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The angular distributions of gross and sp

. n "
B 2300 A e 2
ments from bombardment of 5°yU by 24-MeV “H and 48-MeV "He have :

<

been measured. These data are analyzed in bterms of the Bohr angular
distribution theory and the results are found ©o be consistént with

previous interpretations based on this model. It is found that for

o

2%—Mev H bombardment the anisoctropy ilncreases with increasing mass
ratio of the fragments, whereas, fdr L43-MeV l‘LHe, The anisoﬁropy is
nearly independent of mass ratio. Fo: values Qf the filssionabllity
parameter x greater than 0.6¢, the'experimentally derived values

for the effective moment of inertia are szstantial;y greater than
tne theoretical predlctions ox vane liquilid drop model. .The'dependence
of tne effective moment of inertia on angular momentum is found ¥o

*

be small wlithin the range investigated here.

voos This work was supported by the U. S. Atomic Energy Comanlssion.
% Now with Argonne National Laboratory, Argonne, Illinois 00440,
% Now with State University of New York at 3tony Brook, Stony Bro.

L. I., New Yoxrk.
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Introduction

One aspect of charged-particle-induced fission reactilons that
has received infrequent attention 1s the dependence of the anisotropy
‘on the mass ratio of .the fragments. It has been reported that the

anisotropy of the products increases with increasing mass asymmetry

' : ' 232
Tor 238U + 22=-MeV lH and 232Th + 45-MeV lH. 1.2 However, for - Tn +
42-MeV QHe and 238U + U45-MeV lH'the anisotropy is essentially inde-

3

.3 EN JJ.. . o 2?
pendent. of mass ratlo.

This behavior has been gualitatively expléined_within The Bohr
theory of fission fragment angular distributions,4 as developed by
Halpern and Strutinski,5 and Griffin.6’7 According to their predic-
tions, the anlsotropy varies directly wlth square of %the dngular
momentum of the fissiOning nucleus and.inversely with 1ts nuclear
temperature and effective moment of inertia (see Section IV).

The previous'experimental results have been ekplained as follows.s‘
Fission products for which the yields inprease rapldly with increasing
exciltation energy (e.g. low.energy symmetric fission of uranium)
mosv probably result from fission prior o neutron_evaporation;
hence, the inlitilal teﬁperature of the compound nucleus is appro-
priate. Tor products with yieclds that are rather insensitive td
excltation energy (e.g. asymmetiic fission of uranium), a significant

‘fractlion of the fission may occur after neutron emission, and

thus at relatively low temperature. Applled to the case of medium
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ehergy-fissioh of uranium, a larger anisotropy.wbuld'be expected
for the asymmetric fragments because of thelr lower average T. Ior
fission'reactions in which the temperature is in all cases only
negliglbly decreased by pre-fission neutron emiséion, or uniformly
decreased independent of the final. fragment mass, the anlsotropy
is éxpected to be the same for.all products. The above arguﬁent

assumes no dependence of the yleld mass pattern on angular momentum.

J
i
]

We have extended the investigation of this problem by measuringg

. . 238,
angular distributions of several products from fission of ~~7U in- |
’ i
i s . - i

duced by QH and ‘'He. By means of techniques developed in other ﬁ

experiments,8’9 we wére equipped to measure angular disﬁributibns
with good precision. The Techniques included well-standardlzed
chemical procedures8 plus the use of a chamber for recoil collection
that permitfted much improved angular'resolution compared Lo previous

9

measuremenss.

p y . . le-
OCur results follow the general trends of the previous studies.
We correlate the various results and discuss the dependence of the
effective moment of inertia on angular momentum. A comparison with

calculations of the liquid drop model is presented.lo

Experimental Procedure

Beams of 48-MeV alpha particles and 24-lMeV deuterons were

accelerated at the Crocker 60" cyclotron. After collimation throughv

" three 0.2-inch diameter collimators, the beam was passed into a
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fission recoil-collection chamber that. is described elsewhere.
Typical bombarding times were from 3 to 24 hours at beam currentvs
of 0.5 to 1.0 pA.

Targets wére prepared Dy vaporizing 150 to 200 u,g/cm2 of UF4
onto a nickel backing foll of.thickness 220 ug cm2. In contrast Go
previous experiments of this uype, these thin targets permitted
measurement of the anguiar Gistribution in both the forward and
backward hemlspheres, simultaneously. AU angles of less than 60 dég
to the target normal, the fthickness of such targets 1s substantially .

; , ]

I

less than the range of the fission fragments. ‘ j

Catcher folls of 3/4k in. diameter were placed radially 5 incheq
from the target center at l5o'intervals with mean angles at 150 to ?
90O and from 1959 to 2700. The target plane coincided with the‘l350~
3150 diameter. The size of the catcher foils gave a spread of aboub
+ 4% in the width of the éollecting ahgle. For the small anisotropies
encountered in these experiments, angular fesolution cofrections

were negl%?ible.

Two Gypes of measurements were performed: (a) gross product

studles, and (b) studies of individual products. First, in order to -

cineck the reliability of the system, Tthe gross filssion fragment

angular distribution for 24-MeV deuterons incident on 38J was neasured

by a differential range technique. The products were stopped in
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‘stacks of 0.00025 in. mylar catchers. - After the bombardment these

3 N : ) B E - i L) L P ‘J‘
catchers were ¢ounted on Al backing plates and the gross beta activity
was measured with a group of end window proportlonal counters. The

|

radiation from each catcher foll was measured systematically with -

» 1

each detector,'and‘from the gross decay data, both the range charac-
teristics and the angular distribution were determined. These
experiments revealed the presence of three groups of products: (a)
~a short-range grbup observed in the first mylar catcher, (b) thelfission
products with average range of approximately 2 g om© mylar, and (c)
.llc, 13N etc. fromvthe activation of the mylar 1tselfl (bbserved only
in the forward hemisphere). In subsequent experiments that invoived
rédiochemigal processing, a sfback of three folls was used (1) a
mylar cover whilch was discarded (2) an Al foil 6f 0.001 in. which

was radio-chemically processed, and (3) an Al guard foil. Previous
studies had shown negligible production of the prdducts studled due
to activation of impurities in the Al.

The second set of measurements involved .separation of the fra

g
ments 7.5 day “‘ag, 9.7 nour P'sr, 12.8 cay *%a, and 8.1 aay 311

The Al cabcher folls were dissolved, inactive carrier was added, and .
analysis was performed by standard procedures for one or two of the
above products. The ylelds were guilte uniform and usuvally greater

than 80 percent. The samples were mounted and the.p radiation
measured as in the gross experiments. Initial counting rates ranged

140

from about 600 cpm‘for-9;sr down to 100 cpm Lo Ba.
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. Due To the high beam intensivics and tight collimation reqgulired
- for the experiments, Tthe possiblilty exlsted that neutrons Lrom

reacticns originating in the collimation system might have induced an
appreciable anount of fission. This was Investigated by focusing a |
deuberon beam on the chamber and then inserting a % inch carbon »lug

7, - fal

beam was moniltored by means oL

‘
o
3
o
=
3
®

in place of the last collimad

ities on the second collimatog);irst Wwith the

)
2!

vile conparitive inter

¢ in. After a repregsentatvive pombard-

collimavor out, and tnen with i
ing time, The folls were counted for gross activity. Only at Che
extreme forward angles wére the counting rates appreciable, and the
range characteristics indicated the activity to be the result of
activation of the catcher foils by secondary particles. This radio-
actlvity codld be removed by cinemlcal processing and therefo:e.did

not affect the fission product studies.
Results

Various studies have shown that filsslon is preceded by full
momentum transfer of the projectile to the target anucleus in the

- | |
2,11-12 uish this knowledge, the angular

reactions considered here.
distributions in the lab sysﬁem_can be easlly Gransformed into the
center of mass system. The transformation_parameter n was calcuiated
v+ . from the relationship |
. , o EbAbAf | ' : ’ -
| | (1)

i - ) o
LfA

c

Here, Eb and Ab'are the laboratory kinetic energy and mass of the
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projectile, and Af anad AC are wasses of The fragment and the coi-

pound nucleus. The kinetic energy of the fragment in the c.m. sysbem’
8
1s gilven by E,. Values of E, were obtalned in a nrevious study.
i L .

7

tained from the

The cenfter-of-mdss angular distribution 0bi
J. s SR e - . o = = L / 23 87‘ i - e A -
measgurements of the gross Ciggion prodaucts | U + 24-MeV "H) is

shown in Fig. 1. The angular distribution exhibits symmnetry about

907, and is in good agreement wlth other measurecments of the gross

In Pigs. 2 and 3 we show the angular distributlions for selected
fragnents from deuteron and alpna fission of uranium respectively.

In Filg. 2 the discrepancy between measurenents at forward angles

. o 211 C . 140 . s N ,
and those at backward angles for Ag and Ba 1s attributed to an
error In target posltioning. In the subsequent experiments this
error was removed and no such discrepancy was observed. We conclude
that the average of the results at forward and backward angles gives
a good representation of the angular distributions.

Cur experimental results are summarized in Flg. 4 where the ani-
. A0

sotropy (i.e., the differential cross section at O divided by that

4o ) : ) » du de . 'J.- o ¥ s N Ty oy =
at 907 ) is plotted apgainst the mass ratio (bT/@L). Also shown here

.o o e o 23
are simllar data for 22-MeV proton oombardment of 27U measured by

()
Do
i
12}

P2 l 3] 3
Cohen, et al, The ratio 1ﬂ/dﬁ represents the masses of the fr fe

before neutron emission.
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‘or 48-MeV "He bombardments, 10 i1s observed Gthat the anisotropy

[

iy A

very nearly independent of mass ratlo. In the case of 24-MeV

deuterons, on the other hand, there appears to be an increase in
anisotropy with increasing mesc-~ratio slmllar vto that observed byf

a0

. - 230, P S
~Conen for 27U + 22 MeV "H,

Discussion

Theoretical descripitlon of the angular distributlion of fisslon

fragments involves summation over the angular momenbtum states which

describe the orientation of the fissloning nucleus in space, usually

-
Jat

with respect.to a beam axis.! These states are described by (1) the lé
total angular momentum vector I df the fiss;oning nﬁ¢leus, arising ' :
from the coupling of the ftarget spin IO, projectlle spih S, and
orbital angular momentum generated in the reaction f, and (2) the
projection of I on an assumed nuclear symmetry axis K._.Fof reactions
where the most probable value of 2 is large (<4>~ 8), one can bake
I to.be approximately equal tQ J and replace the sdms by»integfals.5—6
This treatment charactefiZes the anisotropy by the parameter p WhiCh‘
is given by |

)y . : . . | ; . ,f‘

. LRIy o AR | o : o)
| p = 2 —Z . - -
¥ v 2 KO 2 L{O

!

2 . ' TR
. The quantity KO_ is the mean square value of the quantum number -

K. It is related to the effective moment of inertia«CEff of a nucléus

of cylindrical symmetry as follows:



‘estimate ppe Ihe implicit assumptilon

UCRL-10686

~ 9 -

_ 2 ” !_ -
K2 o T J = D () (3)
° el \{L RV T

where ﬁ}n and \El denote mouents of inertia about axes parallel and
:! 0 3 ' ' ’
perpendicular to the symmetry axls. The temperature T of The Iissile

nucleus 13 given approximately as
"= | (E¥ - E - E. )/ a. | (
T R [7( * ‘E‘roﬁ' —‘n)/ _L:, (r)

Erot’ and E*h are the excitation, rotational, and fission
[

threshold energles respectively, and a

Hy

. 1s the corresponding nuclear
level density varameter. The experimental angular distributions fix
the value of p, and Egs. (2, 3and 4) are employed to gain information

avout the fissile nuclel.

It is clear that our experimental results, even when supplemented

by many other studles, cannot test the separate effect of I, T and

on Iigsion anlsotropy. We must make certaln assumptions before -

the theoretical framework.can be used. - From our results . and those

q . . . i-2 N PUIE
oY others using protons and heavy ions ’9, we attemplt to estimate
P . 2 . ' .

Cile dependence ofvféff on Z°/A and angular momentum. In making

tazse esbtimates we use angular distribution data Ifrom several reactlons

. s e e o At P2 _
ing to fisslle nuclel with almos®t identical values of Z7/A. Ve

'..J
O
I\
QJ
*_J

. ~
N ’ a 3 - PRPTRY - . 2 A -
use calculated values of T and <1. along with Zgs. (2 and 3% %o

:

S that E% 1s the only quantity

H-
=

C.
g
a5}
i
%

s related to the mass of the final product. In other words,



E* will not cause much error in T,

ihutions are

we assune that the aﬂ'U’dL Gistri
of the mass distributions”.

In the calculatlon of T we ust
A )
_l__u.

energy (B%) of the Tissile nucleus.

lec

Theretrore,

ided
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independent

we must consider

slon. Sinece T 1is
is most important

the competltlion between fLfisslon and neutron cemls
3
proportional to (E* - E_ . - E_ )%, this problem
oxv oh =
T ] 1“7 2

and

o
)
l_
[63]
O
[
L2
O
*o
(D
@)
=y

decreasing L%, we are Justlified in assuning
A o - J P 235
before fission. TFor systems at high E¥ (7 C a

assume "first chance'

also indicate this is probably a

Values of Etl were calculated from Huilzenga,

<L >/2J where J

vias Taken as

l lg 0

meber a, was taken to be A/ e

possi

small because B+ D> By for such systems.

As a Test of these assumptions, we

1 2

! £ 238y with 22-Mev Y§  or 2h-Mev “um

may clte

2
[

h

L .
"He we consider

no neutron

160)9

fission because even a rather
Recent CalCdlablOﬂu by Pl sil

good assumpbtion. .

irrors in T sUemmin@

the results of

e

only the

, we also

large crror in
-2l

et al.lb, and

rot

1s Tthe moment of inertia of a

sphere of radius l.EAl/3 F. The fission level denslty para-

from the

ll;ty that th may Qecrcasc for large angular momentun are

the

“anisotrop

Py
0]

n
)
O
H

mass ratlo dopcnaence of the anisotropy (see Fig. 4 and Ref. 2). To
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asyimietric products appear

0 be greater than those for symmelric
oroducts. This effect hasg been atoriobuted to The lower i% values for.

asvmmeorlce fission due to neutron emissilon before fission.
10

e ] > 3 33 -1 s . 14 b = A Keal P R Y~

fission induced by H or He at higher energles This effect 1s rwch

smaller presumably because crnenges in E¥ lead to a much smallern

change in T. IHence, our resulcs substaniviate previous observations.

i

It should be pointed out, however, That an increase in TW/P

also lower T, so that for less fissionable nuclel, The anis
not become independent of mass ratlio until higher values of E% are
reached (g;g. 232my & 45-1eV p, Ref. 2). The magnitude of the
experimental errors, as well as insufflclent information about

I /T. as a function of mass dlvision, preclude a more quant titative

oL
2. .2 s B ) . - = J o~ Fal 23 8.. l 2
Glscussion of the mass ratlio dependence for g+ Hor TH,

In calcula <I )5 we usually make the approxmmatlon that

<L )>can be reolaccd by<<z >. The validity of this approximation
has been checked by carying out the exact summations over 4 and S
prescribed by Griffin in Ref. 7. Only for the cases 22-MeV lH -

238U and 2U—Mev 2H 238

U 1s a difference obse rved. In subsequent
calculations The results of the summations are used for these two

systems. TFor The remaining systems, we use
o 2 2 - -
2;3 2 2. . . / ) Y
LI°O™> = 25(2 4 + 1) Tz/ _-_(2z+1) T, - (5)
v = v = |

'The transmission coefficients Tz were calculated from the optical
1 2

o L. . ' PR .
model fox "H, "H and 'He, and a parabolic potential was used for
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120 and 10

0 (see Table I for parameters). We do not expect the

- nl 2 St ) ' - -~
vaiues of <ﬂ‘>>to be very sensitive to the model chosen for heavy
ions.

“These values 0f J > cen be Ldentified with <J_ > of Gthe rissile

Sl,

11
nuclei only if (a) cdmpound nucleus formation (total momentum and
nergy transfer) precedes all [ilsslon events, and (b) the flssion
cross,sedtion 13 equal to tie votal reaction cross secltlion. Angulaw
correi&tion studies and analysis of tiae an@ular disbribucion syﬁmeLry
have shbwn that Tthe first coudivion is s satisfiled for all reactions

- . 2,111,106 o . e s
considered here. ’~~7?7" Agreement between The measured filisslon cros

sections and the calculated votal reaction cross sectlon glves

. o o ki a o 1.
evidence that the second condition is very nearly satisfied for “H
- R 17 e : o 238 . U
and e, Direct reactions belween U and varlous,nrogecclles

at ~10 3eV/nucleon account for 11% of the total reaction cross sec-

2. 18 12 3 6 1
tion for H,”™7 14.5% for C,JL9 and 25% for 9 We assume these
209,. ' , ' .
e;;eccs to be the same with BLi as a target and correct the calcu-

.

vlated‘values o¥i <:ﬁ > for these reactions, with the assumptien
that direct inbteractions ab the nuclear surface consume Ghe highest
possible ﬂ~wéves. This correction is described in more -detall in
Ref. 10. |

In Table I we list the values of the various parameters used

in the calcuWa 7ons and the resulting values of the effective nomeot

o inertilia divided by the rigld body moment (\3

S . 2 - . . 4
values are showm as a function of x = (Z27/A)/50.13 in Fig. 5 and
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. .. - . . v . 20

agree well with simllar results measured by Chaudhry, et al.
. . - - » N s - et .
Liquid drop model calculations Of‘pbfm/\)o by Cohen and Swiatecli
C ES

: ] AT O LN i = :LO . 4o "

are also plotted as a continuous curve in FLzg, b, Cur experimental

e
'

points deviate substantially fwom une 1liguld drop value although

&}
“

1

theé same direction, As X decreases, experlmens and

7 £y

. . 4 -
I .
Ae rena LS

n

!_h

- ~ =

theory appear Lo converge. The liculd drop saddle shapes underio
gy <O X o< Py <O

(@]

capid deformation near X ~ 0,87, and as a result, Cohen and Swiatecki

sslon should differ markedly across this

=

o
L

Y

redlict The nature o

reglon. The trend of the data may be a reflectilon of
.Fig. 6 shows the ratio of the experimental %o ftheoretical effective
v , _ . v
. . . . - z : .
moment of inertia as a function of {4 for x ~ 0.72. We observe
to be on the average about 60 percent greater than unity
. . g s N o 2 - s . .
and to be essentially independent of <z > The deviabtion from unity

may possibly be explained by the choice of parameters (e.g. a, =

L}

v - —l - - . o sl o : . : oy
A/8 MeV 7). Preliminary calculations of the effect of rotational

21 i

energy on liguld drop shapes, carrled out by Plasll indica

¢ . 1 '-‘." . ‘ LR A- 4 1
~Ljeff/{]o should increase with angular momentum. However, This
increase 1s significant only for very large angular momentum.  For

- S PR, 1 ] ] e
X ~ 0.72, theory predicts an 8% increase in ~J 7 between '<z2>>= '
. e o)

ENAY)
0 and 2800, the range of values studied here. The data of Fig. 6

S I

are consistent with such behavioxn.

It should not be concluded that the near independence of
. o 2 . PR ) 1 : 4 p ’i’ '
\3 effAjo on <{f°> means that che_shape of the nucleus at the saddle

PR T e . o - .
point is constant. In no sense does \jeffAJo £ix ©the shape of the




cussed by Leachman and Sanmann usxng liguid drop-values of J
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nucleus; 1t only permits one to compare with shapes predicted by a
o . . e
given nchear model. Hence, arguments concerning the disvortions

created by rotatlonal and vibrational forces set up wiuhln the

J
=
o)
}..
(@)
<
[#5]
5
’Q
0]
L]
ci
N
n.)
*_h
o
Fy
I.__J
<
(@}
=
o
0]
o
-
)
o]
K

ngular momentum and excltation

One further consequence of the experimental dependence of
~ ' - y i1 A . .!.‘ 3 1 ‘
”fAJo on x should be noted. This regards
in the Bohr angular distribution theory. Specifically, 1t is ob-
served that the anisotropy firous l-b MeV wneutron induced Lissilon of

355 A N _
235y (I, = 7/2) is greater than that from fisslon 240p, (. =1%).

-

o}
Thneory predicts lower anistropy for high spin targets at The same

-angular momentum and excltation enecrgy. This effect has been dis-

22. .

PR
6 the =270 -

o

cate Th

i
o)
®
"
o
0
o
}_l
cir
v
}._J
o}
by
‘_
n-
(R
°
U
t
o

Bxramination of

2 20 i ) ’ . . . - .
““Pu comoar;son 1° not a good test of the Theory because C%ff/C%

]

increases about 25% between these two nuclel (Ax ~ 0.02). If one
ingerts these values into the theory, making consistent assumpilons
about nuclear temperature, 1t is observed that the experimental

nis ocf001eg are reproduced within the limits of error. 3Such a

U

calculation 1s discussed in Appendix I. From the results of these
consliderations, it apbears that the "target spin anomaly" arises in

part from the rap id cnanoe in \j ~~Aj that occurs in the region
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To summarlize this study, we hove eXtended the previously
reporbed informatlion on the angular diztribublons of ({ilsslon products.
From our work and that of others. 1T appears that the elfective

Ve

P S I m et BN A P PN TVt AT [a¥] s K P
moment of incrtia for fissile nuclel of X & 0.72 1s esser

~ ~ o) m -\ A P B £ 2 -
independent of angular momentum between < 4> = 0 and 2300. Our

, P 2 2l
¢ ol J versus Z° /L presented by

P

results compare well with a plo rr
o

e
- 20 o - o ws .
Huizensa,., et al. Further, they indicate tha

=)

the "target spin

anomaly” in the Bohr fission theory probably does not eéxist.
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Center of mass angular distribution for gross products

. 2.. n 2 ; S
from aL—Mov H bombardment of 238, ( [J - backward hemis-
phere; o - forwawd hemlgpnere).

3

- distributi

b

Center of mass angula:

from 24-MeV "H bowmbardment of U. DSymbols are as in Fig. 1.
Center of mass angular distribubtions Ffor various products

Y e )'%'--‘ s . .aU- - L. .
from 48-MeV "He bombardment of 3 U. Symbols are as in Fig. 1.

Anisdropy,[d(oo)/o(9oo)] as a funcbion of mass ratio (I,/¥

£ 238 T YU . : P Ty ln‘v — f". < 2-.* ’ ’\ -
for U bomparded witn 22-}MeV "H ~ [ ]; 2&=MeV "H - ©

and L8-MeV "He - o.

Effective moment of inertia ) divided by tnb rigid

eff

)
o

souere moment-C% as function of the fissionablility vara-

meter x. Symbols are as follows: ©Ghis work - o; Ref. 20 - A;

Ref. 1 =~ 0 ; Ref. 2 - Y/ ; Ref. 9 = []. The dashed curve

represents the :experimental points; the solid curve is from

the liquid drop model (Ref. 10).

The ratio of the ex OC*LMCJLal J efr to the ligquid drop value

r\.

(Ref. 21) is a function of average angular momentum 2> .
Sol d line represenvs theoretical value for angular momentum

dependent \jef le ~ . .for case-of no angular

)
L

momentum with x = 0.72.



of anisotropy versus energy, Lo

233 235 e
Np, “2°U, “2°U and 3%y

The data are those of Ref. 20 - o and kel
golid curve agsunes ission incependsnt of

’,

- . o

and the cdashed curve assumes fisslon occur

possible f-waves.

Parameters involved in analysils of angular
Ty - asn Al [~El —"'c. Ny ’\; "" [ERTS N
gava and resuLos LOor \/e_L_L “-’O e

1. . e 2
H and 24-1eV

expansion of Re

guoted values for \3ef

H bombardments
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or pombardment oI
ons.

27 - o. The

anzuler moumentun

from the highest

distribution

fAjo'

were .

£e 7.
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Table I
Z A 2 A 1 ~ ’.s Fom - N -
‘éﬁ‘%‘)‘ 15> E* (MeV) E ot (Mev) By, (MeV) Psym Nere/do
T . . 238 y N Ty Y a ~ . ’ ’ 7 o~ - T 00’26
22 MeV - p+ [§) 0.722 . 20.7 27 .2 : 0.1 o.h4 0.15 £ 0.05 0.72 9 19
: ' _ ' 0. 18
45 Mev - D+ _238U 0.722  79.0% 50.1 0.4 ‘ o.1 0.25 = 0,04 o.97 T 8112
2y vy a+ 3% orie 1.0 32.0 0.3 7.9 0.30 £ 0.06 0.90 % 8;3{,
. y - 238 b | -
48 MeV - He'+ - ) 0.728 270 42,2 1.1 . k9. 0.94 + 0,056 1.02 % 0.07
- 209, - : - -
125 MeV 012+ 9Bl 0.717 17650 85.0 8.0v 6.6 5.3 % 0.3 0.91 + 0.00
. 15 209, ‘ | » )
166 MeV Olo+ 9Bl 0.734 _2768C 107 12,0 - 5.0 5.0 £ 0.3 1.09 £ 0,02
a Optical model calculations of B. Wilkins, lLawrence Radlation Laboratory, privatse communication. The
- parameters were: V = -54 MeV and W = -9 MeV for the respective real and imaginary parts of the nuclear
ootential r,= 1,30 F for the nuclear radius, and a = b = 0.52 I for the resl and imaginary potential

diffusencss parameters.

Optical model calcalations of J. R. Huizenga, Argonne National Laboratory, Argonne, Illinoisg; private
communication., The nuclearqogfamvtefs for the deuterons were: V = -57.2 MeV, W ,~9 MeV, o, = -0 I,
and a = 0,63 F. Those for ‘He are based on J. R. Hulzenga and G. Igo, Nuclear Physics 29, 462 (1882).

ot
(/‘

Calculations based on the parabolic approximation to the diffuse nJclng no tial, described by
T. D. Thomas, Phys. Rev. 115, 703 (1959), using parameters derived for II b V. BE. Viola, Jr.
and T. Sikkeland, Phys. Rev. 128, 767 (1962).

9890T-T0N
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In owder To investigate the QCDLDU nice of The anisolrony on
target spin 1t iLs convenlcnt o consider fission induced by low
energy (1-5 MeV) reutrons. e analysls of such compound systems

Lificulties 1n defining qua antities such

| aid
4]
el
st
=
Ci
(¢}
o
O
|
[
(@]
[55)
i
o
o
S:.‘
O}
(e
O
joN
(_.

as the nuclear temperature and moment of inertlia as well as knowing
the energy gap parvameter applicable to

nuclel.

have performed an approximete calculation based in part on

=
o)

superconductivity conslderations and using experimehtal values of
\j oﬂAJ derived in this work. The theoreticai anlsotroples have
been calculated according to Ref, 7 dsing opticél model trangmission
coef“ioient524 under two extreme asswnpllons about the f-dependence
of Iigsilonability: (l)-thét fission occurs with equal probability

frem all g-waves, and (2) that fisslon results only from The highest

possible J-waves., Neuvron fission cross sectlons were taken from

~Rer. 25 and The compound nucleus cross section was based on Ref. 24.

The nuclear temperature is aef;ned by

% = L 2

where_
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The gap perameter A was arbiurarily veken to be 1.0 MeV and € = 1

5 or 0-0 nuclei. The reduction

for e-~e; O for e-0 and o-e; and -1

of the rigid ovody moment or inertla due To palring effects at low
energles was calculated according to the palring model of Leng.”™
In general, Ior tnésé excitations Jn~ ;\jo.
e ' : , ' s _2b=27
The results of these calculations are compared with the cata”

braciieted vy the theoretical curves representing the two asswiptions
regarding filssionabllity as & function of angular momentum. Hence,

~

within the limitations of this model, The so-called ""nomaly in

the Bohr theory of fission anisotroples is not apparent if one includes
The experimentally derived differences in \) fAJb with nuclear

& Je

species, and permits Jf- depenoel fission.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission"” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








