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ANGULAR DISTRIBUTION OF PHOTOFISSION FRAGMENTS
IN 72U AT 5.43 MeV

S Kuniyoshi, O Y Maefra, C Renner and J Goldemberg

ABSTRACT

The anguisr digtribution of photofasnon fragments of ALY produced by 5.43 MeV monochromatic
photons from rhe (17! reection 1n suiphur 1es been measured using gisss piates as detectors. In the analysis
of the resu'ts only ta contribunons trom the ()" Ki = (1°0) (1" 1) and (7 0) terms were consderad. The
cosfficents of the sngulsr dutnbutions of the fresion fragments were obtsined. An snelyss of the data
ava:ighie -n the Litereture on the angular distribution naer the phorotsson threshoid s siso presanted,

1. Introduction

Strong evidence for the axistence of an nwrmediate structure in the (7.f) cross section
near the fission threshold has besn accumnuiated recently

Rabomov et al' . using the continuous bremsstrahiung spectra of a microton of about
10% resolution, Knowles? using Compton scattered gamma-rays from the resction
**Nitn,7)' >Ni e » continuously venable source of gamma rays which presents an oversll
resolution of = 3% Manfredini et al 3 and Mafra et al.4 using the 10 eV resolution gamma lines
from neutron capturs in sgveral elements, heve found this structure in 2 **U and #*? Th,

The small discreparcies batwesn the data have been attributed to the different resolutions
empioyed This structure in the cross section can “e sssociated with resonances in the levels of
the & formad transition state; therefore, a lot of data on the anguisr distributions of the fission
fragments has been messured snd cen be found in the htterature' 2-3.5 In perticutar, the peak
w the ‘U cross saction observed by Knowles sround 5 MeV can be assccisted to the
sxistence of a (Z,0) chenne! (Quadrupols photosbsorption) it was sssumed for this hypothesis
that the disgram levels are the onss from Albertson and Forkman® As *he experimental errors
involved were too high this explanation wes not conclusive

The experiment described in this paper is the measurement of the agular distribution of
the fission fragments sround 5 MeV (b 43 MeV) in order to investigate if there is any channel st
this energy  Monochromatic gammae radistion from (n,y) reaction in sulphur and glass detectors
were used i this experiment

An snalysis of 8l dets available in the litersture on the sngular distribution of fission
fragments in * ** U from 6 to 7 MeV is aiso presentad

2. Thecty
The energy level diagram is strangly dependent on the shape of the nucleus at the saddie

point initislly, the nucieus was sssumed’ ss having a quadrupoie deformation at the seddie
point but lster cn Johenmon® has shown thet & more convenient shape is the octupolar one.
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This disgram of jevels for heavy even-even nucloi is given by Albertsson and Forkmen® and'
shown in Fig. 1

According to this schemae, the fission threshold level is (J7, K) = (07, 0). This level is not
accessible by the photosbsorption becsuss the photons produce only levels M=t 1, 30 the
J" = 0’ is forbidden

The dominant modes of photon shsorption in hesvy slements (s uranium and thorium)
are dipole snd quadrupole since the magnetic component is very small. The levels that can be
excited with photons are marked out with strong lines in Fig. 1. Each one of these levels st the
saddie point is characterized by the quantum numbers:

J4 the total snguisr momentum,

M the J projection over the spatial axis
K the J projection over the symmetry axis,
7 the wave function perity
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Energy levels of stable deformetion.



As the ts5:0n fragments smergs in the nuclesr symmetry axis, the K vaiue as well as J
snd M define tha frssion fragment snguiar distibution. Thes snguiar distribution 1s geven by’

~ 1) cos BrH * KM " 2n

J - t - L] ' . L4
P 10) = (24 K)' (3 - K)'LG+ MI'LS - MY x Piarree

YRt e MK

{sin@/2)30 * MK
J ()

where the summation s extensive to all n for which the denominator is positive and 8 is the
sngle of the outgoing fission ragmerit relative to the incident beam direction

Assuming that it is possible to observe only the dipoie and quadrupole transitions, one
can write the angular distnbution for sach transition as

Pt ] 416) = (15/8) sin’ 26(quadrupole(2” 0]
Pt ,(6)=1(3/2) sin’ 0 [dipolei 1™ 0}], (2)
Pt} (8} =13221 1/2 sn’ 6)[dipole(1 1]

The snguiar distrubution s connected with the differential cross section by the
expression-
do _ ? A 4+ 1 .
'&"Q‘"Ulpin,l to, Pty toyP2g,, (3)
where 0,, 0; and 0, are the cross sections for the ievels (K.,j") = (0,2°), (0,1°) and {1.1)
rmpectively,

Equation (3) can be written as a function of the total cross section for fission as:

dog \ __P 9o |- "
iy aFl' Py, o0 T4 OFPt' (| = O wif), (4

where the o,/0g cosfficients are the contributions of esch probabifity PM,i, and w(8) 15 the
sngular distribution observed experimentaily wi{f) has to be normalized by:

I () i do = 1 (5)
Substituting (2) in {4) we get:
1 40 z'_n.._é
o 402 wl@) = Dsin? 0 + F(1- ) + Gsin® 20 (6)

Simplifying this expression, we obtain

wi® =a+bsin? § +csin®28, (7
where
0 D2, o) = (8/16) coy .



b = (3/2}2;‘-(0, - 0y3). 0; = (213)ib+ ) o, (8}
¢ = (15812, oy = (2/3) 805 .
O

The number of fissions cbserved experimentally per unit solid angle is proportional to the
angular distribution

N{B) = Kw(f) = Ka+ Kbsin? @ + Kcsin® 26

Fitting the experimental points ta this expression by the lesst squarss method, one gets
Ka, Kb, Kc.

The value of K is obtaired by

LE¢ I
[ N@)singdd = K [77 wib)singdd =K,

f;”’ wiB) sinBd0 = a + (2/31b + (B/15)c =1,
which is the normalization condition '8).
3. Description of the Experiment

The gamma radiation employed (6.43 MeV) is produced in a sulphur target placed nesr
the IEAR-1 reactor core operating at 2 Mw (Fig. 2).

— _ = 300 o e oy 4D,
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) wooo Fig. 2

Experimental arrangement for y-radistion produstion.



The angulsr distribution is messursd in a3 vecuum chamber covered internally with
cadmum Imside the chamber there s 8 cylindricsl sluminum tube 7 6 cm in d:ameter and
9 0 cm in height In the median plane of the cylinder there are 16 holes, 1 cm in diameter: the
sngle between two radisl consecutive holes is 22 5°

The detectors are mounted in the outer pert of this cylinder as can be seen in Fig. 3. The
uranium target wiz 8 metalic cylinder 4 mm in dismeter and 1 cm in height. As the average reng
of the fission fragments is around 12 mg/cm’® and the effective target mess is around 120 mg of
urar ‘um, the escape probability for the fision fragments is the same in all directions.

The detectors smployed were feirly regular glass plates of 1L x 2.0 cm?
in order do distinguish the natursl glass defects which can simulate fision tracks, all the

Jlass piates are ewched in 8 6% HF solution for 50 minutes before irradistion. This etching
sondition has been determined experimentally' ®
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Views of the anguisr distribution sxperimentsl arrangsment.

During the irradiation the fission fragments produce holes of a few microns in depth snd
~10A in diameter The giass is again etched in the fluoridric scid for 30 min end this process
incresses the magnitude of the holes thus permiting their identification in an opticel
microscope. The size ot the giazs defects incresses agein with this new chemical sttack so there,
is no danger in confusing them with real fission tracks.



4 Experimental Results

The resuits obtaned are the following.

8° n® of tracks (average)
0 76 20: 05
25675 2610
450 £ 756 47 t 12
676t 76 60 £t 08
800 £ 76 65+ 156

Fitting a second degree polynoming! sxpression to the sxparimentsl points, the anguler
distribution coefficients obtained are the following:

n

03 ¢t 02
08 t 02,
02+ 01

1}

O O o
H

These coefficients inciude the contribution of the 7.78 MeV and 8.64 MeV secondary
gamma lines from the suiphur target. Although these lines have a small intersity, the cros
sections at these energies are sufficiently high (98 £ 0.3 and 25.7 £ 0.4 mbern respectively) to
make their contribution non negligible.

Taking the angular distribution coefficients at 7 78 MeV and 8.64 MeV from Rabothov'
and correcting for the normalization used in this paper, we obtained the following snguiar
distribution coefficients for 5 43 MeV:

e =003 1%t 0b9,
b=12 +07,
c=06 %03

In Fig 4, curve n© 1 is the second degres polynomisi fitted to the experimentsl points,
curve n9 2 is the normalized angular distribution for 5.43 MeV and curve n3 is the normalized
angular distribution ot tained experimentally (without corrections).

§. Anelysis snd Discussions
The results obtained in this paper are compered with results of nther suthors in terms of

b/a and c/b ratios. The ratios are independent of the normalization factor used and cer be given
in terms of the cross sections for the different fission chennels ss

AT 172,
c_ 6 o(2* 0)

BT T 510 -06001-, 1)

This kind of analysis indicates directly the fission chennels.
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Experimental resuits before and after normalyzs tion

The peaks in the b/a curve corresponds to the (17,0} levels Comparing the resuits from
severs! authors in the B0 to 8.0 MeV interve. (Fig 5). one can sse that the experimental points
obtained by Knowles? have two definite pesks at 6 0 and 6 9 MeV Data from Manfredini3 and
Dowdy® show a displacement in magnitude relstive to the Krowles' data but agree generally
with his results The Rabotnov' dsta do not sgree with the others above 8 MeV Nevertheless,
below this energy all the curves present the same tendency of showing a very weli defined
maximum sround 5 MeV. The dats obtsined in the present paper using monochromatic
photons agres with the data of Rabotnov in magnitude. Consequently, in sddition to the twe
(17,0} levels in 8.0 and 6.0 MeV we can assocists 8 level {17,0) to the pesk in 5.43 MeV.

To verify the presence of the (2°,0) chennei, the behaviour of the c¢/b curve has to be
ansiysad. Fig. 8 shows the c/b data from seversl suthors. The expsrimental points do not sgres
over: when the experimental errors are taken into sccount, but the behaviour is more or less the
same. SO there is o peek sround 7 MeV and a tendence to & maximum nesr 5.5 MeV.
Nevertheless, only the curve obiained by Rabotnov is extended 1o 8 MeV and presents a pesk at
this energy. Our dats agres with a high value of c/b nesr 6 MeV, 50 it is possible to sssociate &
(Z' ,0) channel to this peek. :

The peak around 7 MeV could be produced by s resonance of the (1°,0) ievel giving o
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minimum sround 8 MeV but the fact that Rabotnov's resuits also present a peek at this energy
could indicate the presence of a (2°.,0) ievel becauss Rabotnov’s curwe for b/a shows no
structure in this energy interval

With the levels found, the energy level disgram for ursnium in the 6 to 7 MeV energy
intervel can be orgenized and is shown in Fig. 7. In this figure we cen aiso see the levels
distribution proposed by Albertsoon and Forkman® for quadrupole snd octupole deformatinn
at the saddie point,

Aithough the first level (Z° ,0), expectesd for the octupole deformation, is not clesrly
observed experimontally, we can see in Fig. 8 s possible indication of this level even though the
resuits are not in good agresment

The fact that the b/c and c/b maxima coincide with the peaks of the observed crom
section coss not permit to conclude that the deformation potentisl is double humped.
Nevertiwioss, if we admit the existence of a double humped berrier it can be said that the height
.of the second berrier (higher deformation) is greater or has the seme height of the first one. If
.the opposite occurs, the nucleus going through the first barrier during the deformation would
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Energy level diagram for 2 U in the 5 to 7 MeV energy interval.
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arive at the second barmer with a greater excitation energy This implies 1n saveral outgoing
channels each one w:th 3 characterstic angular distribution Consequently one would expect
an anisO1rop:Cc angular distrid jtion which defunieiy 15 Aol 0 agieement with the experimental
resu!ts shown by this paper
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Resumo

Fo medda a dsr buc30 argua dov 'agmentos ge fo°of 3580 do "u nduZ da po’ forons
monOc-omMmar cos de S 43 Mev provenerte da eacd0 0 Y 10 enant-e Como ¢e'er0ras foram u' ) radas
am ngs g «d'0 Na ars e dos -esu 'ados fo am c0ons detadas somante as conT bu cbes dos termor
T K st D 1 e 2 U Foram abr dos ot coetf ¢ anves da ¢+ bu Ca0 dOs Hagie ATOs UMg and’ e
dos dados eéx vrente. ng  ve 3tu-d a 'espe 'o da d st bu a0 angu-at N3 "eg 80 4O 'm 37 da oot a0 e
rambem ap eser*3d;
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