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ANGULAR DISTRIBUTION OF PHOTOFMSION FRAGMENTS
IN ; "UAT543M«V

S Kimtyoshi, O Y Mtofra. C Banner end J Galdambaie,

ABSTRACT

Th« tngu'v d*tr>bution of photo**ft>on ''igmtntt of M * U p'oductd by 5.43 M«V monochromatic
photo** from rh« t/7/yf r«acr>oo m tu'phur >»« b*»n mmsu<*d us>ng gt*M plain a* dtteetori. In tht anatys*
o* •*• ' •m'» only tfw conv«button» from th» (J* Kl - ( 1 0 ) O I I »nd</.0) tarns w»r« convd*«d. Th«
co»tt>c>«*t* of tha angular d4i'>bwtiont of tht fqnon f<«gmtnn w r i obwnad. An analysis of tftt d«t«
•v«>*ab<« "i tfw it»T0turt on th« «ngular d>tt"but>on nmf ttw phorcrftstion thrtfhotd i« a*«o prmanud.

1. Introduction

Strong flvidtnca for tnt «xtttanca of an inttrm«di«t» structure in the iyj) cr<m section
mar the fission threshold has bean accumulated recently

Rtbotnov et al ' . using the continuous bremsstrahtung spectra of a microton of about
10% resolution, Knowtes2 using Compton scattered gamma-rays from the reaction
*aNi(/>.-)r)v*Ni as a continuoudy variable source of gamma rays which presents an overall
resolution of a 3% Menfredint et a l 3 and Mafra et al,4 using the 10 eV resolution gamma lines
from neutron capture in several elements, have found this structure m 2 } * ü and li2Jh

The small discrepancies between the data have been attributed to the different resolutions
emotoyed This structure in the crow section can be associated with resonances in the levels of
the oVforrrwd transition state; therefore, e lot of data on the angular distributions of tht fission
fragments has been measured and can be found in the litterature1 7 2 b In particular, the peak
in the ' ' * U cross section observed by Knowles around 5MeV can be associated to the
existence of a f?,0) channel (quadrupoie photoabsorption) It w a assumed for this hypothesis
that the diagram (avals are fh» ones from Albertson and Forkman6 As the experimentei errors
involved were too high this explanation was not conclusive

The experiment described in this paper is the measurement of the angular distribution of
the fission fragments around 5 MeV (6 43 MeV) in order to investigate if there is any channel at
this energy Monochromatic gamma radiation from in,y) reaction in sulphur and glass detectors
ware usad m this experiment

An analysis of all data available in the litereture on the angular distribution of fission
fragmento in l ' • U from 6 to 7 MeV is also presanted

2 Theory

Tht energy level diagram is stmngly dependent on the shape of the nucleus at the saddle
point Initially, trw nucleus wa» assumed7 as having a quadrupoie deformation at tht saddle
point but later en Johansson* has shown that a more convenient shape is the octupolar one.



this diagram of itvtis for httvy tvantvtn nuclei is giwan by AtbtrtMon and Forkmtn8 and'
shown in Fig 1

According to this srhtmt. tht fission thrtshok) Itvtl is U", K) - ( 0 \ 0). This Itvat is not
acotssiblt by tht photoabsorption bacaust Hit photons product only Itvtís M - 4 1, so tht
J* - 0* is forbiddtn

Tht dominant modas of photon absorption >n httvy tttmanti (as uranium and thorium)
art dlpott and quadrupott sinot tht magnttic compontrtt is mry small. Tht Itvtis that can bt
txcittd with photons art markad out with strong lints in Fig 1 Each ont of thtst Itvth at tht
saddtt point i$ charactarixtd by tht quantum numbtn:

J tht total angular momtntum,
M tht J proftction ovtr tht spatial axis
K tht J projtction ovtr tht symmttry axis,
n tht wavt function parity
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As the ftssion fragments emerge in the nuclear symmetry axis, the K value as well as J
and M define the ftssion fragment angular distribution Th*s angular distribution is given by7

r) * ( J * K) 'U K)'( j • M)MJ M)' x

<sin*/2)7"*M_lV *
* (JVic"- Wn'ln +~M : K)~ J (1 '

where the summation is extensive to all n for which the denominator is positive and 8 is the
angle of the outgoing fission 'ragnwit relative to the incident beam direction

Assuming that it is poanbia to observe only the dipoie and quadrupoie transitions, one
can write the angular distribution for each transition as

P± \ o<0) - (15/8) »n? 20[quadrupole{2* .0)]

P ± I y $ ) - (3/2) sin3 6 [dipolej 1 .0) ], (2)

P i ', , | Ô ) - (3/2X1 1/2 sm2 0)[dtpole(1 .1)]

The angular distribution is connected with the differential cross section by the
expression

-~c = a, P ± í , • Oj P ± i o + o, P ± \ , , (3)

where ax. ot and o j are the cross sections for the levels I K / ) - (0,2*). (0,1 } and ( 1 . D
respectively.

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

r~

= Of

where the o,/o> coefficients ere the contributions of each probability P M ^, and u>W) is the
angular distribution observed experimentally w<0) has to be normalized by:

fwi2
Jo u>(0) j i n ô d í » 1 (5)

Substituting (2) in (4) we gat:

? ? - w{0) - Osin2 d + F ( 1 - *—- - ) • G sin; 29 (6)
2

;?? w{0) Osin d + F (1
Of all 2

Simplifying th» expression, we obtain

w{a)-a + bsin2e+csin220, (7)

where

a - 13/2) ~ . a, - (8/16) eof .
Of



b =

a, - {2/3) aoF .

(b)

The numter of fissions observed experimentally ptr unit solid angle is proportional to th«
angular distribution

ÍM6) • Ku>(0) - Ka • Kb sin2 $ * Kc sinJ 2 6

Fitting the experimental points to this expression by the leeit squares method, one gits

Ka, Kb, Kc.

The value of K is obtained by

/ *

where

sintf <J0 -K,

a + (2/3»b • < 8 / 1 5 ) c - 1 .

which is the normalization condition '5)

3. Description of the Experiment

The gamma radiation employed (5.43 MeV) is produced in a sulphur target placed near
the IEAR 1 reactor core operating at 2 Mw (Fig 2).
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The angular distribution is m«asur«d in a vacuum chamber covtrad internally with
cadmium I mid» tha chambar there ts a cylindrical aluminum tube 7 6 cm in d:«matar and
9 0 cm in height In tha madian plana of tha cylinder thare ve 16 hola», 1 cm in diameter; tha
angla batwaan two radial consecutive holes i« 22 5°

The detector* art mounted in tha outer part of this cylinder« can be seen in Fig. 3, The
uranium target wax a metalic cylinder 4 mm in diamatar and 1 cm in height A» the average rang
of the fission fragment! is around 12 mg/cmJ and the effective target mats is around 120 mg of
urat um, the escape probability for the fission fragments is the same in all directions.

The detectors employed were fairly regular glass plates of 11, x 2.0 en 2

In order do distinguish the natural glass defects which can simulate fission tracks, all the
flan plates art etched in a 6% HF solution for 50 minutes before irradiation. This etching
condition has been determined experimentally' °

1

V,

HOC VHW

Fig. 3

Views of tha angular distribution experimental arrangement.

During tha irradiation lha fittion fragments product holes of a few micron* in depth and
~10A in diamatar Tht glass it again etched in tha fluoridric acid for 30 min and this process
increases tha magnitude of tht holes thus permrting their identification in an optical
microscope The size ot the glass defects increases again with this new chemical attack to them
it no danger in confuting them with real fission tracks



4 Experimental Remits

The results obtained are the following

$' n° of tracks (averegt)

0 ± 7 5 20 1 0 5

2 2 5 1 7 5 2 5 ± 1 . 0
450 t 7 6 4 7 1 1 2
67 5 ± 7 6 6 0 1 0 ?
900 1 75 55 i 15

Fitting a second degree poiynominel expression to the experimental points, the angular
distribution coefficients obtained are the following:

a - 0 3 i 0.2.
b = 0 8 i 0 2 ,
c = 0 2 l 0 1

These coefficients include the contribution of the 7.78 MeV and 8.64 MaV secondary
gamma lines from the sulphur target Although these lines have a small intensity, the cross
sections at these energies are sufficiently high (9 8 1 0.3 and 25 7 t 0 4 mbam respectively) to
make their contribution non negligible.

Taking the angular distribution coefficients at 7 78 MeV and 8.64 MeV from Rabothov1

and correcting for f ie normalization used in this papar, we obtained the following angular
distribution coefficients for 5 4 3 MeV:

a = 0 03 ± 0 59,
b - 1.2 1 0 7.
c = 0 6 l 0 3

In Fig 4, curve n? 1 is the second degree polynomial fined to the experimental points,
curve n? 2 is the normalized angular distribution for 5.43 MaV and curve n°3 is the normalized
angular distribution obtained experimentally (without corrections).

S. Analysis and Discussions

The results obtained in this paper are compered with results of other authors in terms of
b/a and c/b ratios. The ratios are independent of the normalization factor used and car* be given
in terms of the cross sections for the different fission channels as

• oir.D

ç . 5 0(2+ ft)
B 1 o(1-,0)-0.5c<1 \ 1 )

This kind of analysis indicates directly the fission channels.
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Fig. 4

Exparimamal rasults bafora and aftar normalyxifion

Tha paaks in tha b/a curva correspondi to tha (1 ,0 ) lavais Comparing tha results from
wvaral authors in tha F 0 to 8.0 MaV ir:tarvai (Fig 6). ona can saa that tha exparimantal pomts
obtainad by Knowk»2 hava two dafinita paaks at 8 0 and 6 9 MaV Data from Manfradini3 and
Dowdy5 show a dtsptaamant in magnituda ralativa to tha Kwwlas' data but agraa ganarally
with his rasults Tha Rabotnov1 data do not agraa with tha Jthars abova 8 MaV Navarthalass,
balow this anargy all tha curvas prasant tha sama tandancy of showing a vary wall dafinad
maximum around 6 MaV Tha data obtainad in tha prasant pê(m using monochromatic
photons agraa with tha data of Rabotnov in magnituda Consaquantly, in addition to tha two
<r,0) lavais in 6.0and 6 9 MaV wa can associata a laval (1 ,0 ) to tha paak in 5 43 MaV

To varify tha prasanca of tha <2\0) channal, tha bahaviour of tha c/b curva hm to ba
trmlysad. Fig. 6 shows tha c/b data from savaral authors. Tha axparimantal points do not agraa
avan whan tha axparimantal mwt ara takan into account, but tha bahaviour to mora or lass tha
ssma. So thart is a p a * around 7 MaV and a landanca to a maximum naar 5.6 MaV
Navarthalass, only tha curva obtttnad by Rabotnov Is axtandad to 6 MaV and praaants a paak at
this anargy. Our data &çfm with a high vatua of c/b naar 6 MaV, so it is possibfa to associa» a
<Z\0)ehanna)tothispsak

Tha paak around 7 MaV could ba proovcad by a rasonanca of tha {1,0) laval giving a
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minimum «round 8 MtV but th« fact that Rabotnov'i results alio prawnt a paak at this «rttrgy
could indicate tha pratanoa of a (2* .0) lavt» bacauia Rabotnov'i curva for b/a ahowi no
structure in this energy interval

With the level» found, the energy level diagram for uranium in the 5 to 7 MeV energy
interval can be organized and •• «hewn in Fig, 7 In thii figure we can alto tM the levels
distribution proposed by Albertsoon and For km an8 for quadrupole and octupole deformation
at the saddle point.

Although the first level (T JO), expect** for tha octupote deformation, i§ not clearly
observed experimentally, we can I M in Fig. 8 a possible indication of this level even though tha
results are not in good agreement

The fact that the b/c and c/b maxima coincide with tht pMks of tht observed cross
section does not permit to conclude that the deformation potential h double humped.
Nevertheless, if we admit tht existence of a double humped btrrier It can to «aid that the height
of tht second barrier (higher deformation) it grteter or has tht samt height of the first one If
the opposite occurs, the nucleus going through tht first barrier during tht deformation would
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at the second ba'r>er wth a g»eate' excitation energy This implies m several outgoing
channels each one wth a characteristic angular distribution Consequently one would expect
an amsotropic angu<ar d'smbinon which deím-ieiv •> not -n ag'eement «v<th the experimental
results shown by rhts paper
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Resumo

FQ Tied da a d »•• t>u çio ar>gu a den ••9gm«n«oí de to'o' ivao do U nc)u/ d j po' io'on*
CCM Oe ^ d3 M§V p'ONftn en-e j j a -i»»ç»o n -y) no en*o*'t Como d * ' » ' 0 ' « iD'arn u' > team

am naj oe w d o Na «^i *e do* esu 'ados 'o >m 'onj d«'4d«< vom^rire M COO*- t>u çò« dos *e'mo*
i j K> •- ' 1 0 ' ' ' e 2 u f o ' i f " ob' do« o» coe* c en>w ds tJ «•• Ou c«o do» f ' l j m t . - " » Um« ana <*
dos dados ex •••e^'e1- " j *e a'u-a a «%pe ?o da d *•* bo ç«o ango•*' n» 'tfl ao do ' m a' da fo 'o ' ÍS ÍO e
•ambern ip p i f a d a
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