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ABSTRACT

E. Wolynec, A.R.V. Martinez, P. Gouffon,

Y. Miyaoc, V.A. Serrac and M.N. Martins

The differences between the Saclay and Livermore pho
toneutron cross sections are discussed. It is shown that the
differences between the Saclay and Livermore (y.,n) and {(y,2n)

cross sections arise from the neutron multiplicity sorting.

Universidade de Sao Paulo - Instituto de .
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INTRODUCTION

tn the last 20 years, photoneutron cross sections ha
ve been measured for many nuclel using monoenergetic photons .
Most of this work was carried out by two laboratories: Saclay and
Livermore. The available results are compiled in the "Atlas

of Photoneutron Cross Sections obtained with
(1)

Monoenergetic
Photons" . There is also in the literature a few review ar-

ticles on the subject but none of these publications has ad-

dressed the problem of the differences between the measure—
ments performed by Saclay and Livermore. In this paper we
compare the Saclay and Livermore measurements fer the nuclei

listed in Table I.

The typical differences between Saclay and Livermore
data are illustrated in Fig. 1, where thé {y,n) measurements
from Saclay and Livermore are shown. The results from Livermo-
re are multiplied by 1.06 in order to show both cross sec-
tions in the same absolute scale. The cross sections are in
good agreement up to the (y,2n} threshold. Above this enerqgy
there is an important difference: the Livermore cross section
vanishes a few MeV above the (y,2n) threshoid, in good agreement
with the p;edictions of the statiscal model, while the Saclay

cross section has a tail. In ref. 7), the cbserved tail of

the Saclay cross section is interpreted as arising from fast

neutrons that would have escaped detection in the Livermore

measurements, leading to the conclusion that for 159

Tb the
contribution of the "direct effect® in the photoneutron cross
section is hg = 23 * 4 percent. In Table II the percentages of
direct neutrons inferred by Saclay are given. for several nu-

clei.

Figure 2 shows the(y,2n)cross sections from Saclay
and Livermore. The(y,2n)cross sections differ in shape and
magnitude, the Livermore cne being much bigger. Eventhough up

to the(y,2n)threshold the (y,n}cross section from Livermore

L
[+
Y.

I

, and Saclay, US

yon ! differ by only 6 percent in the ab-

solute scale, their integrated cross sections up to 28 MeV are
1413 and 1936 MeV.mb, respectively. While the integrated {(v,n
cross section from Saclay is 37% bigger than the Livermore re

sult, their integrated(y,2n)cross section is 47% smaller.

ANALYSIS OF THE PHOTONEUTRON DATA

In order to understand these differences we recons-—

tructed the total neutron measurements from Saclay and Liver-

more:

= + +
®votn T Oy,n Y 29y, on * 39 3 1

Since UY,tn is the cross section measured and the (Y, n) and

(vy,2n) cross sections are obtained by neutron multiplicity



and oL

sorting, it is important to compare as v,tn"
r

v, tn This com

parison has not been discussed in the literature . Figure 3

shows UY tn from Saclay and Livermore for 159Tb. In figure 4
r
) _ 5 L L.

the ratio r = UY,tn/cy,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~
ted °$, n and aL since their data points are not at the
same photon enegles. One important conclusion can be derived
from figure 3: both laboratories are detecting the same num-
ber of neutrons for all photon energies. If there were fast

neutrons escaping detection in the Livermore measurements 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 Uﬁ.tn multiplied by 1.06

and cf €n 7 just to illustrate the geod agreement between
Tr

them, when they are plotted at the same absolute scale.

Since both Laboratories agree as to the total num-
ber of neutrons detected, the differences in their(y,n) and
&y,2nlcross sections arise from the separation of the total
counts into (y,n) and {v,2n} events (neutron multiplici
ty sorting).

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

the Saclay measurement is due to{y,2n)events interpreted as

two (y,n)events, that is, if we compute:

~ for

g% _ 8 1,5 _ L
oL, 2n +.5 (o 1.060

UYfzn B Y0 'an) 2

*
we obtain for 05 2n the se¢lid line shown in figure 5. The mo-
r

dified 9, ,2n Cross section from Saclay agrees well with the
r
{v,2n) cross section from Livermore multiplied by 1.06 (data

points) .

The same analysis carried out for 159Tb was repea-

ted for the nuclei listed in Table I. The results’ obtained

for ©y,tn are shown in part a) of figures 6.to 17, where the
r

50lid line represents the Saclay data and the experimental
points are from Livermore.

- S L - .
The ratio UY,tn/GY,tn is shown in part b} of figu-

res 6 to 17. In order to calculate this ratio, the Saclay and
Livermore data were interpolated to get both cross sections at
the same photon energies. The energy interval, int, used .in
the interpolation is givenin each figure. The solid line in

each figure results from the least squares fit of a constant

1185n, lZOSn' 165 & 181T

to the ratio. For Ho an

a, figures ¢
10, 14 and 15, the fitting of a constant is not statistically

acceptable,but a comparison between o from Livermore and

¥rtn
Saclay indicates a displacement in the energy scale, because

the peaks do not coincide in energy {see as an example figure 14-a )

16555) . The ratio o° . /o” . was also calculated with a verisble e-
¥.t0 Ty,im




nerqgy displacement 4. The displacement that yields a minimum
of the x2 for fitting a constant to the ratio is chosen. Figu
res 18 to 23 show the data from Saclay and Livermore, with
the Livermore data displaced by 4. The value of d is given in
part a) of the figures for each nucleus. The displacement was
negative in all cases, that is, the Livermore daﬁa was shifted
to lower energies. The displacement of the energy scale aof
the Livermore data is arbitrary and, of course, the same re—
sults can be obtained if the Saclay energy scale is moved up
in energy by the same amount. For the nuclei shown in figures
18 to 23, the displacement of the energy scale improves the
agreement between the shapes of Uy,tn » that is, the peaks
coincide in energy (compare, as an example, figures l4-a) and
21-a) for lGSHO).

If we accept the displacement of the enerqgy scale,
we can conclude that for all nuclei analyzed here, the measu-
rements from Saclay and Livermore are in good agreement as to
the number of emitted neutrons versus the incident photon e-
nergy, apart from an overall normalization constant. The dif-
ferences between their (y,n)and (v, 2n)cross sections arise from
the neutron multiplicity sorting.

Ir order to compare the(y,n)and(vy,2n)cross sections
from both laboratories in the same enexgy scale, the Livermo~
re data shown in all figures c¢), d), e} and £) are multiplieé

by £.

In figures 6-c) to 23-c) we show again the o p CTOsS

v,
sections, just to illustrate the good agreement between them,
when they are plotted at the same absolute scale.

In figures 6-d) to 23-d) and é-e) to 23-e) thely,n)
and(y,2n)cross sections from Livermore and Saclay are shown ,

Like for 22

Thb, above the (y,2n) threshold the (v,n) cross sec-
tions from Saclay are always bigger than the corresponding Li
vermore cross sectionsg and the{y,2n)cross sections from Sa—
clay are always smaller than those from Livermore.

If the'Saclay(y,Zn)cross section is modified using

*
equation (2}, the resulting c$ agree well with the Livermo
r

2n

re(y,2n)cross sections, as shown in figures 6-f) to 23=F).
The analysis performed here shows that the differen-

ces in shape and magnitude in the {y,n} and {(y,2n) cross sec-

tions measured by Saclay and Livermore arise from the neutron

ﬁultiplicity sorting. However, this analysis does not allow

te conclude which set of data has the correct multiplicity
sorting.

We have measurements of the (e,n) and (e,2n) arass
sections for lSlTa. The {e,tn} = (e,n) + 2(e,2n) cross sec-

tion was measured by detecting the neutrons. The (e,n) cross
section was also measured by radicactivity. The {e,2n) cross
secticn is obtained without the use of neutron multiplicity

sorting:



g = % (o -a_ ) A3

These results, which will be the subject of a forth-
coning publication, indicate that.the neutron multiplicity

sorting carried out by Livermore is correct.

CONCLUSIONS

We have shown that the differences between the measu
rements from Saclay and Livermore for the (y,n) and {v.2n)
¢ross sections in nuclei arise from neutron multiplicity sor-

ting. If the Saclay multiplicity sorting is in error, as indi

cated by our measurements in lBlTa, there are some important
implications
If the shapes of the (y,n and(y,2n) cross sections

" from Livermore are correct, the(y,n)cross sections for medium

and heavy nuclei are statistical in nature and there are no
large percentages of directly emitted neutrons (-~ 20 percent)

as deduced from the Saclay results.

More recently Saclay has performed measurements of

photoneutron cress sections for photon energies wp u;laomevﬂjl

Using their neutron multiplicity sorting technique, they un-

felded the measured o into o
y.tn

gees from 1 te ~ 10, depending on the nucleus. From the un-—

n Cross sections, where x

folded partial cross sections, the photoabsorption cross sec~

tion, o was obtained:

v,Tot

N

' = ¥ & 4)
%y Mot %ol Uy-,xn {

This cross section was in diségreemént with the prediction of
the modified guasideuteron model(la’lg) and motivated Levin-

ger to change one of the parameters of the model to f£it the

(20)

Saclay data . If the Saclay multiplicity sorting is in error ;

the results obtained for UT,Tbt

are questionable.




TABLE T TABLE IT
9. 10.

Nuclei measured by Saclay {8) and Livermore (L).

Percentage of direct neutrons obtained by Saclay.

a) : a)
Nucleus n. (%) References
Nucleus qu,n{ET)dEv JOV(anEYldEY References d
(MeV.mb). (MeV.mb} EL N 25 * 7 14
89, 1279 s 74 S 2 960 15 & 7 14
960 L 99 L 3
- 98y 10 %7 14
115, 1470 s 278 S 4
4
1354 L 508 L 5 100, 11 £ 7 14
1175, 1334 8 220 S 4 139, _ 28 * & 2
1380 L 476 L 5
+
118 1377 8 258 s 4 1904, 12 = 3 15
1302 L 331 L 3 142 10t 3 15
120 1371 8 399 s 4
Sn Nat 103 15
1389 L 673 L 5 Sm L=
+
1245 1056 § 502 s 4 159, 23 + 4 7
1285 L 670 I, 5
165, 23 X 4 7
133, 1828 s 328 8 4 ©
1475 L 503 1, 6 Natg 11 * 3 15
159, 1936 S 605 5 7 175 N
1413 L 887 L 8 Lu 15 =3 15
165y, 2090 s 766 S 7 181n, 22 2 7
1735 1 744 L 9
197 20 F ¢ 11
181, 2180 S 7906 S 7 Au
1300 L 881 L 10 208, 15 £ 4 11
197, 2588 s 479 s 11 +
238 14 * 2 16
2190 I, 777 L 12 u
208, 2731 s 328 s 11
1776 L 860 13

a) From reference 1}
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Fig.
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FIGURE CAPTIONS

by ,n cross sections. fron. Saclay (solid line) and Livermore

lngb. The Livermore data

(experimental peoints) for
is multiplied by 1.06 in order to show both measure-

ments at the same absolute scale,

- b,20 cross sections from Saclay (solid line) and Li-

159y, The Livermo

vermore (experimental points) for
re data is multiplied by 1.06 in order to show both

neasurements at the same absoclute scale.

9. tn from Saclay divided by % ,tn from Livermore .

Uy,tn = UY:n + 20Y12n + 3GT:3n'

o tn from Livermore multiplied by 1.06 (experimen -

tal points} and % ,tn from Saclay (s0lid line).
r

ay,tn = GY,D + ZUern + BUY,BH .

5. .2n from Livermore (experimental points) and the
!

modified (see text) cY on from Saclay (solid line).
r

to 17 - The solid line represents the Saclay data and

the experimental points are from Livernore.

‘ +
a} Gy,tn — av,n 207,2n + 307,3n from

and Livermore.

Saclay’

Figs. 18 to 23 -

b

c)

d)

el

£}

a)

14.

., tn from Saclay divided by 9., tn from Li-
vermore. The Saclay and Livermore data were
interpolated in order to have both cross seg
tions at the same photon energies. The ener-
gy interval, int, used in the interpolation
is given in the figure. The solid line shows

r, the value obtained by fitting a constant

to the ratio.

¥y, tn from Livermore multiplied by r and

Gv,tn from Saclay.

c¥ n from Livermore multiplied by r and

Uv,n from Saclay.

O, on from Livermore multiplied by x and
Y, L3

gy,Zn from Saclay.

from Livermore multiplied by r and the

8* _ S
Y.2n Y¢2n

Ty, 2n

modified UY'Zn from Saclay. ¢ +

1 5 L
3 (GY’n rcy'n).
%, tn from Saclay and Livermore. The energy

scale of the Livermore data is displaced by
d. The value of the displacement is given in

the figure.

B}, ), 4}, e) and £f) - The same as for figu

res 1 to 12.
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