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Abstract: Absolute measurements of the 258U fission cross section at
e neutron energy of 5.0 MeV have been carried out using the TCAP-

~technique.
The results of the

255U fission cross section absolute measurements

obtained earlier have been revised on the basis of both experimental
measurements of the fission fragment detection efficiency and more
precise determination of the fission foil areal densities as well as

their nonuniformities.

(fission cross section, 255U, 238U,

TCAP-method, fission fragment rew=

gistration efficiency, fast neutrons fission)

Introduction

Within the scope of collaboration of
the V.G.Khlopin Radium Institute, Lenine
grad, USSR, and the Technical University
of Dresden, GDR, absolute measurements of
the fast neutron induced fission cross
sections for the most important reactor
fuel nuclides are carried out starting
since 1995,

To perform the measurements, the time
correlated associated particle method
(TCAPM) was realized for a number of the
neutron energy spot points in the range
from 2 to 20 MeV corresponding to all
fission chances.

This paper presents the results of

measurements for 22y at the neutron
energy of 5,0 MeV completed recently.

The TCAPM is one of the most precise
methods which provides in principle a
high accuracy of measurements. At the
present time the main source of the sys—
tematic error is the fission fragment ef-
ficiency because the improvements of the
TCAPM we have carried out made it pos-—
sible to reduce essentially other compo-
nents of the total uncertainty. Up to
now the correction for this effect was
obtained by calculations based on the
White's recommendations /1/ both in ear-
lier works and in the great majority of
measurements carried out by other authors.
Obvious disadvantages of this method
forced us to perform a direct experimen—
tal determination of this correction for
every fission foil used. Such measure-
ments have been carried out for the whole
set of the 255U foils.

258y Fission Cross Section Measurement

The method of measurement and experi=-
mental set-up were described in detail

/2/. Since the 238U fission cross sec=

tion for 5.0 MeV neutrons is rather small,

the neutron flux was increased and a set

of 9 fission folls was used instead of
that of 5 foils. The conditions of the
measurements were optimized carefully
taking into account quite a number of con-
flicting requirements.

In the end of optimization the main pa-
rameters chosen were as follows:

- neutron energy of 5.0 MeV (instead of
4,45 MeV in /2/) at a 6.4 MeV deuteron
energy; ‘

- the angle between incident deuterons
and the registered associated helions
anounted to 35.5°%;

- the target to the associated particle
detector distance was equal to 136 mm,
with a 9 mm -~ detector aperture;

- the thickness of (CDz)n-target was dew

creased to O.4mg/cme; the thermomechas=
nical strength of the target was im-
proved by fast electron irradiation;
-~ AE detector of the telescope was 13 um
thick, 9 mm in dia.; the thickness non-
uniformity was less than 200 keV when
measured with the aid of alpha-particles.
© The background in AP-channel was from
0.5 to 2.0 per cent. A correlated back-
ground in the ionization chamber did not
exceed 0.01 per cent.

The 238U fission cross section was

found to be (0.542%0.011) «10~%*cn®, This

value is in good agreement with the ENDF/

/B=V evaluation (0.553-10'24cm2), and is
to be considered.as preliminggguone as
well as all our results for obtained
earlier., The final values will be ob~
tained after an additional investigation
of fission foils.

Fission Cross Section of 253y

Additional agnalysis of the 255U figsi-
on foil characteristics comprised
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- new measurements of the fission foil
masses,

-~ careful measurements of the nonunifor-
mity of the foil areal density,

- experimental determination of the fige
sion fragment detection efficiency.

The results of all the 227U fission
cross gection measurements performed ear-
lier at the neutron ener
4,45 MeV /2/, 8.4 MeV /4/, 14.7 MeV /5/
and 18.8 MeV /2/ were then corrected.on
the basis of this analysis.

Fission foil masses
en the fisslon samples were assayed

earlier, thelr areal densities were de=
termineé a8 averaged ones over the whole
sample area. However, as the neutron
cone profile measurements showed, the
main part of the neutron cone, including
80 to 90 per cent of mneutrons, occupied
only a central part of the sample area
with a diameter of about 10mm.
new measurements of the sample area den=
sity were carried out by alpha~scanning
with a small aperture detector (a 4.174mm
dia. diaphragm on the sample surface).

The following recommended half=-lives

were used to calculate the samples masses:

of 2,6 MeV /3/,

Therefore,

Tl/2(254u) = 2,446.10° y /6/,
Tl/2(255u) = 7.037.10% y /6/,
1) ,,(7%) = 2.346107 5 /7/.
Total areal densities of sample sets

used in 5 measurements mentioned are giv-~
en in Table 1 in comparison with the for—
mer values.

Uniformity of areal densities 23
In our earlier papers /o=5/ the >y
sample uniformity was estimated using two
diaphragms 10 and 19mm in dia., which was

found to be better than 1%. It was not
analysed more accurately because the cor=
rections for this effect were not introw-
duced and nonuniformity was taken into ac-
count as a component of the total uncerw
tainty. Then it was measured in detail
by two wayss
- by a counting of alphas emitted from
the sample surface limited by a 8 mm
diameter diaphragm, :
= by the method of Rutherford backscat-
tering (RBS) of 1.7 MeV alphas from a
Van-de~Graaf accelerator, the spot dia-
meter being 3 mm /8/.
A spot in the sample center and 8 pe=-
ripheral spots over 45° on the middle

Table 1. Total areal densities of 222U foil sets

Neutron Foil Total areal density (‘pg/cmz) Difference,
eagﬁgy, No. New value Former value (per cent)
2,6 IV,V 674 +8(20.99%) 67841(21.00% -0:50
4,45 I,IT,IV4IXX 1747.2 10.72% 177347 ;0.93% -1.51
8.4 I,Iv,V,VII,IX 1714 .4 30.82% 1738.6 30.96% =1 47

18 08 17#702 "007%) 177307 "0093%) "'l 051

I,II,IV,I,X

vir t1 X

6’0 I
| 1x

0,2 0,3
¢, mg/cm

0 0,1 5

Fig.,l Fission counting rates in

the 2350 samples related to their
alpha-activities and to the neutron
flux vs. sample areal densities

Fig.2 PFission counting rates in

the 2%y samples related to their
alpha—~activities and to the neutron
flux vs. heights of the fragment

Pulge=beight spectrum plateau Pp
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circle were measured /9/.

The results of various measurements
confirm on the whole the nonuniformity
to be less than 1%.

Fragment detection efficiency

Two methods were ugsed to measure the
fragment detection efficiency.

In the first one fission rates in the
samples investigated related to their al-
pha=activities and to the neutron flux
were measured vs. sample areal densities
8 (Fig.l) or vs. the heights of the frag-
ment pulse-height spectrum plateau (Fig.
2) /10/. In this case the plateau height
is assumed to be the ratio of an integral
over the fragment pulse-~height spectrum
in the plateau region for a 1 MeV energy
interval to an integral over the total
spectrum area (in per cent). Calcula-
tions performed in Technical University
showed this parameter to be in direct de-
iendence on the fragment self-absorption

n the sample layer.

In both cases the sets of experimental
points were fitted by straight lines ex-
trapolated either to zero areal density
or zero plateau height. These extrapo-
lated points corresponded to 100 per cent
detection efficiency (all the fragments
escape the layer). The correction value

& apg for i-th foil was calculated as
follows ‘ 7

Cavs = 41 = Eexer 1
where - Qs

A, =

i Q

Eextr i - is the correction for extra=-
Table 2. Corrections for fragment count-

ing losses (per cent). First method.

polation to zero of fragment pulse-height
spectrum for i-th foil.

The values of corrections obtained are
given in Table 2.

The second method of the fragment de-
tection efficiency determination was bas-
ed on the fission rate measurements both
in 27T ~-geometry (szr) and in a small so=-

1lid angle (Nu). N,op —values were cor-

rected for extrapolation to zero of the
Iragment pulse-height distribution (Nex).

The solid angle 5Zeff was determined

using a calibrated Cf spontaneous

fission source and was found to be

0.04554 with an uncertainty of 0.32%.
The corrections & abs obtained using

this method are given in Table 3.

As can be seen from Tables 2 and 3,
the results of the correction determina-
tions are in a rather good agreement be-
sides those for VII, IX, X foils. These
foils were prepared simultaneously, are
of a worse layer quality and probably
contain some impurities not observed in
the of= counting. The weighted mean va-
lues of corrections are given in Table 4.

In this Table the effective fragment
ranges R were calculated using fragment
losses obtained Eabs according to White's

expression & = ég, where t is foil areal’

density in mg/cm<.

The corrections obtained were measured
using thermal neutrons. For the fast
neutron induced fission these values were
corrected for transfer velocity brought
in by incident neutron and fission aniso=
tropy according to a method proposed in
/11/. The corrected values are given in
Pable 5 .

Results of 235y fission cross gection

Total losses

measurements

Correction
2§%°whald of Correction for frage the upper part of Table 5 the fig=
Foil ¢ R for zerec ment los—
No. §42—33~E~——3 extrapola- ses due to Table 3. Corrections for fragment counte
ase ase¢ tjon self-ab- ng losses (per cent). Second method.
%?9 ) a??hﬁ sorbtion -
T 9 I I3 f‘gil N (9] N27'r Nex é:ab.-a-,,% Aéabs,%
, a a1 ex sgbsAéabg :
I 341 5.04 1.75 2,49 1.05 I 33374 700187 10451 3.03 0.68
II 4:18 5.89 1.82 3.22 1,06 IT 63113 1326864 17968 3.05 0.56
IV 5.2 6.83 2,37 3462 1,02 IV 158918 3272255 67323 4.49 0.57
VII 748 9,08 2.53 577 1.04 VII 146785 3034056 58777 4.22 0.56
X 9:79 11.40 287 7.74 1.06 IX 1%2928 2723232 66556 4.61 O.64
X 774 939 2452 6.06 1,10 X 141445 2901770 64137 4.72 0.58
XITI 1.09 2,86 O¢H4 1,06 1,31 XII 65659 1429622 6729 0,38 0:51
XITT  l.44 2477 0.96 1.15 1.23 XIII 61969 1337865 7308 1.16 0452
Tgble 4., Welghted mean fragment counting losses obtained from the measurements made
by two methods.
Foil No. I II Iv VII X X XII XIIT
Eavs? # 2,93  3.09 4,28 4456 5.45 5.0 047 1,16
AEgbs 0s57 049 0.50 0,50 1,30 0.51 048  0.47
R, (ms/cmz) 4,57 4.8  4.70  4.15 3452 4.07 6,70 4,87
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Table 5. Corrections and uncertainty components for 235U fission cross gection meag~

surements (per cent).

Corrections and uncer-
tainty components

Neutron energy (MeV)

2eo [] 4o /27 S /4/ 4/ /of 18«8 /2/
I. Values published earlier
Nonuniformity 20440 20.72 20.9 20,50 20.72
Oone geometry 0.25¢0,05 0,05¥0,05 0,15%0,05 ¥0,20 o0.12%0,08
Statistics 20.80 .26 31.52 0.6 3.0
Random coincidences 844720,45 1.40%0,17 7.46%0.,55 3,00%0,10 2.82%0,21
Extrapol. to zerc 1.36%0.35 1.18%0.26 2.25%0.67 0,50%0.,10 1.67%0,16
Fragment absorbtion 2.11%0.30 2.00%0.85 1.97%0.30 0,28%0.20 1.73%0.78
AP-channel background 2.37%20,50 2.32%0.,67 2,82%0.25 0.30%0,10 5,62%1.35
Neutron flux attenuation 0.9720,25 0,25%0,40 0,23%0,40 2.50%0,30 0,44%0,40
Correlated background - - - - 1.72%0,04
S¢(v) 1,25 1.057 1,801 2,085 1.999
z&é;f/é;F (per cent) 1.53 2.10 2.29 1.18 2.25
II. New values
Nonuniformity % .08 %1.02 $ .00 %0.29 % .02
Fragment absorbtion 3.46%0.56 3.73%0.67 3.34%0.68 1.32%0.48 3.33%0.69
Cone geometry 0.00%0,00 0.00%0,00
Final (5{ (b) 1.238 1.093 1.853 2.094 2.065
A8/ G (per cent) 1.9% 2.07 2.34 1.09 2.37
64 ENDF/B-V  (b) 1.263 1.115 1.782 2.101 1.958
sion cross sections as well as correc= 4e I.D.Alkhazov et al.: ibid, p.35
tions and uncertainty components are give 5» R.Arlt et al.: Kernenergie 24, 48,
en as obtained and published earlier. (1981)
The new values obtained in this work are 6. R.Vaninbroux, A.Lorenz: Proc. of
given in the lower part of Table 5. It Advisory Group Meeting on Nuclear
¢an be seen that the former values and Standard Reference Data, Geel, 1984,
the new ones are in the error bar limits. - IAEA-THCDOC=335, p.69
It should be emphasized in conclusion 7. V.Md.Surin, E.F.Fomushkins Voprosy
that a careful experimental determination Atomnoi Nauki 1 TeChnlk15 Serija;
of the fission fragment detection effici- Jadernye Konstanty, 4(48), 3(1982)
ency is a very important and necessary 8. K.Merla et al.: Ann. I_iep. 1985 on
condition to provide a high accuracy and Nuclear Physics Activities and Ap-
reliability of the fission cross section plications, Dresden, GDR, 1986,
measurement results. - ZfK-584, p.ll6
It is obvious now that the determina- 9, I.D.Alkhazov et al.: INDC(GDR)-036
tion of fission detection efficiency by (1985)
the calculation procedure we used earlier 10. C.M.Herbach et al.: ZfK-621, 1987,
gave the underestimation of fragment los- p.19 .
It is also clear that these correc- 1l. R.ATlt et al.: Preprint 05-5-79,

ses.,
tions are to be determined experimentally
for every target used.
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