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ABSTRACT

‘Phe differénces between the Saclay and Livermoie

- photoneutron cross secticns age discissed. It is shown that

the differences between Saclay and Livermore {(y,n) and (y,2n)

cross sectidns.arise'froh*theaméﬁtronjmulﬁipiiéity*sqiting.

‘[NUCL.EAR REACTIONS , photoneutron cross $ections apaly;zea]
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_data are;lllustratedaln;Eig.

INTRODUCTION: -

'ﬁpbotoneutron cross: sections ha

uthytworlaboratories: Saclayg_and-

.leermore The avallable results are complled in the "Atlas7

of Photoneutron Cross Sectlons obtalned w1th
u(l)

Monoenergetic
Photons There Ls also ln the llterature a few rev;ew ar-

tlcles O the sub]ect but none: oﬁ these publlcations has _5ad'_

dressad: the problem of the differences hetween the meaeure—'

ments, performed,b,,Saclay and leexmore. In this p&per o we

compare the Saclay and Lrvermore measurements fer the- nuclei

llsted ln Table I. 7:-

The typlcal dlfferences between Saclay and Livermore-

l, where the Ly ) measurements

FromrSaclay-ahd;Livermorenareashown.”The resultsufrom:LiveINOr

re are- multlplled by: 1 06 Ln order to ShDW‘bOth cross -sec-

tions in the same absolute scale The cross sections are . in

.good agreement up “to; the (T,Zn) threshold Above this energy

,,there is: an 1mp tant dxfference the Livermore cross 'section

:;vanrshe5+a;ﬁew Me

above the {Y,Zn) threshold in good agnxment

.hewstat;scal model,_whlle.the Saclay

In ref 7), the observed tail of

. ;he_sap;ay croes“eectlon.ls.rnterpreted as arising: from, fast

.peutrons that would have:escaped: detection ;ﬁ-the Liyvermore.

measurements, leading-to. the conclusion thatgfor~l59Tb the
contribution of the "direct effect" in the photoneutron-cross
sectioh is nd =23+ .4 percent ‘In Table IT the percentagm of

direct’ neutrons. lnferxed by Saclay are gu&n for several _nu—

clei.

Figure. 2 shows:the(v,ZnJcroSS sections:from . Saclay

and Livermore. The(y,2n)cross sections differ . in shape . and
magnitude,. the: Livermore one being, much bigger. Eventhough up

to the {v,2n)threshold the (v,n)cross section from Livermore

L

GT;n , and Saclay, inn y, differ by only.G percent in. the ab-

r

solute scale, their integrated cross sections up to_Z& MeV are

1413 and 1936.MeV mb, respectively While the integrated'(y,n)

cross sectlon from Saclay is 37% blgger than: the leermore re

sult, thelr rntegrated(y,2n)cr055 section is. 47% smaller

-ANALYSTS OF THE PHOTONEUTRON DATA

In order to understand these differences we. reconSf
tructed the total neutron measurements from Saclay_and.hiverf

more:

= + .
UYitjn UY'rn .20"{:21'! + 30'\",31‘: (l)

Since cY,tn is the cross section.measured:anqathe {r,n) _and

{y.2n}) cross sections are obtained by neutron .'moltiplicity




) e e s ) . 8 : - L .
Sortlng{ it is important to compare Uy,tn and Uy,tn‘ This com

parison has not been discussed in the literature . Figure 3

shows“d+ tn from Saclay and Livermore-for,lsgfb. In figure 4
- % L
the ratio r = Uthn(GY:tn is shown. The ratio is reasonably

constant and the least sguares fit of a constant yields the
value r = 1.062 & 0.011. In order to compute r we interpola-

...8 pr . ;
3tgdf°y and o » Since their data points are not at the

same’ phivton- énegies. Ohe important conclusion can be derived

tn

'fromzfigufé 3: both Iaboratories are detecting the same num—
bar:of neutrons. for all phdton energies. If there were fast
neutrons escaping: detection in the Livermore measuremeénts abo

ve 20 MeV, r should increase above this energy. The value of

the ' constant r is the difference in the absolute scale: of
both measurements. Figure 4 shows 63 tn Multiplied by 1.06
and,df’tn., just to illustrate the good agreement between

them;-when-they:afe plotted at the same absolute scale.

Since both Laboratories agree as to the total num-
ber of ﬁeutrons detected, the_differences‘in their (y,n) and
(v, 2n)cross éeCtions:ariSE-from.the separation of the total
counts into (Y[n}: and  {y,Zn) events.(neutron multiplici
ty sorting}. .

‘ If ‘we-assume that the excess (y,n}cross section in

the.Saélameeasurement is due to(y,2n)events interpreted as.

two{#,ﬁ]e?ents; that is, if we compute:

st _ 8 1 - L (2)
9, 2n = %,2n + 5 {o n l.ﬂﬁcy’n)

we obtain for o>, the solid lire shown in figure 5. The mo-
dified %y ,2n CTOSS section from Sgc};y.aggees,well..with #he
{¥,2n) cross section from Livermore multiplied by 1.06 (data
points) -

The same analysis carried out for 1SBTb was repeated
for all nuclei'listed.in Tabléfl. The results obtained for

these nuclei are presented in detail in a report from our Ins

titute, available upon'requés£(17). Here we shéﬁ'only the re-

sults obtained by fitting a constant r to the ratio
f,tnlof,tn' The values of r and the standard deyiation of

the mean a?e listed in Table I. For all these nuclei we obtai

lngb:

ned results similar to
a) Both laboratories are detecting the same number
of neutrons versus the inéidéﬁt:photon energy;_

bj-ds n’is biéger tﬁaﬁ' ro aboie_the (Y;Qn) thre—

. Y N
shold.
. =3} 5 is s aller.than roL
_ UY'2n m ] y.2n°
S - s s - S
. ; : . h a1
4) 1f 9, 2n IS modified using eg. (2), then €, 2n d
S . : L L ,
: ! r respectively.
GY,D are in agreement with r?7,2n and UY’n, P ¥

The analysis pérforﬁéﬁzhere shows that the differen-

‘cés in shape and -magnitude in -the (y,n) and (y,2n} cross sec-

tions measured by Saclay and Livermore arise from the-neutron

multiplicity sorting.




Percentage of ‘direct neutrons obtained by Saclay.

TABLE II

5.
TABLE I
Nuclei neasured by Saclay {S). and Livermore {L}..
. a) _ a) 5 -
Nucleus JUY,H(ET)dEY' Lo JOY.Z' .(E-Y)dEY ef.
(Mev.m§~ iﬂev-mb-
89y 12797 5 s 2 11355 0,005
960 L 99 L 3. )
115 1470 S.. 278 s 4. 6.942 * 0.004
1354. % 508 I 5, .
17 1334 s 220 s ¢ 1.012-% 0.007
1380'_L 476 L 3
1302 L 531 L - 5 R :
120Sn 1371 s 389 s e wQ:sBTYLJO;OOJ-
1389 L 673 L ‘5 ) ) )
1245, 1056 s 502 s 4 0.920°% g.006
_].285_ L 670 L 5 .
133C_S 1828 : S‘_ 328 s 4. 1,106 ..—_'0;._007
_ 1475 L . 503 L & o
lSB’.‘Th 1936 s 605 s 7“. 1.062 0.0011
1413 §87 L 8 )
165HO 2080 s 766 S 7 1.136 0.007
1735 L 744 L g :
181T§_ 2189 $ 790 s 7 1.218 * 0.018
1300 . . 881 L 10:. .
lg?Aﬁ 2588 s 479 s 11 1.004 0.013
2190 L 777 L 12- -
208 27 R
b 31 s 328 s 11 ©1.296 * 0.011
1776 L 860 13 R

a} From reference 1)

Nucleus ny (%) References
EL I 25 7 14
esm,;., 15 % 7 '_14:
SéMo' 107 14

160Mo- 1% 7 14
139, 28t 5 7
14ocle 12 i.a 15
142, :10 3 15
Natém 10 £ 3 15
15§Tb 23 * 4 7
165#4 _ 232 4 ' 7
-N#ﬁEr 11 *3 '15
175_1:.11 15 % 3 15
181, L2212 7
1975, 20 F 4 11
208, 15 * 4 1
238, 14 2 16

6.
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- . PLGURE. CAPTIONS

Flg.-l -(y,m cross: semusms ﬁxm_&xﬂay(solnillne) and leermore
' "159;

jexperlmental p01nts) for Tb TherLl‘ermore data
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Figure 1
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