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CROSS SECTION OF THE *- *U{~v,n}**" U REACTION NEAR THRESHOLD

0.Y. Mafra®, M.F. Cesar*, 5. Xuniyoshi®and ). Goldemberg’ *

Abstract

£ *ar
Ipe ‘!'UI']f,r'-l 1 L “pagbigd ©rdds sie fion bigs been messuned by 0Tl 9 8 erciranan £nergias fram
EO7 to @ Moy The |7mb cross sactsan ghus obrained has showvn the same steuctuen af the pnacofission e
seemion For she same efement whar will imply 0 the zame siructure an the 1otal pnoraabscrpfion cross
sactin,

1. Introduction

The {4.1) reaction at energies near thrashold has been intensively mvestigated in recent
yoears because of its theoretical implications. Particularly the £33 ) phaotofission cross section
has heen measgred by several aythors dug (o the possitility of osirg gamma radiation with
resalution of the order of KeV or even e ' -<1,

The structure obsarved’ 237 i this orose seetion measured even By us in @ prowinus
papErd] led us to the study of the competition bewnween photofission and photanesutron

ermsgion in function of the excitation cnerg*,.rm.

For that we have measured the 1otal phooneuicon emission Cross seciion n".f N psing as
neualron detector 8 41 Halpern type ong counter® and the phoeflssion cross section with a

fission chamber.

In order to gel the photoneutron emission we have made some hypothesis about the
nutiber of nautrons emitted in photafission. Mear threshold, we bave

U?.N = U‘r,n t "'r"'r.i

Assuming for ¢ an equation of the type
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# = B+ DIGGET!

and using the A value equal to 1.3 imeasured for =7 ¥ U with gamma radiation fram anihilation

of positrons in flight| we got the photoneutron emission cross section T

The ¢, 5 oruss section thus olitained bhas shown the same structure of the Uy in the
sare eloment, This intermediate structure 15 somewhial sUrprising becauwse in the (¥ f} cross
section it has been ottributed to the srail number of states deading to fission. To find the same

structurg in the y nt cross section indicates that the same states are involved in this process.

Although we have used monochromatic gamma ray lines obtained from neutron capture
reagtion in oa reactor, the results of ouar experiment were confirmed by low resolution
eMpErtments wing gamma rays of 8 continuous variable energy from a Compton scattering

¥
mon ochromators: )

Honvever since the rJT ., Cross sectitn deteérminatian was strongly dependent on the value
artritmated to the sverage number of neutrons emitted per fission o, we decided te repeat the
.0 eneASUFEMENT [0 &N activation experiment,

2. Experimental Arrangament

The gamma radiationt emploved was produced in several elements used as targets and
piaced nrear the EA-RY Zhdw  reactor core, Thes experimental arrangement  produces
monachromatic gamma lEaes from 5432 10 11.83 MeY with a lowr dcuteon Backgroond amd has

been described in detatls in previous papersg' [

Before the wradiation the wranium was radigchemically treated by the Chemical
Engincering Department in ordet to clean the sample from its descandants mainly * ' Th with
a 24.1 days half ite which emits gamma rays with eneroy near the * YU lines.

The uranium was then transtormed U 30g pelicts by the Metallurgy Wuclear Division.
This pellets were shielded with paraffin and boron and cadmium for the irradistion in a
position where the garmma flux is of the order of 10'"/em? /5. The shielding was used to
prevent the thermal fission of the *** U and the (n,2n) reaction in ***U, The experiments
arrangement For irradiation is in fig, 1,
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Fig. T — Expervmental arrangernent for irradiation,




Tantalurm foits were used as flux monitor.

Alter the irrsdiation the y-rays from the "% 7 U were meassured with a 18.2 oo Geli

detectar, An experimental spectrun of the irradiated wuranium with al! the lines identification is
shown in fig. 2.
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Fig. 2 — Uranium spectrum after irradiation,



Fﬁrr a comparispn in table 1 the
shown' 17,

5

H - T 113 . T 13¢
mainly lires of 2250, '*Th, 77U and *?"U are

Table 1

T']:U

relative yiald

11 %

54 %

5%

relative yicld

A

2%

36 %

2.0%

23 %

076 %

1.4 % doubler

017 % douhblet

!'}-ﬂ-Th

l5 -

20653

————— e e e e e e

.43




After the ir-adiation the activity of the 77U was measured by the cascade
60 - 208 Ke¥ after waiting approximately 14 hours in onder to allow the shart lved fissian
protucts 1o decay, The Fssion products eould be eliminated after the rradianin using a new
radinchermical treatiment but this woold bring probiems related to the otz of materal doring
the pracessing, geatetry wvariation Tor the varigus samples and weght vanation due to differaat
elrying eonditions.

With the Geli detector the !?7U lines can be very well identified and its activity is
proportional to the counts under the photopeaks.

The fission products and other reaction products that ocgurs during the irradiations have
gamrea lines of cleaely cestinquishable energies, the onby distuthing reaction beng {0 2nh that
algo leads to 27713, To estimate the contribution of the in, 20y reaciiar @n alumirarm Foif weas
wradiated with each target and from the theeshald regeoon {n, o} the fast neatron flux ag the
uranium sample position was measured. With this informazion o was possible to estiomate {n,2n00
contribution that was, at the irradiation position, in the worst conditions of the order of 30%.
The fast Tlux had to be measured each time becanse the different targets produced a different
flux depression and neutron scattering.

The ‘17U activity was also measured by a strobhed coincidence systern where the
60 Kel line was wsed to trigger a rmultichannal analyser parmiting the 208 Ket fine to be
analysed with Geli detector.

The gamma ffux was mesured in each case outside the beam hole by a MNal(T1) 2™ x 3"
crystal. The flux at the sample position was obtained using the taw ot variation of the flux
alung the beam hole obtained by the actrvation of tantalum foils.

3. Results and Discussion

The cross section for each irradiation can be obtained throogh eguation (1) if the target
emits just one |ne.

A
1
; Do in
TEP S KFamMo T = e At oA,
A

where

A Qs the target absolute astivity

KF exmrapolation fastor to get the flux at the ivradiation position
GJﬁ is the measured flux

M_ iz the Avogadro's number

A tho mass number

#  the disintegration constant

T the irradiation timne



t, thetime elapzed aber irradiation befarg measweromeant

Since each tanget ernitt 8 number of seeondary lines {sventtough with the low relabive
intensity with respect to the principal liné) it is necossary 1o corroct For their contribution wsing
& lingar equation system.

Zr o =4 2]

Wherz r ate tho reldtive intensflies and @, are the eross sections for each line. Using successive
appriximations it was possible 1o get the oross sections.

The results obitained are in fig. 3 and show the same structure we got previously which
meang The same structure s present in the {y.n) and {v.f] cross section The errore signed
includes statiztice andg ¢alibration.

To find the same struclure in the y,n! and {¥.f) eross section sndicates that the same
s1ates are inwolved in the two process what 15 rather unexpected because the states cbserved in
fission should be the saddle point ones and the states observed in photoneotron ermission are
the states of the compound nucleus,

The proeminent peak at 6.73 MeV in {v.n) and ¥, f) cross section imply in 8 predom inant
peak in the idal photoabsorption cross section because

g, byl o= Uw + Uyn + Uyt

b

Since d_, v small ateowe the reutron sepacation enerw‘

T

The same behaviour of a, ty and the reemission cross seetion would mply that
gheorption and reemission are not independent process dependent only in the energy, anqular
mormentum and parity
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Resumo

- - 3 17 = -
A 2030 de chogue gard 3 readho ’-"-‘un,nr""‘ L for médwda atraves da atwapdo do wedreg, gara

energias e exccacio de 6,07 2 B Mev A sepdo Qe chogua [y,n) asaim cboda MOsSHou & MeSma Bsrdbara da
secdn e chaque de Totohssdo pava o Mesmo elEmMEeN1o, O QUE (Mplca o Mazme Comdo LAMEents para a secaa
de chonque rotal de Fotoabsorcdn

Résumé

La secton efhcace cou- fa reaconin "!ELI':‘;.',nIT Yy ELC RSLCEE g Lave o e sctivdhian de Ulraniuem
pout les eoragees dlexcaamon oe 607 4 9 Mey  La secion elhcace oour e ceachion (0 ainsi oblenue 3
presenugs la mérrg siruciurg de la sootion cfficace pour 1a photofission pours o0 méme lemsenc. Ce veur due
CAR 1A e S1rgcture serd peesentd dans 1a sectian effcace pour photoabsorgnion iorale,
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