KEV - 100 KEV
UNRESOLVED RESONANCE PARAMETERS WERE ADOPTED FROM JENDL-2.
THE NEUTRON STRENGTH FUNCTIONS, SO, S1 AND S2 WERE CALCULATED
WITH OPTICAL MODEL CODE CASTHY/3/. THE OBSERVED LEVEL SPACING
WAS DETERMINED TO REPRODUCE THE CAPTURE CROSS SECTION CALCULA-
TED WITH CASTHY. THE EFFECTIVE SCATTERING RADIUS WAS OBTAINED
FROM FITTING TO THE CALCULATED TOTAL CROSS SECTION AT 100 KEV.

TYPICAL VALUES OF THE PARAMETERS AT 70 KEV:
SO 0.370E-4, S1 5.420E-4, S2 = 0.360E-4, SG = 0.190E-4,

GG = 0.205 EV, R = 6.796 FM
CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES INTEG.
TOTAL 5.8187
ELASTIC 5.8037
CAPTURE 0.0150 0.0901
MF = 3 NEUTRON CROSS SECTIONS
BELOW 6.0 KEV, THE CAPTURE AND ELASTIC SCATTERING CROSS SECTIONS
WERE ASSUMED TO BE IN 1/V FORM AND CONSTANT, RESPECTIVELY. THE
CAPTURE CROSS SECTION AT 0.0253 EV WAS TAKEN FROM REF./4/ AND
THE ELASTIC SCATTERING CROSS SECTION WAS ESTIMATED BY ASSUMING R
= 6.796 FM. UNRESOLVED RESONANCE PARAMETERS WERE GIVEN IN THE
ENERGY RANGE FROM 6.0 KEV TO 100 KEV. THE TOTAL CROSS SECTION
IS SUM OF THESE TWO CROSS SECTIONS.
ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/5/ STANDING ON A PREESUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN IN TABLE 1 WERE
DETERMINED BY 11JIMA AND KAWAI/6/ TO REPRODUCE A SYSTEMATIC
TREND OF THE TOTAL CROSS SECTION. THE OMP®"S FOR CHARGED
PARTICLES ARE AS FOLLOWS:
PROTON = PEREY/7/
ALPHA = HUIZENGA AND 1G0/8/
DEUTERON = LOHR AND HAEBERLI1/9/
HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/10/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/11/ WERE EVALUATED BY I11JIMA ET AL./12/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
5QE§METER IN THE ENERGY RANGE BELOW E-JOINT 1S DUE TO GRUPPELAAR

MT = 1 TOTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

51 - 91 INELASTIC SCATTERING

= 4,
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS TAKEN FROM REF./14/.
NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 0 +
1 0.8317 2 4+
2 1.6559 4 +
3 1.8923 2 0+



4 2.2070 2 4+
5 2.4973 2 4+
LEVELS ABOVE 2.528 MEV WERE ASSUMED TO BE OVERLAPPING.

MT = 102 CAPTURE
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI
AND REFF0/15/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.
THE GAMMA-RAY STRENGTH FUNCTION $1 70E-05) WAS DETERMINED FROM
THE SYSTEMATICS OF RADIATION WIDTH ﬁO 205 EV) AND AVERAGE
S-WAVE RESONANCE LEVEL SPACING (12
MT = 16 N,2N) CROSS SECTION
MT = 17 N,3N) CROSS SECTION
MT = 22 N,N*A) CROSS SECTION
MT = 28 N,N*P) CROSS SECTION
MT = 32 N,N*D) CROSS SECTION
MT =103 N,P ROSS SECTION
MT =104 N,D) CROSS SECTION
MT =105 N,T) CROSS SECTION
MT =107 N,A PHA% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE
PEGASUS.
THE KALBACH™S CONSTANT K (= 259.0% WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWAT"S FORMALISM/16/ AND LEVEL
DENSITY PARAMETERS.
FINALLY, THE (N,P) AND &N ALPHAa CROSS SECTIONS WERE
NORMALIZED TO THE FOLLO ING VALUES AT 14.5 MEV:
N, Z MB (SYSTEMATICS OF FORREST/l?/)
N,ALPHA) 82 MB (SYSTEMATICS OF FORREST)
MT = 251 MU-BA
CALCULATED WITH CASTHY.
MF = 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUTIONS ARE
GIVEN IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRETE INELAS
TIC LEVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. THEY WERE
CALCULATED WITH CASTHY. FOR OTHER REACTIONS, ISOTROPIC DISTRI-
BUTIONS IN THE LABORATORY SYSTEM WERE ASSUMED.
MF = 5 ERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
E ERGY ISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR
OTHER NEUTRON EMITTING REACTIONS.
TABLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS
DEPTH (MEV) RADIUS(FM) DIFFUSENESS (FM)
vV = 46.0—0.25E RO = 5.893 A0 = 0.62
WS = 7.0 RS = 6.393 AS = 0.35
S0= 5.893 ASO= 62

VS0= 7.0 R 0.
THE FORN OF SURFACE ABSORPTION PART 13 DER. WOODS-SAXON TYPE.
TABLE 2 LEVEL DENSITY PARAMETERS
NUCLIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING

36-KR- 86 9.052E+00 8.686E-01 2.185E-01 5.874E+00 2.100E+00
36-KR- 87 9.400E+00 8.860E-01 8.826E-01 5.481E+00 1.170E+00
36-KR- 88 * 1.074E+01 7.386E-01 2.319E-01 5.156E+00 1.890E+00
36-KR- 89 * 1.166E+01 7.303E-01 9.153E-01 4.874E+00 1.170E+00
37-RB- 87 8.806E+00 9.410E-01 1.125E+00 5.465E+00 9.300E-01
37-RB- 88 9.801E+00 8.185E-01 2.880E+00 3.704E+00 0.0

37-RB- 89 * 1.086E+01 7.303E-01 1.126E+00 3.949E+00 7.200E-01
37-RB- 90 1.179E+01 7.220E-01 4.570E+00 3.659E+00 0.0

38-SR- 88 9.160E+00 7.510E-01 8.288E-02 4.550E+00 2.170E+00
38-SR- 89 9.380E+00 8.200E-01 5.043E-01 4.642E+00 1.240E+00
38-SR- 90 9.940E+00 8.530E-01 3.795E-01 6.252E+00 1.960E+00
38-SR- 91 1.090E+01 8.100E-01 1.103E+00 5.625E+00 1.240E+00

SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.
SPIN CUTOFF PARAMETERS WERE CALCULATED AS 0.146*SQRT(A)*A**(2/3).



IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT O MEV WERE
ASSUMED TO BE 4.524 FOR SR- 90 AND 5.0 FOR SR- 91.

REFERENCES
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3) 1GARASI, S.: J. NUCL. SCI. TECHNOL., 12, 67 51975)
49 HARADA,"H.. ET AL.: JAERI-N 92027, P.298 (1992).
59 11JIMA. S. ET AL.: JAERI-M 87-025, 337 (1987
6 |{gég§, S. AND KAWAI, M.: J. NUCL. 512%7e HNOL-, 20, 77
7 SEREY, F.G: PHYS. REV. 131, 745 (1963%
8) HUIZENGA, J.R. AND IGO0, G.: NUCL. PHYS. 29, 462 glgezg.
9) LOHR, J.M. AND HAEBERLIi, W.: NUCL. PHYS. A232, 381 (1074).
10) BECCHETTI, F.D., JR. AND GREENLEES, G.W.: POLARIZATION
PHENONENA "IN NUCLEAR REACTIONS §§ED5) H.H. BARSHALL AND
WiggéEBERLI), . 682, THE UNIVERSITY OF WiSCONSIN PRESS.
11) é{ggg%T, A. AND CAMERON, A.G.W.: CAN. J. PHYS., 43, 1446
12 flJlMA, S., ET AL.: J. NUCL. SCI. TECHNOL. 21, 10 (1984).
13 GRUPPELAAR. H.: EGN- 13 (1977@
14) LEDERER, C.M., ET AL.: "TABLE OF ISOTOPES, 7TH ED.", WILEY-
INTERSCIENCE PUBLICATION 1978&
15) BENZI, V. AND REFFO, G.: CCDN- W/10 (1969).
16) KIKUCHI, K. AND KAWAI, M.: "NUCLEAR MATTER AND NUCLEAR
REACTIONS", NORTH HOLLAND 51968g
17) FORREST, R.A.: AERE-R 12419 (1986)



MAT number = 3925
39-Y - 89 JNDC -MAR90 JNDC FP NUCLEAR DATA W.G.
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FOR JEN WAS MADE BY JNDC FPND W.G./1/
ON FOR JENDL-3 WAS MADE/2/.
WAS MADE BY JNDC FPND W.G.
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(2,151) RESOLVED RESONANCE PARAMETERS
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GENERAL INFORMATION
=451 COMMENTS AND DICTIONARY

ESONANCE PARAMETERS

SOLVED AND UNRESOLVED RESONANCE PARAMETERS
ESONANCE REGION EMLBW FORMULA) BELOW 48 KEV

E BQRAMETERS WERE TAKEN FROM JENDL-2 AFTER SLIGHT

NDL-2, RESONANCE ENERGIES WERE TAKEN FROM BOLDEMAN ET
OR THE LEVELS BELOW 47 KEV AND CAMARDA ET AL./4/ FOR
THOSE ABOVE 50 KEV. FOR THE NEUTRON WIDTHS, ADOPTED WERE
AVERAGE VALUES OF MORGENSTERN ET AL./5/, BOLDEMAN ET AL. AND
CAMARDA ET AL. THE RADIATION WIDTHS WERE DERIVED FROM CAPTURE
AREAS MEASURED BY BOLDEMAN ET AL.

AVERAGE RADIATION WIDTH = 0.123 +- 0.027 EV FOR S-WAVE RES.
0.279 +- 0.127 EV FOR P-WAVE RES.
THE _SCATTERING RADIUS OF 6.7 FM WAS TAKEN FROM REF./6/.

FOR JENDL-3, ONLY TOTAL SPIN J AND ANGULAR MOMENTUM L OF
SOME _RESONANCES WERE ESTIMATED WITH A RANDOM NUMBER METHOD AND
A METHOD OF BOLLINGER AND THOMAS/7/, RESPECTIVELY. A NEGATIVE
RESONANCE AT -251 EV WAS ADDED SO AS TO REPRODUCE THE THERMAL
CAPTURE AND SCATTERING CROSS SECTIONS GIVEN BY MUGHABGHAB ET

AL./6/

FOR JENDL-3.2, THE PARAMETERS FOR LEVELS MEASURED BY
BOLDEMAN ET AL. IN THE ENERGY RANGE UP TO 46.07 KEV WERE
REEVALUATED USING THEIR CAPTURE AREAS MULTIPLIED BY A FACTOR
2$ }é936 ACCORDING TO A CORRIGENDUM REPORTED BY ALLEN ET

UNRESOLVED RESONANCE REGION : 48 KEV - 100 KEV
UNRESOLVED RESONANCE PARAMETERS WERE ADOPTED FROM JENDL-2.

THE NEUTRON STRENGTH FUNCTIONS, SO AND S1 WERE ADOPTED FROM
THE RECOMMENDATION IN REF./9/, AND WAS CALCULATED WITH
OPTICAL MODEL CODE CASTHY/10/. THE OBSERVED LEVEL SPACING WAS
DETERMINED TO REPRODUCE THE CAPTURE CROSS SECTION CALCULATED
WITH CASTHY. THE EFFECTIVE SCATTERING RADIUS WAS OBTAINED
FROM FITTING TO THE CALCULATED TOTAL CROSS SECTION AT 100 KEV.
TYPICAL ALUES OF THE PARAMETERS AT 70 KEV:
SO = 0.320E-4, S1 = 4.400E—4, S2 = 0.360E-4, SG = 0.626E-4,
GG = 0.132 EV R = 7.235 FM.
CALCULATED 2200-M/S CROSS SECTIONS AND RES INTEGRALS (BARNS)
2200 M/S ES. INTEG.
TOTAL 8.9900
ELASTIC 7.7127
CAPTURE 1.2773 0.870
MF = 3 NEUTRON CROSS SECTIONS
BELOW 100 KEV, RESONANCE PARAMETERS WERE GIVEN.
ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED
WITH PEGASUS/11/ STANDING ON A PREEQUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN IN TABLE 1 WERE
DETERMINED BY 11JIMA AND KAWAI1/12/ TO REPRODUCE A SYSTEMATIC
TREND OF THE TOTAL CROSS SECTION. THE OMP®"S FOR CHARGED
PARTICLES ARE AS FOLLOWS:
PROTON = PEREY/13/
ALPHA = HUIZENGA AND 1G0/14/
DEUTERON = LOHR AND HAEBERLI/15/
HELIUM-3 AND _TRITON = BECCHETTI AND GREENLEES/16/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/17/ WERE EVALUATED BY I1JIMA ET AL./18/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
PARAMETER IN THE ENERGY RANGE BELOW E-JOINT IS DUE TO GRUPPELAAR



MT = 1 TOTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = 2 ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

4, 51 - 91 INELASTIC SCATTERING
HERICAL OPTICAL AND STATISTICAL MODEL CALCUL
OPTED. THE LEVEL SCHEME WAS TAKEN FROM REF.

ENERGY (MEV) SPIN-PARITY
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LEVELS ABOVE 3.50 V WERE ASSUME

MT = 102 CAPTURE

TO BE OVERLAPPING.

SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WITH
CASTHY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE CROSS
SECTIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE OF BENZI

AND REFF0/21/ AND NORMALIZED TO 1 MILLI-BARN AT 14 MEV.

THE GAMMA-RAY STRENGTH FUNCTION FS 95E-05) WAS ADJUSTED TO
REPRODUCE THE CAPTURE CROSS SECTION OF 13 MILLI-BARNS AT 70
KEV MEASURED BY MUSGROVE ET AL./22,8/

MT = 16 (N,2N) CROSS SECTION
MT = 22 (N.N'A) CROSS SECTION
MT = 28 (N.N*P) CROSS SECTION
MT = 32 (N.N'D) CROSS SECTION
MT =103 (N.P) CROSS SECTION
MT =104 (N.D) CROSS SECTION
MT =105 (N.T) CROSS SECTION
MT =106 (N.H 3& CROSS SECTION
MT =107 (N.ALP A% CROSS SECTION
THESE REACTION CROSS SECTIONS WERE CALCULATED WITH THE
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL CODE PEGASUS.
THE KALBACH®S CONSTANT K (= 299.5) WAS ESTIMATED BY THE
FORMULA DERIVED FROM KIKUCHI-KAWA1*S FORMALISM/237 AND LEVEL
DENSITY PARAMETERS.
FINALLY, THE (N,2N), ,P& AND SN ALPHA) CROSS _SECTIONS WERE
NORMALIZED TO THE FOLLOWING VAL
N, 2N) 980.00 MB RECOMMENDED BY BYCHKOV+/24/)
N,PE .00 MB (RECOMMENDED BY FORREST/25/)
N.ALPHA) 5.50 MB (RECOMMENDED BY FORREST)
MT = 251 MU-BAR
CALCULATED WITH CASTHY.
= 4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
LEGENDRE POLYNOMIAL COEFFICIENTS FOR ANGULAR DISTRIBUTIONS ARE
GIVEN IN THE CENTER-OF-MASS SYSTEM FOR MT=2 AND DISCRETE INELAS
TIC LEVELS, AND IN THE LABORATORY SYSTEM FOR MT=91. THEY WERE
CALCULATED WITH CASTHY. FOR OTHER REACTIONS, ISOTROPIC DISTRI-
BUTIONS IN THE LABORATORY SYSTEM WERE ASSUMED.
= 5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE CALCULATED WITH
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPPING LEVELS AND FOR
OTHER NEUTRON EMITTING REACTIONS.
BLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS
DEPTH (MEV) RADIUS(FM) DIFFUSENESS(FM)
R 46 0-0.25E RO = 5.893 AD = 0.62
Ws = RS = 6.393 AS = 0.35
VS0= RSO= 5.893 ASO= 0.62
THE FORM OF SURFACE ABSORPTION PART IS DER. WOODS-SAXON TYPE.



TABL
NUC

SPI
IN
ASS

REFE

[y
o

©oo~N oOoUulhwN

NeAA NAA

T Y Y S S SN
oUIhw NRO

N AAAL

o

NNONRFRE -
N—,OW =~

E 2 LEVEL DENSITY PARAMETERS

LIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING
RB- 85 1.190E+01 8.690E-01 2.827E+00 7.561E+00 1.460E+00
RB- 86 1.002E+01 8.500E-01 3.954E+00 4.312E+00 0.0

RB- 87 8.806E+00 9.410E-01 1.125E+00 5.465E+00 9.300E-01
RB- 88 9.801E+00 8.185E-01 2.880E+00 3.704E+00 0.0

SR- 86 1.120E+01 8.900E-01 5.328E-01 8.599E+00 2.700E+00
SR- 87 1.030E+01 8.610E-01 1.186E+00 5.938E+00 1.240E+00
SR- 88 9.160E+00 7.510E-01 8.288E-02 4.550E+00 2.170E+00
SR- 89 9.380E+00 8.200E-01 5.043E-01 4.642E+00 1.240E+00
Y - 87 * 1.388E+01 7.471E-01 2.541E+00 6.730E+00 1.460E+00
Y - 88 1.109E+01 7.450E-01 3.738E+00 3.570E+00 0.0

Y - 89 7.900E+00 8.500E-01 3.983E-01 3.440E+00 9.300E-01
Y - 90 1.027E+01 6.770E-01 1.716E+00 2.209E+00 0.0

ST: * = LDP'S WERE DETERMINED FROM SYSTEMATICS.

N CUTOFF PARAMETERS WERE CALCULATED AS 146*SQRT§A3*A**E2/3).
THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT WER
UMED TO BE 6.916 FOR Y - 89 AND 5.0 FOR Y - 90.
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MAT number = 3931

39-Y - 91 JNDC EVAL-MAR90 JNDC FP NUCLEAR DATA W.G.
DIST-NOV90

HISTORY

90-03 WEg E¥¢LUATION FOR JENDL-3 WAS COMPLETED BY JNDC FPND

MF = 1 GENERAL INFORMAT
MT=451 COMMENTS AND DI

|

C

MF = 2 RESONANCE PARAMET
MT=151 RESOLVED AND UNR
NO RESOLVED RESONANCE P

UNRESOLVED RESONANCE RE
EUTRON STRENGTH F
HABGHAB ET AL./2

380 EV - 100 KEV

ON S1 WAS BASED ON THE SYSTEMATICS
D SO AND S2 WERE CALCULATED WITH

/. THE OBSERVED LEVEL SPACING_WAS
CAPTURE CROSS SECTION CALCULATED
A E _SCATTERING RADIUS WAS OBTAINED
ITTING TO THE CALCULATED TOTAL CROSS SECTION AT 100 KEV.
DIATION WIDTH GG WAS BASED ON THE SYSTEMATICS OF

ED VALUES FOR NEIGHBORING NUCLIDES.

VALUES OF THE PARAMETERS AT 70 KEV:
O.370E—4, S1 = 5.500E-4, S2 = 0.390E-4, SG = 2.81E-4,
0.210 EV, R = 6.747 FM.
CALCULATED 2200-M/S CROSS SECTIONS AND RES. INTEGRALS (BARNS)
2200 M/S RES. INTEG.
TOTAL 7.100
ELASTIC 5.700 -
CAPTURE 1.400 2.85

MF = 3 NEUTRON CROSS SECTIONS

N
UG
CA
RM
C
F
A
R

—
=<
OWT =E4TI=000-

BELOW 380 EV, THE CAPTURE AND ELASTIC SCATTERING CROSS SECTIONS
WERE ASSUMED TO BE IN 1/V FORM AND CONSTANT, RESPECTIVELY. THE
CAPTURE CROSS SECTION AT 0.0253 EV WAS ADOPTED FROM REF./2/ AND
THE SCATTERING CROSS SECTION WAS CALCULATED FROM R = 6.7 FM.

UNRESOLVED RESONANCE PARAMETERS WERE GIVEN IN THE ENERGY RANGE

FROM 380 EV TO 100 KEV.

ABOVE 100 KEV, THE SPHERICAL OPTICAL AND STATISTICAL MODEL
CALCULATION WAS PERFORMED WITH CASTHY, BY TAKING ACCOUNT OF
COMPETING REACTIONS, OF WHICH CROSS SECTIONS WERE CALCULATED

WITH PEGASUS/4/ STANDING ON A PREEQUILIBRIUM AND MULTI-STEP
EVAPORATION MODEL. THE OMP*S FOR NEUTRON GIVEN IN TABLE 1 WERE
DETERMINED BY I11JIMA AND KAWAI/5/ TO REPRODUCE A SYSTEMATIC
TREND OF THE TOTAL CROSS SECTION THE OMP*S FOR CHARGED
PARTICLES ARE AS FOLLOWS:

PROTON = PEREY/6/

ALPHA = HUIZENGA AND 1G0/7/

DEUTERON = LOHR AND HAEBERLI/8/

HELIUM-3 AND _TRITON = BECCHETTI AND GREENLEES/9/
PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA OF GILBERT
AND CAMERON/10/ WERE EVALUATED BY I1JIMA ET AL./11/ MORE
EXTENSIVE DETERMINATION AND MODIFICATION WERE MADE IN THE
PRESENT WORK. TABLE 2 SHOWS THE LEVEL DENSITY PARAMETERS USED
IN THE PRESENT CALCULATION. ENERGY DEPENDENCE OF SPIN CUT-OFF
5QE¢METER IN THE ENERGY RANGE BELOW E-JOINT 1S DUE TO GRUPPELAAR

MT =1 OTAL
SPHERICAL OPTICAL MODEL CALCULATION WAS ADOPTED.

MT = ELASTIC SCATTERING
CALCULATED AS (TOTAL - SUM OF PARTIAL CROSS SECTIONS).

MT = 4, 51 - 91 INELASTIC SCATTERING
SPHERICAL OPTICAL AND STATISTICAL MODEL CALCULATION WAS
ADOPTED. THE LEVEL SCHEME WAS BASED ON EVALUATED NUCLEAR
STRUCTURE DATA FILE (1987 VERSION)/13/ AND NUCLEAR DATA

SHEETS/14/.

NO. ENERGY (MEV) SPIN-PARITY
GR. 0.0 1/2 -

1 0.5556 9/2 +

2 0.6530 3/2 -

3 0.9258 5/2 -

4 1.1869 7/2 -

5 1.3054 5/2 +

6 1.4737 3/2 -



MF

TA

7 1.5459 5/2 -
8 1.5480 7/2 -
9 1.5799 5/2 +
10 1.9804 3/2 -
11 2.0666 5/2 +
12 2.1291 3/2 +
13 2.1630 3/2 -
14 2.2067 5/2 -
15 2.2794 5/2 +
16 2.4122 3/2 -
17 2.4740 3/2 -
18 2.5300 5/2 -
19 2.5700 1/2 -
20 2.5721 5/2 +
21 2.6890 7/2 -
22 2.7800 9/2 +
23 2.9600 3/2 -
24 2.9800 1/2 -
25 3.0450 1/2 -
26 3.1000 9/2 -
27 3.1960 7/2 -
28 3.2270 9/2 +
29 3.2840 7/2 -
LEVELS ABOVE 3.32 MEV WERE ASSUMED TO BE OVERLAPPING.

MT 102 CAPTURE

ERICAL OPTICAL AND STATISTICAL MODEL CALCULATION
THY WAS ADOPTED. DIRECT AND SEMI-DIRECT CAPTURE
TIONS WERE ESTIMATED ACCORDING TO THE PROCEDURE

FFO/15/ AND NORMALIZED TO 1 MILLI-BARN AT 14

H

I

RE V.
GAMMA-RAY STRENGTH FUNCTION $2 74E E WAS DETER
SY \

VE

L

W
C
OF
ME
MINED FROM
STEMATICS OF RADIATION WID AND THE AVERAGE
SONANCE LEVEL SPACING (769 EV) CAL ULATED FROM THE
SITY PARAMETERS.
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TION
ONS WERE CALCULATED WITH THE
STEP EVAPORATION MODEL CODE PEGASUS.

K (= 334.4) WAS ESTIMATED BY THE
KUCHI-KAWAT*S FORMALISM/16/ AND LEVEL
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LY, THE (N,P) AND &N,ALPHA& CROSS SE TIONS WERE

LIZED TO THE FOLLO ING VALUES AT 14.5 MEV:

E MB (SYSTEMATICS OF FORREST/17/)
PHA) 3 31 MB (SYSTEMATICS OF FORREST)

MU-BAR
ATED WITH CASTHY.

GULAR DISTRIBUTION
OMIAL COEFFI
ENTER-OF—MAS
H

L

—AmM=ZmM= = >0
- T
(/733 Zownw—+HUoC

—A®

F_SECONDARY NEUTR
NTS FOR ANGULAR D

L 0 ON
0 IE 1S
H SYSTEM FOR MT=2 AND
, IN THE LABORA T=
gASTHY. F |

BORATORY

RATORY SYSTEM FOR M
R OTHER REACTIONS
YSTEM WERE ASSUME

T2 <
ZWOoO mMmHd=Z0=
noomowm

L

= ISTRIBUTIONS OF SECONDARY NEUT

ENERGY IBUTIONS OF SECONDARY NEUTRONS W
PEGASUS FOR INELASTIC SCATTERING TO OVERLAPP
OTHER NEUTRON EMITTING REACTIONS.

BLE 1 NEUTRON OPTICAL POTENTIAL PARAMETERS

(S]
m
Z

ONS
RE CALCULATED WITH
NG LEVELS AND FOR

< —H= mrr

b.
R
E
I

DEPTH (MEV) RADIUS(FM) DIFFUSENESS (FM)
vV = 46 0-0.25E RO = 5.893 A0 = 0.62
WS = RS = 393 AS = 0.35
VSO0= RSO= 5.893 ASO= 0.62
THE FORM OF SURFACE ABSORPTION PART IS DER. WOODS-SAXON TYPE.



TABLE 2 LEVEL DENSITY PARAMETERS
NUCLIDE SYST A(L/MEV) T(MEV) C(1/MEV) EX(MEV)  PAIRING

37-RB- 87 8.806E+00 9.410E-01 1.125E+00 5.465E+00 9.300E-01
37-RB- 88 9.801E+00 8.185E-01 2.880E+00 3.704E+00 0.0
37-RB- 89 * 1.086E+01 7.303E-01 1.126E+00 3.949E+00 7.200E-01
37-RB- 90 1.179E+01 7.220E-01 4.570E+00 3.659E+00 0.0
38-SR- 88 9.160E+00 7.510E-01 8.288E-02 4.550E+00 2.170E+00
38-SR- 89 9.380E+00 8.200E-01 5.043E-01 4.642E+00 1.240E+00
38-SR- 90 9.940E+00 8.530E-01 3.795E-01 6.252E+00 1.960E+00
38-SR- 91 1.090E+01 8.100E-01 1.103E+00 5.625E+00 1.240E+00
39-Y - 89 7.900E+00 8.500E-01 3.983E-01 3.440E+00 9.300E-01
39-Y - 90 1.027E+01 6.770E-01 1.716E+00 2.209E+00 O.

39-Y - 91 1.050E+01 7.140E-01 8.362E-01 3.521E+00 7.200E-01
39-Y - 92 1.012E+01 7.629E-01 2.480E+00 3.191E+00 O.

SYST: * = LDP"S WERE DETERMINED FROM SYSTEMATICS.

SPIN CUTOFF PARAMETERS WERE CALCULATED AS 146*SQRT§A3*A**E2/3)
IN THE CASTHY CALCULATION, SPIN CUTOFF FACTORS AT
ASSUMED TO BE 5.103 FOR Y - 91 AND 5.0 FOR Y - 92.

REFERENCES

1) KAWAI, M. ET AL.: PROC. INT. CONF. ON NUCLEAR DATA FOR SCIENCE
AND TECHNOLOGY, MITO, P. 569 %1988)

2) MUGHABGHAB, S. F. ET AL.: "NEUTRON CROSS SECTIONS, VOL. I,
PART A", ACADEMIC PRESS 19812.

3) IGARASI, S.: J. NUCL. SC TECHNOL., 12, 67 51975)

4) 11JIMA, S. ET AL.: JAERI-M 87-025, P. 337 (1987)

5 I{gég?, S. AND KAWAI, M.: J. NUCL. SCI. TECHNOL-, 20, 77

6 SEREY, F.G: PHYS. REV. 131, 745 (1963).

7) HUIZENGA, J.R. AND IGO, G.: NUCL. PHYS. 29, 462 §1962g

8) LOHR, J.M. AND HAEBERLI, W.: NUCL. PHYS. A232, f 74).

9) BECCHETTI, F.D., JR. AND GREENLEES, G.W.: POLARIZAT ON
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10) é{ggg%T, A. AND CAMERON, A.G.W.: CAN. J. PHYS., 43, 1446
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12) GRUPPELAAR, H.: ECN-13 §1977a

13) ENSDF: EVALUATED NUCLEAR STR CTURE DATA FILE (JUNE 1987).

14) NUCLEAR DATA SHEETS, 31, 181 (198
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16) KIKUCHI, K. AND KAWAI, M.: "NUCLEAR ATTE "AND NUCLEAR
REACTIONS™, NORTH HOLLAND (1968%
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MAT number = 4000
40-ZR- 0 MAPI EVAL-NOV88 M.SASAKI gMAPI)
DIST-SEP89 REV2-APR9

HISTORY

88-11 COMPILED BY T.ASAMI (JAERI)

94-04 JENDL-3.2
RESONANCE PARAMS OF ZR-90 MODIFIED BY M.KAWAI§TOSHIBA .
GAMMA-RAY PRODUCTION DATA MODIFIED BY S.IGARA IfNEDAC .
OTHER MODIFICATIONS WERE ADOPTED FROM JENDL FUSION FILE

COMPILED BY T.NAKAGAWA (NDC/JAERI)

MF=

*kkkx MODIFIED PARTS FOR JENDL 3 2 kkhkkhkkkhkkhkkhhkkhkhkkhkhkkhkhkkihkkikki*k
(2,151 RESOLVED RESONANCE PARAMETERS OF ZR-90
ALL CROSS-SECTION DATA
MAINLY TAKEN FROM JENDL FUSION FILE
4,16- 913 TAKEN FROM JENDL FUSION E:tE

5.16-91 TAKEN FROM JENDL FUSION

%%’%02) 13,4 (13 103 (13,107)

14:4§: 51411%é3 3%3

15.3). (15,102 03), (15,1
****************************** ****************************

JENDL FUSION FILE /1/ (AS OF APR. 1994)
EVALUATED AND COMILED BY S.CHIBA (NDC/JAERI)

- THE DISCRETE INELASTIC SCATTERING CROSS SECTIONS AND
THEIR ANGULAR DISTRIBUTIONS WERE CALCULATED WITH CASTHYZY
AND DWUCKY IN SINCROS-11 SYSTEM/2/ FOR EACH 1SQOTOP
BR%ADATA OF NATURAL ZR WAS CONSTRUCTED FROM THESE ISOTOPE

- OTHER REACTION CROSS SECTIONS, I.E.. THE CONTINUUY
INELASTIC SCATTERING, gN ZN% (N3 %, SN NA% (N,NP) AND
ﬁN,ND% REACTION CROSS SECTIONS AND THEIR SECONDARY

EUTRON ENERGY SPECTRA, AND EN,P D)+ oSN & (NLHES)
AND N,Ag CROSS SECTIONS WERE CA N2de As
THE SIRCROSE I FOR EACH I1SGTOPE. "THE DATA FGR NATORAL ZR
WAS CONSTRUCTED FROM THESE DATA.

- THE DDX'S OF THE CONTINUUM NEUTRONS WERE CALCULATED BY
KUMABE™S SYSTEMATICS /3/ USING F15TOB /1/. THE
PRECOMPOUND TO COMPOUND RATIO WAS TAKEN FROM THE EGNASH2
CALCULATION.

OTHER DATA WERE TAKEN FROM JENDL-3.1.
OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED IN
THE SINCROS-Ii CALCULATION ARE DESCRIBED IN REF./2/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/4/.
1 GENERAL INFORMATION
=451 DESCRIPTIVE DATA AND DICTIONARY
2 RESONANCE PARAMETERS
=151 RESONANCE PARAMETERS
RESOLVED RESONANCE PARANETERS FOR MLBIW FORMULA WERE GIVEN IN
THE ENERGY REGION FROM 1 OE<E EV TO 171 REV- UPBER BOUNDARIES
OR THE RESOLVED RESONANCE REGIONS ARE.
ZR-90: 171.0 KEV ZR-91: 30.16 KEV
ZR-92: 71.0 KEV ZR-94: 53.5 KEV
ZR-96: 100.0 KEV
UNRESOLVED RESONANCE PARAMETERS WERE GIVEN UP TO 100 KEV FOR
ZR-91, -92, -94. THE PARAMETERS WERE DETERMINED TO REPRODUCE
EVALUATED CAPTURE AND TOTAL CROSS SECTIONS. DESCRIPTION ON
EVALUATION IS GIVEN IN THE (1,451) OF EACH ISOTOPE. THE
ABUNDANCE DATA WERE TAKEN FROM REF./5/ TO BE 0.5145, 0.1122,
0.1715, 0.1738 AND 0.0280 FOR ZR-90, -91, -92, -94 AND -96,
RESPECTIVELY.
2200 M/S CROSS SECTION(B) RES. INTEGRAL(B)
TOTAL 6.6026
ELASTIC 6.4084
CAPTURE 0.1943 1.203
3 NEUTRON CROSS SECTIONS
BELOW 100 KEV, NO BACKGROUND CROSS SECTION WAS GIVEN. BETWEEN
100 AND 171 KEV, CONTRIBUTIONS FROM ZR-91, 92, 94 AND 96 WERE
GIVEN A ROSS SECTIONS TO TOTAL, ELASTIC AND

L

0

VEN AS BACKGROUND C
PT -

FOR CTION DATA EXCEPT FOR THE
TAL 1

TO ON FILE. THE CALCULATION WAS



MADE WITH SINCROS-11 SYSTEM/2/ BY ADOPTING WALTER-GUSS OMP
MODIFIED BY YAMAMURO/2/ FOR NEUTRONS, LEMOS OMP MODIFIED BY
ARTHUR AND YOUNG/6/ FOR ALPHA, THE SAME OMP*S_AS THE PEGASUS
CALCULATION FOR OTHER CHARGED PARTICLES AND STANDARD LEVEL
DENSITY PARAMETERS OF SINCROS-I1 SYSTEM.
Q-VALUES OF THRESHOLD REACTIONS INCLUDING INELASTIC SCATTERING
WERE SLIGHTLY CHANGED FROM CORRECT VALUES TO CONSISTENT ONES
WITH THRESHOLD ENERGIES AND ATOMIC WEIGHT OF NATURAL ZR.
MT=1 TOTAL
MANY EXPERIMENTAL DATA ARE EXISTING. EVALUATED BASED ON THE
EXPERIMENTAL DATA.
MT=2 ELASTIC SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.
MT=4, 51-89, 91 INELASTIC SCATTERING
TAKEN FROM_JENDL _FUSION FILE. THE LEVEL SCHEME WAS TAKEN FROM
REF./4/. THE DATA FOR SOME LEVELS WERE LUMPED AS FOLLOWS:
M LEVEL ENERGY(MEV) ZR-90  ZR-91 ZR-92 ZR-94 ZR-96
51 0.918 51
52 0.934 51
53 1.205 51
54 1.300 52
55 1.383 52
56 1.466 52 53
57 1.495 53
58 1.593 51
59 1.671 54
60 1.750 52
61 1.761 51
62 1.847 54
63 1.882 53 53
64 2.042 54 55
65 2.067 55 53
66 2.131 55
67 2.150 56 56
68 2.170 56
69 2.187 52 57
70 2.201 58
71 2.225 54
72 2.260 59
73 2.288 60
74 2.319 53 61
75 2.329 57 57 55
76 2.356 62,63 58
77 2.395 64 58
78 2.439 56
79 2.486 59
80 2.507 59
81 2.604 60
82 2.698 61
83 2.739 54,55 60
84 2.819 61,62 62-64 57
85 2.903 63,64
86 2.958 65
87 3.039 66,67
88 3.078 56
89 3.309 57
91 2.395 91 91 91 91 91
NT=16, 22, 28, 103 AND 107  (N,2N), (N,NA), (N.NP), (N.P) AND
CONSTRUC%ED EROM THE STATISTICAL-MODEL CALCULATIONS FOR

EACH ISOTOPE.
MT=102 CAPTURE

CONSTRUCTED FROM THE DATA OF EACH ISOTOPE, THEN MODIFIED BY
MULTIPLING AN ENERGY DEPENDENT FACTOR TO REPRODUCE THE
EXPERIMENTAL DATA OF STAVISSKIJ ET AL./7/ AND POENITZ /8/.

MT=251 MU-BAR
CALCULATED WITH OPTICAL MODEL.

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=2 ELASTIC SCATTERING
CONSTRUCTED FROM THE STATISTICAL-MODEL/9/ CALCULATIONS
FOR EACH ISOTOPE.



MT=51-89 INELASTIC SCATTERING
TAKEN FROM JENDL FUSION FILE
EACH ISOTOPE.

MT=16, 22, 28, 91
TAKEN FROM JENDL FUSION FILE. DDX DATA IN MF6 WERE
APPROXIMATELY TRANSFORMED TO MF4 AND MF5.

M5;516ENE§GY DISSTIBUTIONS OF SECONDARY NEUTRONS
“TAKEN FROM’JENDL FUSION FILE. DDX DATA IN MF6 WERE
APPROXIMATELY TRANSFORMED TO MF4 AND MF5.

M5$1§OZPHOTON PRODUCTION MULTIPLICITIES
FROM ENERGY BALANCE.

MF=13 PHOTON PRODUCTION CROSS SECTIONS

MT=3 ABOVE 2 MEV&
CONSTRUCTED FROM THE DATA FOR 5 ISOTOPES, USING MULTIPLICITIES
CALCULATED WITH EGNASH /2/ AND CROSS SECTIONS.

MT=4 BELOW 2 MEV&
CONSTRUCTED FROM LEVEL EXCITATION CROSS SECTIONS OF ISOTOPES
AND TRANSITION PROBABILITIES TAKEN FROM ENSDF.

MT=103, 107 (BELOW 2 MEV
MADE FROM THE DATA FOR ISOTOPES CALCULATED WITH EGNASH.

MF=14 PHOTON ANGULAR DISTRIBUTIONS
MT=3, 4, 102, 103, 107
ASSUMED TO BE ISOTROPIC IN THE LABORATORY SYSTEM.

MF=15 CONTINUOUS PHOTON ENERGY SPECTRA
MF=3 (ABOVE 2 MEV&

CALCULATED WITH EGNASH.
MT=102

CONSTRUCTED FROM THE DATA FOR

SPECTRA WERE CALCULATED WITH CASTHY FOR 5 ISOTOPES, REFERRING

TO THE COMPILATION OF GAMMA—RAY SPECTRA FOR THERMAL NEUTRON BY

LONE ET AL /10/ , AT 1.0E-5, 2.53E-2, 1.0, 1.0E+2, 1.0E+3,

1.0E+5, 5.0E+5, 1.0E+6, 1.5E+6 AND 2.0E+6 EV. PRIMARY

;RANEITIONS WERE TAKEN INTO ACCOUNT FOR ZR-90, ZR-91 AND
MF=103, 107 (BELOW 2 MEV

CALCULATED WITH EGNASH.

REFERENCES
CHIBA, S. ET AL.: JAERI-M 92-027, P.35 (1992).

YAMAMURO, N.: JAERI-M 90-006 (1990)
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%

3) KUMABE, i. ET AL.: NUCL. SCI. ENG., 104, 280 (1990&

4) ENSDF: EVALUATED NUCLEAR STRUCTURE DATA FILE, BNL/ANNDC.

5) HOLDEN, N.E., MARTIN, R.L. AND BARNES, I.L. : PURE & APPL.
CHEM. 56, 675 19843.

6) ARTHUR, E.D. AND YOUNG, P.G.: LA-8626-MS (1980 %

7) STAVISSKIJ JU.JA. ET AL.: AT. ENERGIJA, 15, 323 (1963).
EXFOR 40679004

8) POENITZ W.P. L-83-4, 239 (1982) EXFOR 12832003.

9) FU, C.Y. : ORNL /TM 7042 %

10 %?ggl¥'A' ET AL A AN "NUCL. DATA TABLES, 26, 511



MAT number = 4025

40-ZR- 90 JNDC EVAL-AUG89 JNDC FP NUCLEAR DATA W.G.
DIST-SEP90 REV2-NOV93
STORY
10 EVALUATION FOR JENDL-2 WAS MADE BY JNDC FPND W.G./1/
08 MODIFICATION FOR JENDL-3 WAS MADE/2/.
10 MF=5: SPECTRA AT THRESHOLD ENERGIES WERE MODIFIED.
11 JENDL-3.2.
RESONANCE PARAMETERS MODIFIED BY KAWAI&TOSHIBA%.
OTHER MODIFICATIONS WERE ADOPTED FROM JENDL FUSION FILE.

COMPILED BY T.NAKAGAWA (NDC/JAERI)
*kkkx MODIFIED PARTS FOR JENDL 3 2 kkhkkhkkkhkkhkkhkkkhkhkkhkhkkhkhkkihkkikkh*k

51) RESOLVED RESONANCE PARAMETERS

3 2) (.4, (3,32), (3.81.57), (3,91)

EROM JENDL FUSTON FILE
(3,58-64): DELETED ]
4,16291 TAKEN FROM JENDL FUSION FILE
5.16-91 TAKEN FROM JENDL FUSION FILE
***********************************************************

JENDL FUSION FILE /3/ gAs OF NOV. 1993)

EVALUATED AND COMILED BY S. CHIBA” (NDC/JAERI)

DATA WERE TAKEN FROM JENDL-3.1 EXCEPT FOR THE FOLLOWING:
THE DISCRETE AND CONTINUUM INELASTIC SCATTERING CROSS
SECTIONS WERE CALCULATED WITH CASTHY2Y AND DWUCKY IN
SINCROS-11 SYSTEM/4/ INCLUDING CONTRIBUTIONS FROM
DIRECT REACTIONS.

- ANGULAR DISTRIBUTIONS OF DISCRETE INELASTICS WERE ALSO
CALCULATED WITH CASTHY2Y AND DWUCKY.

- THE (N.ND) REACTION CROSS SECTION (iIT=32) WAS NEWLY
CALCULATED BY EGNASH2 IN THE SINCROS-11.

- ALL ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS WERE
REPLACED BY THOSE CALCULATED BY EGNASH2. THE DDX'S OF
THE CONTINUUM NEUTRONS WERE CALCULATED BY KUMABE®S
SYSTEMATICS /5/ USING F15TOB /3/. THE PRECOMPOUND TO
COUPOUND RATIO WAS' CALCULATED BY THE SINCROS-11 CODE

- OPTICAL-MODEL, LEVEL DENSITY AND OTHER PARAMETERS USED IN
THE SINCROS-Ti CALCULATION ARE DESCRIBED IN REF./4/.
LEVEL SCHEMES WERE DETERMINED ON THE BASIS OF ENSDF/6/.

MF = 1 GENERAL INFORMATION
MT=451 COMMENTS AND DICTIONARY
= 2 RESONANCE PARAMETERS
RESOLVED RESONANCE REGION (NLBU FORNYLA) : BELOW 171 KEV

RESONANCE PARAMETERS FOR JENDL-3.1 WERE TAKEN FROM JENDL-2
AFTER SLIGHT MODIFICATION.

FOR JENDL-2, RESONANCE ENERGIES AND NEUTRON WIDTHS WERE
TAKEN FROM THE DATA OF MUSGROVE ET AL./7/  RADIATION WIDTHS
WERE DERIVED FROM CAPTURE AREAS MEASURED BY BOLDEMAN ET AL./8/
THE PARAMETERS OF THE FIRST RESONANCE WERE SLIGHTLY ADJUSTED
SO AS TO REPRODUCE THE CAPTURE AND AND ELASTIC SCATTERING
CROSS SECTIONS AT 0.0253 EV/9/.

AVERAGE RADIATION WIDTH = 0.190 +- 0.110 EV FOR S-WAVE RES,

0.270 +- 0.120 EV FOR P-WAVE RES.
0.280 +- 0.120 EV FOR D-WAVE RES.
THE EFFECTIVE SCATTERING RADIUS OF 7.0 FM WAS ASSUMED.

FOR JENDL-3, THE PARAMETERS OF THREE D-WAVE RESONANCES WERE
MODIFIED AND A NEGATIVE RESONANCE WAS ADDED SO AS TO REPRODUCE
THE THERMAL CAPTURE CROSS SECTION OF 0.10+-0.07 BARN MEASURED
BY POMERANCE/10/, AND THE RESONANCE INTEGRAL GIVEN BY
NUGHABGHAB ET AL 79/

FOR JENDL-3.2, THE PARAMETERS FOR THE LEVELS MEASURED BY
BOLDENAN BT AL ZiN THE ENERGY RANGE UP T0 1050 KEV VIERE
REEVALUATED USING THEIR CAPTURE AREA DATA MULTIPLIED BY 0.967
ACCORDING TO A CORRIGENDUM REPORTED BY ALLEN ET AL./11/. THE
NEGATIVE RESONANCE WAS REMOVED BECAUSE THE POSITIVE RESONANCE
PARAMETERS REPRODUCE WELL THE THERMAL CROSS SECTIONS/12/ AND

RESONANCE INTEGRAL.
NO UNRESOLVED RESONANCE REGION
CALCULATED 2200- M/SZSBSSS/EECTIONS AND RES. INTEGRALS (BARNS)

RES INTEG.
TOTAL 5.376
ELASTIC 5.365



CAPTURE 0.0112 0.174

MF = 3 NEUTRON CROSS SECTIONS
BELOW 171 KEV, RESONANCE PARAMETERS WERE GIVEN.
0

IN THE EVALUATION FOR JENDL-3.1, ABOVE 171 KEV, THE SPHERICAL
OPTICAL AND STATISTICAL MODEL CALCULATION WAS PERFORMED WITH
CASTHY/13/, BY TAKING ACCOUNT OF COMPETING REACTIONS, OF WHICH
CROSS SECTIONS WERE CALCULATED WITH PEGASUS/14/ STANDING ON A
PREEQUILIBRIUM AND MULTI-STEP EVAPORATION MODEL. THE OMP®"S FOR
NEUTRON GIVEN IN TABLE 1 WERE DETERMINED BY I11JIMA AND KAWAI/15/
TO REPRODUCE A SYSTEMATIC TREND OF THE TOTAL CROSS SECTION. THE
OMP*S FOR CHARGED PARTICLES ARE AS FOLLOWS:

PROTON = PEREY/16/

ALPHA = HUIZENGA AND 1G0/17/

DEUTERON = LOHR AND HAEBERLI1/18/

HELIUM-3 AND TRITON = BECCHETTI AND GREENLEES/19/

PARAMETERS FOR THE COMPOSITE LEVEL DENSITY FORMULA 