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ABSTRACT

The differences between the Saclay and Livermore
photoneutron cross sections are discﬁséed. It is shown that the
differences betweén theif {y,n) and (y,én) cross sections arise
from the neutron multiplicitﬁ sorfing. Measurements of the (e,n)

181

and {e,2n) eross sections in Ta show that Livermore has the

correct multiplicity sorting.




INTRODUCTION

The giant dipole resonance has always been of central
interest in photonuclear reaot;on studies, both theoretical and
experimental. It corresponﬁs t?c?ﬁ? fun&a@ental frequency for
absorption of electric dipole radiation by the nucleus as a
whole.

. Qver: the pastthree-decadespmanp‘stwﬁes of photonuclear
T’eacn':ions havesbeen made,'for.many:nuclei throﬁgh:the periodic
table, in. the attempt to: dellneate the systematlcs of ‘photon
absorptlon by nuclei in ﬂeneral and of the guut electrlc dlpole
wesonance which: domlnates the absorptlon process at energles
hetween 10 and 30 MeV,. in partlcular._The 1arge effort “that has
been put into these.studies: is Just;fled hy“the fact that. the
theory of the-interaotion.of electfomagnetie.radiation'ﬁ' with
nuclei is perhaps the best understood 1n nuclear phySlCS CAf
the 1nteractlon in the entranoe channel is understocd then the
effects of the pureiy nuolear forces can be studled dlrectly
by measurlng gither the pnoton‘absorptlon,oposs,sect;ons. .o

the Dwoducts of nuclear photodlslntegratL

Most of the work in. thig, area nas carrxed out’ '::by
two Laboratorles, Saclay and leermore, measurlng photoneutron
cross seotlons us;ng monoenergetlc photon beams. The comblned
studles of. tnese two Laboratorles span the whole perlodlc tabLg
in & quite complete systematlcs of the EI giant rescnance. The

use of monoenergetic photon. beams has given rise to cross

section measurements with high resolution, and especially to an
improved knowledge of the eross sections'aboﬁe the peak of the
glant resonanoe. ngher-mult1p11c1ty Cross sectlons have 'been
measured dlrectly and. thelr systematlcs Studled and more acourate
1nformatlon om. structure throughout . the glant resonance .obtained.

The quallty of the data produced has justlfled well the effort

necessary to develop and utilize monoenergetlc photon  beams.

' From ﬂxme detailed studies many 1mportant properties

of the El glant resonance have been obtained. There is, howeven

; con-llct'hetween the data from those Laboratories .

There are systematle dlfferences in . the shapes and magnitudes
of thelr (y,n) and €y;2n} cross sectlons. Because of these
dlfferences, from the Saclay data: 1t turns out that for heavy
nucle1 there)ls 15—20% of direct contrlbutlon in the . reaction

mechanlsm, whlle the leermore data supports a dominant

statls cal decay of’the El glant resenance .

(1)

' In a recent comment'~’, it was shown that the d:l.fferenoes

_between the Saclay and leermore photoneutron cross sectlons

arlse»frum dlffenences in the neutron multlpllclty sorting s

that“ls;_fnomnthe -analysis that separates the measured neutron

(o =g -+ 2o +30 +...}, in  partial

YLEIdS., 0‘ Y:Tn'__ T:n ¥,2n ¥ ,3n

.YTH

'oross sectlons, a (i =1, 2; ...), The evidence presented

¥yin
in nef. 1.is 1nsufflolent tc assess which Lﬂxxatony:s perﬁnmung
the multlpllolty SOrtlng correctly In order to adress this
questxon we have; measured the electrodisintegration of lBlTa

by neutron emissionf The (e,2n) cross section is compared with




(2) (3

the cross sections predictsd by the Saclay and Livermore
data for this nucleus.

We will first discuss in detail the diffeprences
between the Saclay and Livermore data and the possible causes

and consequencas of these differences.

PHOTONEUTRON CROSS-SECTIONS

In Fig. 1 the {(y,Tn) cross sections measured by

Saclay and Livermore for 181

(3

Ta are shown. The experimental points

are the Livermore data

of the Saclay data(z). g

and the line is a linear interpolation

¥.Tn is obtained from their published
>

% n and .2n eross sections, which are available in  digital
2 3

form(u). It is interesting to compare ., from both  laboratories,

5

because these are directly measured and the partial cross sections
are obtained from the neutron multiplicity gorting. In Fig. 2

. . . S L
we show the ratio of these cross sectiong: o

Y,Tnloy,Tn' The

supersceripts S and L refer to Saclay and Livermore , respectively.

This ratio is reasonably constant. It has some structure which
is caused by the fact that the energy scales of both measurements
do not ceincide exactly. As shown in Fig. 1 the position of
the two peaks are slightly displaced. From all nuclej measured

18lTa is one of

by Saclay and Livermcre, discussed in ref. 1,
the few cases where we found such displacement in the energy

scale. Since Saclay used their measurements to obtain the (y,n)

and (¥,2n) thresholds for

lelTa and the obtained values are in

good agreement with the calculated thresholds, we will assume
their ener scale to be correct. In Fig.3 th tio oo / L

gy ig e ratio % o o T
i§ shown, with the Livermore energy scale displaced by -U4l0KeV.

The solid lines in Fig. 2 and 3 result from the least squares

fit of a constant to the vatio. The obtained constant fop Fig.

"3 is 1.22 % 0.02. This constanft reflects the difference between

the absolute scales of Saclay and Live¥more. In ref. 1 the

values of the constants fitted to oo / L

v,Tn UY,Tn are given for

each nucleus.

. . s L .
In Fig. 4 we show again Gx,Tn and cy,Tn » but with
the Livermore data displaced by -410 KeV and multiplied by

1.22 in order to show both ¢ross sections in the same energy
scale and in the same absoltute scale. The agreement between
both measurements is excellent. In Figs. 5 and 6, that will be
discussed subsequently, the Livermore data is displaced by
-410 KeV and multiplied by 1.22.

In Figs. 5 and 6 we show, respectively, the (y.n)
and (v,2n) cross sections from Saclay and Livermore. Both (y,n)
cross sectiong are in good agreement up to the (y,2n) threshold
Above this energy there is an important difference: the Liver-
more cross section vanishes a few MeV above the {¥,2n)threshold
in good agreement with the predictions of the statistical model,
while the Saclay cross section presents a tail, In ref. 2 the cbserved
tail of the Saclay cross section is interpreted as arising from

fast neutrons that would have escaped detection in the Liver-




lBlTa the

more measurement, ieading to the conclusion that for
contribution of the "direct effect” in the photoneutron cross
section is ng .22 * 2%. As shown in Fig. 3,-bo§h:Laboratories
are detecting the same.number of neutrons: for:all photon. energies.
If'there we:e:fest-neqtpons:escapiegddeteétieq_inzthe Livermore
measurement above 14 MeV, the{ratie;sﬁownviﬁefigl K (Qf 2)-should
increase above this energy.: Since BbtheLabeﬁaiorieﬁiégree-as to
the. total number. of neutrons detected it~is.clear'feﬁhaf - the
differences in their (v,n} and {¥,2Zn) cross sections arise from
the separatlon of the total counts into {y;n) and (Y 2n) events.
If we assume that the EXCess (Y,n) cross section in
the Saclay measurement is cagsed,by.lnterpretlng_(Y,Zn) events

as two‘(y,n)_evenﬁs, that is, if we- compute:
. _1..22 a n) - L E () F

. g%
we obtain f roal .
e in fo % .on

cross: sectlon from Saclay is: now 1n excellent agreement.

-the-eolid'-'li'ne' shown in Fig. 7. The modified

cYazn

with-the. (y,Zﬂ) cross sectlon from leermore (data pOlntS)--'

In order to show. that-the. above: conclusions:. do . not

depend on the.displecement:ofgthe_Livermoreaee_rg __éikg in:FPigs.

8-andﬂg'wé,showi'respectively,-the.Saqlay.ane“LiVermofe (#,n)ﬁaﬁ

(T;Zn)'éréés~septigns;without-the displééemeht”bf,e-thEa energy.

scale, but in the same absolute scalejandfin,figf:iﬁjwe'showethe

medified Saclay cross .section. The_displeeement_of the energy

scale does not change the conclusions, only improves the agreement

between. the cross sections from Saclay and Livermore. The dis-
placemeént of -410 KeV in the Livermore energy scale was chosen as
the displacement that. yielded the best x? for the least squares fit of

/o L

a constant to the ratlo GY o’ Ty,

As. dlscussed 1n ref -1, for all nuclei that were
measured'by_both laboratorlee the same pattern was found:

al Both-laboraﬁqries are.detedting the same number

of neutrohs versus the-ihéident-photon energy, apart from a
coﬁgtanf_ R" j_aY Tn/ 3 In , whieh reflects the difference between
their abSolute scales.
' : s . I L
b) 9o 18 bigger than RUY,n above the  (v,2n)
threshold. _ '
.,rej”és' - ig smaller than Ro= .
T YN Y,2n
CN 8 . P o
d? if UY,2n is modified using:
S# S 1,58 . L
a. =0 + = (g - Ro_
Yiin Y,2Zn = 2 ¢ Y0 Y,n)
then 63" 'and'cs*. aye in géod agreement with o= and of
.: Y,gn' D \ . ¥,2n - Y,n ?
g g " g%

Y’}.n'._ o‘YsTh. -2 ‘(,21’1 .
In conclusmon the dlfferences between the shapes

and magnltudes of the Saclay and Livermore (Y,n)and On2n) cross

sectlons are caused by ‘the dlfference in the -analy51s‘ that
segeretes;the_total counts into (v,n) and (y,2n) events.

" In order to distinguish a (y,2n) event from two {y,n)




fant ;ﬁ neutTron deteétors aré needed {since
the efficiency Zor detacting Two neutvons is the square of that
Zor onel. Both faclay and Livérmore uUse = glowing down type of
detector, "in which the neutrons producéd during fhe short beam
burst of a pulsed accelerator dre moderated beﬁxe being.dﬂxcted
between beam bursts. Livermore uses a ‘large array of'lGBF3
tubes, diposed in concentric rings, embedded in a paraffin or
polyethyleneJmﬁrix,and'Saclay uses a large liguid scintillaton
in order to be able to méasurg abs@;ute cross sections and to
differentiate between a (v,2n) event and two (Y,h) events, the
detector efficliency must be known rather precisely.

The' Livermore group;hQS'develéped=the ring-ratioc
technigue for measuring the avérage neutron enefgy(S), based
on the fact that the ratio of fhe.cbunting rate in the outer
ring. of lOB.‘E‘3 detectors to that in the inner ring is a strong,
monotonically increasing function of the energy of the'photOf
neutrons. With the aid of calibpatedrmutnm1sources{ié-efficﬁﬂmw
is determined as a function of thé neutron energy. Thus for
every data run the average neutron energies for the {v,x) events
are determined separately using the ring ratio measurements(S)
This enables the partlal cross sections-to;be.obtained:ﬁsing
detettor efficiencies appropriaﬁe;to each photoneutron mettiplicity,
improving the accuracy of the branching ratios.

The large Gd-lcaded liquid scintillator used . by
252

Sacliay was calibrated only by means of a Cf source. A cal-

culated efficiency is used to Jjustify a constant value for the

.

effidiéncy-used'in the photoneutron mulfipliéity ;orting; ép
the basis that serious discrepadcies arise.conly above neutron
energies E £ 5 Mev, Whereas the energy of most photoneutrons
does not exceed ~ 3 MeVCS). Furthérmore, eventhough the ef-
ficiency = measured with the 252Cf source is very'élose to one,
the systém-is-usually'OPErated under timing cenditions that
reducs-.c to'~ 0.5027,

The overall detectbpr efficiencies over therrange of
neutron enérgié§ iﬁpor%aht-fbr"giAnt resonance measurements are
rathef;welljkh0wn'(to'§ 3%)(5), so that the differences 'ify the
absolhté}ééﬁieéfBf:ﬁdthﬂLabératories are primarily caused = by
uncertaihty in the:pﬁofon-fiux'measﬁrementé. However , the
branching5bétween'the-vafibus partial -cross ‘séctions - dépends
criticallyiuﬁon the ‘efficiencies used, since for the Ty yxn)
cross:section the efficiency enters as ¢*. Thus, the fact that
both laﬁoréfbfieéfagree; for all nuclei measured, as to the
total number‘of emitfed neutrons, apart from a constant fzctor

due teo- dlfférences i thelr absolute scales, but obtain dif-

ferent partlal cross sectlons, could be explained by an eyror

in “the efficiencyﬂused by one of them.

ELECTRO . AND PHOTODISINTEGRATION CROSS SECTIONS

The electrodisintegration cross section o, x(Eo)
. - .

may be obtained from the photonuclear cross section aiLx(E)
2




]
W
k'

Through an integ

over the virtual photon intensity spectrum
(7, ’

AL, - -
NUEE_ LB,

o

r oot @ e En & (2)

:o AL Y E
In Bé. (2), EO stands for the total electron energy, E stands
for the excitation energy of multipeolarity AL and m is the
electron rest snergy.

The electrodisintegration cross section is Lvery
sensitive to the multipole composition of thé photeonuclear
cross section. The experiment that will be. discussed in this’

181

paper refers to the (e,2n) cross section in Ta, in the energy

region from threshold (1%.2 MeV) to 22 MeV. In this energy

region, besides. the deminant El giant resonance,. there.are also the

-1/3 181

isoscalar E3 at 1104 MeV. (1%.5 MeV for

181

Ta) and- the

-1/3

isovector E2 at 130A — (23 MeV for Ta). Fig. 11 shows El,

3 DWBA. virtuzl photon spectrag7)“for 20 MeV electrons

181

ty

E2 and
scattered by a Ta nucleus.

- The isovector E2 and isosgalar E3 photonuclear. sums

{8),
anrs :
E E - -1
P2 - [oB2m) 272 a = 0.22 waa Y dun/vey
4
5% = 1oFiE 2 ar = 031 22 AYY? posMev?
J
. - - E2 E3 _ : 3
yielding the values S = 306.6 ub/MeV and S = 9.3ub/MeV
1 . '
for ‘elTa. The corresponding integrated photonuclean Cross

sections are approximately:

16.

AF2 = (23 mew)? x P2 = 162 Mev.md

A%z (1905 men)® x 550 = 1.3 Mev.mb.
whlle the 1ntegrated (Y,Zn) cross section, using Saclay data

is 88T MeV. ap ()

.. Eventhough the E2 and E3 virtual photon spectra
are mope 1ntense than the El spectra, one isovector EZ sum

and/or one E3 lSOSC&l&P sum, all in the (y,2n) channel, have
181,

ngglgg;ble contr;butlon to the (e,2n) creoss section in Ta ,
for thesenergy range considered here,
Thus, for the (e,2n) cross section in 18]'Ta, egq. (2}

reduces to: -
© (B mm

ZnCFS) ¥,2n

"“@' (E) NEltEé,E;ZJ dE (3
E
It has been shown(s),iﬁ a precise test of the E1
V1rtual photon calculatlons that electro and photodisintegration
car ‘be: accurately related through Eq (3).

E ' Our measured “e,zn cross sectlon can, in prineiple ,
dlffer from the calculated cross section (right hand side of
Eq-_ (3)-) bya-constant_ factor; due to a difference betwezen our absolute
scalg'anﬁ thaf.of the (y,?n)data. This can be easily overcome
by measuring-also the photodisintégration yield produced when
a ragiator is placed in the electron beam ahead of the target.
In suéh §;mﬁsunmmmt1.one-obtains:

Eo—m _
(E)) = N_ | ¢ (E) K(E_,E,z )& (4)
br x. r Y,X - o? ' E ] :

o




4.

w‘nere,'Nr is the number of nuclei/cm2 in the radiator of atomic

number Zr and K(Eo’E’Zr) is the bremsstrahlung cross section.
In the test of-fhe El - virtual photon.'spectrum(§)

already mentioned, it was found that if the DBM bremsstrahlung

(10)

cross section is used- in "Egq. (4}, electro and photo-

disintegration are compatible within the experimental errors

{~ 2%).
Thus, measuring oy (£ ) and computiﬁg the ratio:
r,x o
E -m
- c .
X = i_cbl”,X(EO)]/[Nl" UY’-X(E) K(E-O,'E,ZP)dE_E:I (5)
o)

the donstant K can be determined. This - constant is = the
difference between. the absclute scale ‘of the U+'X.meqéﬁrement

and that of the %, b, x

meagsured under the same experimental conditions.

o dnd ol measurements; -since both were

THE. EXPERIMENT

The Ue,Tn

Ta was measured by counting the. Reutrons. The neutron detector

ion (6 . z 0 + 20 ) of
cross secti { e,Tn ° %e;n ey 2n

18l

system consists of four lDBFs'counters embedded in pavaffin.

The efficiency of the detector was determined by measuring the

(e,n) cross section in 630u and_compapingfwith the absolute

measurements of 63Cu(e,nj performed 4t -the.National Bureau of

(11)_

Standards The results obtained for ce Tﬁ are:' shown: in
k]

iz2.

fig. 12 by the open circles,

181

.The Ta (e,n) cross section was measured by

residual activity, following the 93.3 KeV y-ray line that

1 180

results-fﬁdm*tﬁe;décay.of 80y to Hf. The results obtained

for the (e&,n) ‘crioss gection are shown in Fig. 12 by the triangles.
The “8lTa (e,2n) cross section can be easily

obtained from the data of Fig. 12:
Gé,?n(Eo) = [Ee,Tn(Eo) - ce,n(Eo)}/z (63
and is shown in ‘this samé'figufé'by the squares.

- InLOrderftdjdetermine the ‘difference between our
absolute scale and that of Saclay. and Livermore, op .
R - : .

(Eo) was
measured £or T = 24.5,"27.5 and 30.5 MeV, using a 0.329g/cm’

copperffadiatof; with_%his measurement we- determined K> and kU
uging iﬁJEQa (5} the (y,n) .cross section from Saclay and Liver

more, respectively. The values obtained are:

k5 = 0.94  0.03

I

CKM =1.29 % 0,04

~'The large difference between KS and x” results from
the fact that the intégrated'(y,ﬁ) cross. sections from Livermore

and Saclay are, respectively, 1300 MeV.mb and 2180 MeV.mb.

RESULTS AND -DISCUSSION

In-ordér to compare our o cross section with

e, 2n

>




13.

rt
i
U

Saclay anc Livermore {v,2n) results, we have to use in

{3) the (y,%n) cross section from Saclay multiplied by KS
L

L3
¥a)

and the (y,2n) cross sectien fnom_Livermore multiplied by K
The predicted Cross sections are shown by- the solid lines S and L in
Fig. 12. At EO ® 22.5 MeV the calculated- (_e,2n_)- _c_:z:'os.s- section using
Livermore data is 63% higher than thetnobteinediwith_tHeSaekW
data. Qur results are in good apreement with the (e,2n) cross section
calculated using the Livermore (¥,2n) cross section and excludes

the result obtained using the Saclay data.

5 L
¥y,In" "y,Tn

o

Since {c¢ /o 2. = 1.22 and our absclute scale
requires the Livermore data. to be multiplied by 1.29 % 0.0,
this implies that our absolute scaie_is compatible with the
Saclay absolgte_scale. Tne value.dbteined'for Ks.is a consequence
of the excess (T,n)rchss section above the (y,2Zn) threshold.

If we correct the Saclay_(v,ni cross section using:

B AL I (7
Y,0 v,Tn ¥,2n
the obtained csﬁ coincides with 1.22 x UL . If we use US*
Talt N . Y ¢ - REYS
in Eq. 5, we obtain KS = 1.08 % 0.0L.

The eonclusion-is;that;eunfaﬁsolute meesurement is
in agreemen;“n;;n the,$eqley;§bso;ﬁre:meaeurémentrﬁer Syitn *
but our.ce;zﬁ;crose-secﬁipn;shensithetgﬁne neutron  multiplicity
sorting earried out by L_ive_rfuéore,- is, cor'rect Since the branching of
(v,n) and (v,2n) cross sections from Livermore. is correct,. .
the decay of the El Giant Resonance is statietical.

As mentioned previously, Saclay interpreted theixr

in.

excess (y,n) cross section as caused by fast neutrons and
obtained that in heavy.nuclei the direct effect was about

(l), There are measurements of . photoneutron spectra emitted

'from the El Glant Resonance whlch also yielded to the conclusion
that the dlrect contrlbutlon in heavy nuclei was ~_15%(12)
suportlng the Saclay results These measurements -of photoneutron
spectra were compared w1th the results of.astahstleﬂ_calmﬂatum
assumlng that the levels of the residual nucleus are well
descplbed-py_a_level den51ty functlon:

o= pé exp(U/T) - (8

wherelﬁ:ie the excitation energy and T is the tenperature of
the nueieuet The vesulfs of the statistical caloulation were
coﬁﬁaﬁeé.with_the'observed photoneutron_spectra,and the excess
neutndns nere-in{erpreted as arieing from direct emission.

(1.3}

It has ‘been shcwn recently that Eq. (8) is

1nadequate‘to descrlbe the energy levels of the residual

nucleus A the range of excltatlon energies covered by the E1

Glant Resonance Dlas and Wolynec(lS) have shown that for the

og

EU”Glenﬁ.Resonence in Pb, if 'Eq. (8} is used to represent
the enebg§.levels of ?97ph, one would obtain 15% of direct
contrlbutlon from the measured -Photoneutron spectra. However,
if 1nstead.of u51ng Eq (83, the measured levels of 207Pb are
used the decay of the EO Glant Resonance by neutrons can be
completely: explalned on a statlstlcal basis. Dias and Welynec
901ntedront that the conclusions derived from comparing

photoneutrpn spectra from the E1l Giant Resonance with a




15.

statistical calculation using Eq. (8) to describe the energy
levels are questiornable, All these photoneutron spectra have
to be reanalized, using the actudl levels of the corresponding

residual nuclei, instead of Eg. (8).

(1ly)

As an example, H. Dias has ‘carried '-out the

calculations described 'in ref. 12. for the El glant Resonance

in 208Pb Figs. 13 and 1 show: the measured photoneutron

spectrum (12 15) and_tne‘result of-a Hauser-Feshbach  caléulation

using the energy levels of- 20"?Pb instead of Eq. (8). The
agreement between the measured and predlcted spectra shows that
for 208Pb the decay of the EL Glant.Resonance is statistical.
&xmeqmaﬁly;the fact thatithe'Li&efmepe.results for.(y,n) and
{y,2n) cross sectioﬁs. imply - that  the decay of the E1
Giant Resonance in medium and heavy nuclel. is'__demihantly_
statistical is not in contradlcthn with other expefiﬁental
evidences.

More recently Saela§ has performed'sevenﬂineaanemaﬂx

of total photoabscrption in nuclei, , using the fact

UY,abs
that in heavy nucleil '

ag- a
Y ,abs

L Xt

x Y2

since the Coulomb barrier iﬁﬁbits charged particle emission.
Neutron multlplleltles up to - 10 are 1nvdhmd in such mﬁﬁuramﬂﬂs;
The Saclay ervor in: the neutron multlpllelty analys;s observed

in the separation of (y,n) and_[y,2n) events can,:n.pnumlple,

16.

become far more important for higher multiplicities.

”_As'we have dlready pointed out, when the difference
between'Saelay aﬁd Livermore absolute scales is removed, the
same -patern is observed in all nuclei measured by bothLLabo-
ratories: the’(y,n) ercss sections from both Laboratories
coincide up to the’ (Y,2n) threshold. Above the (Y,Zn) threshold
the (y,nY: cross sectlons from Saclay are always bigger than
the correspondlng leermore cross sections. The (Y,Zn) Cross
sections from Saclay are always smaller- than the corresponding
Livermore cross sectlons. The same behav1our is observed in

the recent total photoneutren meagurements from Saclay. As an

example, Saelay has measured for natural Zr the U(]) oross
.sections(ls):
e
=y c(y,ln) (93
i=j

where imax.lS the max1mum photoneutron multlpllclty measured.

a(l) iss. then, the total photoneutron cross section. Fig. lscm)

shows a(;?;

from Saclay (data polnts), £for naturdl. Zr, compared

easurement (solid 1line). Both measurements

001n01de up to the lowest £{y,2n) threshold (14.95 MeV for Zr)

~and. above thls energy the-Saclay crogg section ig bigger. Fig.

(15) shows the Saclay c( Y aross sedtion  (data points)

compared Wlth the leermore cross sectlon {solid-1ine). The

Saclay'c( ). cross section’ i sneller than the livermore -cfoss section.

Note that below 23.5 Mev 0(2) should coincide with o, op £rom
3
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a4

Livermore (23.6 MeV is the (y,Sn),threéhold for ~Zr).

CONCLUSIONS

The differences bétween théjSaclay and Livermqre
photoneutron.cross-séctions arise”from_the_analysis that
separates the total neutron.couﬁts in pértial Cross sectiong_
{neutron multiplicity sorting)l.

Our measurement of the (e,2n) cross-éection: iﬁ.
18 lTa shows that- the neutron mult1p11c1ty sorting '.froﬁ
leermora is. correct There are two 1mportant consequences.
froﬁ-that:

a)-There—are~no-large percentages of direct ﬁaﬂarms
emitted from the E1l Giant Resonance. The decay of the El Glant
Resonance is dcmlnantly statlstlcal.

by The: error. 1n tne Saclay neutron multlpllclty
sorting could affect serlously thelr more recent results for.

total photoabsorption.
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FIGURE CAPTIONS

Fig“.;wf chTn_= Uxan + '257,2n from Saclay (solid line) and

.”:TLiVérmdne (data points).

PY Tn

from Saclay divided-by.c$ Ta from Livermore. The
 -Saclay and Livermore data were interpolated in order to
ihave both cross sectlons at the same photon encrgies.
.?he so11d,l1ne shows R, the value obtained by fitting

<& gonstant to the ratio. R = 1.30  9.02

':iThe same as Fig. 2 .but’ w1th the Livermore data displaced

by - K10 KeV. R = 1,22 + 0.02.

Fig. 4 — The same as Flg 1 but with the leermore data multiplied .

'-be 1.27 and displaced by -410 KeV.

Fig;_f“ Y n:from Livermdre (data points} and Saclay (solid

a}ihe};

The Liy¢rmore data is displaced by -41l0 KeV and

&fmﬁifiplied by 1.22.

X520

_ Eig{:§ s ‘from Livermore {data points) and Saclay {solid

'line)}.The Livermore data is displaced by -410 KeV and

multiplied by 1.22.

Fig. 7 - cY_zn_ffom Livermore (data points) multiplied by 1.22
. 2 N

énd’disp;aced by -u410 KeV. The solid line.is  the
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modified ¢

Y,Zn-from Saclay:

¢ = c

s .
Y. 2n Y, + (1/2)_(0\(’n Ro b]

Fig.15~:a‘1)

The same as Fig. 5 but without displacement of the

Livermore snergy.scale and R =.1.30.

Fig. 16 - o

The same as Fig. 6 but without displacement of the

Livermore energy scale.and E %'1;30.

The same as Fig. 7 but without displacement of the

Livermore energy scale and R = 1.30.

DWBA E1, E2 and E3 virtual photon spectra for 20 MeV
electrons inelastically scattered by a fantalumznmha$.

Measured ¢
2,In

{squares) versus the electron incident ene'r'g;r-_._: ‘The -

{circles), % .n (tf;angles) and oe,Zn

s0lid lines show the predicted Us on cross'géhfions
; , il e

using: Saclay and Livermcre data for UY,?n

of photoneutreons from the- El glant
208

Spectrum
resonance in- Pb The data po;nts are  from ref 12.
The solid line 'is the Pesult of a Hauser-Feshbach

calculation using the energy,levels'of ZOIPb.

photoneutrons. from the EI giant

208p), (per. 15).

Spectrum | of

resonance in The solid line- is the

" result of a Hauser—_?eshbadm

.(%{ﬂf?dgﬂ84¢lay (data pbinté).and Livermore (sclid

20.

caleculation using the energy
207

L T . Ieveis of - Pb.

from Saclay (aata 901nts) and Livermors {sclid

llne) for naturai Zr (ref. 15).

1ine) for natural Zr (ref. 16):




10.

21.
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