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Eugene Paul Wigner (November 17, 1902 — January 1,
1995) was a Hungaria ysicist and mathematician who
received the Nobel Prize in Physics in 1963 "for his
contributions to the theory of the atomic nucleus and the
slementary particl yarticularly through the discovery and
application of fundamental symmetry principles". In 1939
and 1940, Dr. Wigner played a major role for a Manhattan
Project. In 1946, Wig ac aj director of
research and development at Clinton Laboratory (now Oa
Ridge National Laboratory) in Oak Ridge, Tennessee
Wigner returned to teachi nd research at Princeton

\_ University. /

(-.r r . eptember 8 :m\
us rm an physicis SC ersities in
oW , Wisconsin, Yale, Suffalo. Together with Eugene
Ni he gave a des le resonant states.
Du he ear ages ( \ reit wa sen to
supervise the early desigt e first ic bomb during an
¥ Kearly phase in what would later become the Manhattan Proiect)

Gl’eg ory Breit http://en.wikipedia.org/wiki/Eugene_Wigner Gregory_ Breit
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JENDL3.3 Resonance Parameters of 109Ag
(Example)

CPAF-JAEA NmES.

ZA AWR ABN (Abundance) NIS(No. of Isotopes) MT=151
LRU Resolved resonance) NLS (No. of 2) MF=2

4,710900+4 1.0796Q042 0 0 1 04731 2161 1
ZAI(Z,A) 4,710800+4 1.000000+0 0 0 2 NER 04731 2161 2
EL  1.000000-6 7.008600+8 EH 1 2 [RFMLBW)g Aro 04781 2161 3
4

B

spr 6.000000-1 7.060000~1AP (Radius) 0 0 2 04731 2161
1.079680+2 0.000000+0 0 0 1734 289%
b.180000+0 1.000000+0 1.487000-1 1.270000-2 1 .350000-1% NRS
3.040000+1 1.000000+0 1.363000-1 7.300000-3 1.280000-1 0.000000+0473 [
4.,010000+1 1.000000+0 1.372000-1 6.200000-3 1.310000-1 0.000000+04731 2161 g8 6"NRS
6.670000+1 0.000000+0 1.768000-1 8.680000-2 1.880000-1 0.000000+04731 2161 g
7.080000+1 1.000000+0 1.434000-1 2.640000-2 1.170000-1 0.000000+04731 2161 10
8.770000+1 1.000000+0 1.372000-1 6.200000-3 1.310000-1 0.000000+04731 21561 11
8.160000+1 0.000000+0 1.301000-1 8.888880-b 1.300000-1 0.000000+04731 2161 12
1.083000+2 1.000000+0 1,801000-1 9,889880-b6 1.300000-1 0.000000+04731 2161 18

ER, Al GT, GN, GG, GF,  MAT (Material No.)
LI B
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The Oak Ridge Electron Linear Accelerator (ORELA)

CPAF-JAEA 1=

(n.y)
40 station Flight path #7

T R

- ,F.a’

150 MeV e linac.
At =2 —-30ns.

P <60 kW.

Rate = 1 — 1000 Hz.
11 Flight Paths.

8-18, 20, 35, 40, 85,
150, and 200 m
flight stations.

ORELA

206,207,208ph, Capt., Trans.
159Th, Capt.

136Xe,Capt, Trans

Transmission
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Fig. 16.10 Neutron transmission spectrum for a natural uranium sample. Numbers associated with the
absorption dips in the spectrum are resonance energies in electron volt.
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Transmission Experiment

e CPAF-JAEA -,

_ ( Iin B Bkgin )/ mon;,
e ( Iout _ Bkgout )/ mon,,,

= exp( —No, )

1
Oy =—— Iog(Ttrans )
n
) . 6000
Tians: Transmission
o, total cross section
n:sample thickness

5Mn(336eV)

4000

59Co(132eV)

Counts per Channel

l,,: sample in counts

l,,i-:Sample out counts

Bkg,,: Background (to sample in)
Bkg,:Background (to sample out) : . .

mon: monitor counts T ey w w

2000 |

1097¢(5.19eV)

N ————————

°In(1.457eV) Thermal Bump

e —

[

Sample Changer to

compensate the neutron Black Resonance Filter Method for
fluctuation Background Determination
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CPAF-JAEA R

Sample thickness correction

IS necessary

NEUTRON ENERGY

EI;zeV ZkFV lk:e"u’ 50(:.' eV 200 eV lﬁq eV
RS0 N E g .
20000 [ 12 i I
| Y, d/=N,d/-n, -0, [scm ]x C,.xC,_. 0—-0
. T —— Ces \
orrection

correction

|
] |

10000

500 600 700 800 900 1000
CHANNEL NUMBER

Fig. 16.11 The number of capture counts per channel for a 0.8 mm thick tantalum sample plotted aginst
neutron time-of-flight. (Electron pulse width 0.5 gsec, Channel width 0.5 useec, Flight path

length 52 m).
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Fig. 16.12 The number of scattering (below) and capture (above) counts per channel versus neutron time-
of-Aight for 0.026, 0.39 and 1.9 mm thick samples of tungsten. Resonance energies and the
isotopes responsible for the resonances are shown.
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Fig. 16.13 The number of fission counts per channel plotted against neutron time-of-flight for a #*U samplej
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Resolution Broadening

CPAF-JAEA Ny

/ 1 1 (L)Z (72.3><L)2 \
E="mvi=—"ml —=1| =
2 2 |t t

m = 938( MeV ) /(2,9979x10°(m / s))?
=938x10° x1.602x107" /(2,9979x10%(m/s))’kg =1.675x10""" kg

> I
Target

(Moderator) dE / E =((2dt /t)? +(2dL/ L)*)"* Sample
Detector)
=((2dt/(72.3* L)*.JE. )2+(2dL/L)2)“2 (

f.(E)=

Lc

K A =§E2[(Atclt)2+(4|_/ L)?] j
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Doppler Broadening

CPAF-JAEA R

/ (E" - E)Z}J( . )\

1 r
o~-(E)=~x dE exp< —
-(E) AD&_L p{ )

o AmEKT
. M M
m : mass of neutron, o Q-
M : target mass, " Thermal Motion

k : Boltzmann' s constant,

&F . effective temperature of sample material /
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THERMAL CROSE SECTIONE

= 401402600 b
= 187. b
= BT B
n-:-i-?-- 110. b
= 30.7:2.1 mb
= 5504 mb [ "eNdE] [0+]

=g, o=
= 235 mb [2+]
bw =g4=11i rm rrl —_— —
{211
R = 8.3:0.2 fm /’ N\ ,\\\'
£, = L7102
RESONANCE PROPERTIES
—

<l p= 0L0BZ+0.002 eV

Dy = 2.220.2 &V

Sy = 4.6:0.6

@
LT

oORee 899
posoRo

5, = 0.320.1
8. o= 282228 -
0
fy = 2390 b CPAF-JAEA
RESONANCE PARAMETERS
I = F/2° RAbn = 139 5, = TEB5.5:20.7 keV
u.,lf-i-] = FIRTT0. b ﬂ',f—} = 2 b u‘,[B# = 365. b
Ey (V) J 2gl, (meV) r, (mev) 2% (meaV) I, (pev)
=0, 283 3 (82} 0.277 0.28 20,12
0. 08730 pOD2 4 0.6800: O.009 a0, 5y 0.8 1.92 0.03 0. 070,010
0.872 20.003 4 0.83%: 0,045 6.8z 1.0 0. 80420.048 0. 023:0.008
4.93 =20.03 i 2.40 ¢ 0.25 61 3 1.08 20.11 o, 025:0. 007
G.43 z0.05 3 0.83 =« 0.28 68 2 3 0.28 x0.11 0. Da5+0. 023
B.9% =20.07 L] 1.1 = 0.7 a8 i 4 3.71 +0.23 . 036840, DOS
12.03 =0.08 3 1.6 & 0.2 62 6 0.48 =0.08 0.19 x0.05
14.91 20,10 4 8.2 & 0.2 72 x+ B 1.61 +0.05 0.05% +0.02
15.85% z20.10 a 0.32 & 0.04 0.08 x0.01 <. 48
17.1 0.1 4 2.30 + 0.06 4 t 5 0.556:0.015 <0.073% .
23.2  40.1 4 1.00 + 0.02 72 8 0.208:0.004 <007 I : constant
4.6 0.1 4 0.35 £ 0.02 0.07120,004 y . .
25.2 £0.1 3 13.70 £ 0.17 BG & & 2.720:0.034 0.11 £0.02 I S E
— L e L e e e ", is proportional to Sqrt(En)
28.0 0.1 3 0.53 £ 0.03 0. 1000, 008 0.7 0.3
29.9 0. 1 3 2.8 =+ 0.1 0,33 20.02 0.21 =0.02
30.8 £0.1 4 10.8 & 0.2 73 & 7 1.91 20.04 0.02 20,01
33.89 +0.1 4 6.3 & 0.2 67 =212 1.08 +0.03 0.017
40.2 z0.1 ] 23.8 = 1.0 110 22 3.75 0.18 0.38 :0.03
41.13 £0.1 3 21.0 = 1.3 1048 + 4 3.27 0.20 0. 37 +0.03
44.3  =20.1 4 GE.0 = 1.2 115 10 9.82 +0.20 0.03 0.0
45.1 0.1 4 11.0 = 0.8 52 111 1.64 x0.08 0.05 +0.02
48.5% 0.1 3 5.684 2 0.18 0. A02:0. 026 011 +0.02
50.5 20.1 3 2.4 % 0.2 0.34 20.03 0.32 +0.186
5.6 20,1 L] 47 + 2 TT =+ 8 6.2 0.3 0.028:0.015
57.4  a0.1 4 32.0 : 0.8 128 12 4.22 £0.11 0.03 +0.02
58.7 0.1 4 683.2 = 2.0 123 12 B.22 20.26 0.01
60.8 +0.1 3 4.1 + 0.2 0.53 =20.03 <0 . 04
82,1 0.1 4 a9 + 2 110 =12 4.9 20.3
G4 .8 0.1 4 50 + 2 g.2 0.2 0.6 £0,02
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EERfEMTO—bF

CPAF-JAEA IRy

Atta-Harvey : Trans. Single Level B-W, Area Analysis, Atta-Harvey

SIOB: Trans. Multi-Level B-W, Shape Analysis, de Saussure et al.

TACASI: Trans, Capt., Self Indication, Single Level B-W,
Shape&Area, Frohner

LSFIT: Cap. Single Level B-W, Shape&Area, Macklin

SAMMY: Trans. Capt. Fission etc., Reich Moore, Larson

B,
N
N
\

Resonance-resonance interference
Resonance self-shielding

Doppler broadening

Multiple scattering

Experimental resolution broadening

N

\ Normalization, Background Fitting
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Sammy R—-M. MLBW

CPAF-JAEA IR

Reich-Moore 2=
C.W. Reich and M.S. Moore Phys. Rev., 111, 929
(1958)

In the MLBW approximation, all off-diagonal elements of
level matrix A are neglected.

In the RM approximation, only those off-diagonal elements
arising from photon channels are neglected.

The MLBW formulation does not include level-level
Interference nor the multi channel features of RM

For isolated resonances of non-fissile nuclei, the values
for these parameters would be equal in the two cases.
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Area Analysis
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Area Analysis@) 45
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SIOB Analysis(H > ILDESIZEDTHE)

CPAF-JAEA IRy
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SIOB Analysis for
107Ag and 199Ag

CPAF-JAEA

For analyses,
['y=130meV for 197Ag
['y=140meV for 19°9A¢g
are assumed
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Cumulative Level
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Fig. 4b. gI" ° versus energy for levels in 149Sm. The
slope gives the s-wave strength function. The dotted
line shows a simple average.

Fig. 4a. gI' % versus energy for levels in 147Sm.
The slope gives the s-wave strength function.
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Porter Thomas Distribution
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CPAF-JAEA IR

Measured at 190m flight path

;

The behavior of the eigenvalues of a
symmetric matrix with random
Gaussian distribution

Vol23(1981)624
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Different sample thickness
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Tb Capture Cross Section

CPAF-JAEA IR
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FIG. 1. The effective capture cross section for a 0.859 g/em? thick metal sample of '**Tb (solid curve) is generated
from the least squares fitting program (see Table I) with Doppler broadening, resonance self-protection, multiple scat-
tering, and Gaussian resolution.
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L20xe Transmission of 36Xe+n

93.6% enrich

CPAF-JAEA IRy

12— | (o) SAMMY Analysis

(a) The resonance near 18.4 keV is not larger
than the resolution of 0.1%. The curve shows a
py» assignment and gives a better fit than ps,
The 134Xe resonance near 17.7 keV has a width
exceeding the resolution. The peak cross
section is proportional to the statistical weight
: ‘ ' | ‘ factor which gives a unique p3/2 assignment.

1.0 T

W (b) The strong resonance near 480 keV could
47 8Gke\/ not be fitted with a single p, resonance.

I’ ,=6200eV :
0.5 |— Py 9n (c) It was necessary to introduce a py,
resonance with the same energy to obtain the

reproduction of the transmission dip.
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*  +480.75keV
Pz gr,=470eV
05 | | 1 'l
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Phys. Rev. C31 (1985) 2041

The 137Xe neutron resonances can be
excited through beta decay from 137] ,
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Sammy R—-M, MLBW
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