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A simple analytic expression for the angular distribution of fission fragments is derived in 
the case of small anisotropy. The effect of the initial nuclear spin is discussed. 

IN reference 1, a method was suggested for the 
calculation of the angular distribution of fission 
fragments and analytic expressions for the angular 
distribution were obtained for a target nucleus of a 
given spin. In the case of a Gaussian distribution 
of the probability of fission with the value of the 
projection K of the angular momentum J of the 
compound nucleus in the direction of fission 

ct (K) = exp (- K212K~) (1) 

the angular distribution of the fragments depends 
weakly on the initial spin; the spin-dependent terms 
in the angular distribution are of the order J~l2/~ 
(where J 0 is the initial spin, l is the orbital angu
lar momentum of the neutron), while the basic term 
dependent on the angle is of the order l 2/K~. The 
dependence of the total probability of decay of the 
compound nucleus r t on the value of the angular 
momentum of the nucleus also leads to corrections 
of the second order in the angular distribution. 
This effect also leads to an additional weak depend
ence of the anisotropy on the initial spin. In the 
case of a small anisotropy in the angular distribu
tion and a weak dependence of r t on J, one can 
obtain an analytic expression for the angular dis
tribution in which the dependence of r t on J is 
taken into account. 

The overall width of the compound nucleus 
state is the sum of the radiation, neutron, and 
fission widths. The first is usually negligibly 
small, while the dependence of rn and rf on the 
angular momentum can be determined with the aid 
of statistical theory: 

fn (J) = fn(O) exp [- (ct;- a£) J (J + 1)1, 

r, (J) = (2J + 1)-l r, (0) exp [(ct£- a~) J (J + 1)1 
J 

X 2] exp l-K212K~l. 
K=-1 

(2) 

(3) 

In (2) and (3), a = 112/2!fT, where }f is the moment 
of inertia of the nucleus and T is the nuclear tem
perature. The subscript i indicates quantities re-

ferring to the initial compound nucleus and f, to 
the compound nucleus state after the emission of 
the neutron; the asterisk indicates quantities re
ferring to the deformed "transition" nucleus. The 
constant {f 1 appearing in the expression a! 
=11 2/2 !f!T* is the moment of inertia of the transi
tion nucleus with respect to the axis of symmetry. 
In the remaining cases, the moment of inertia is 
equal to the moment of inertia of a spherical nu
cleus lfo = 2AmR2/5. 

Expanding r n ( J) and r f ( J) into a series, we 
obtain 

y1(J) = f;(J) I ft(J) = Y? [1 +qJ(J + 1) + ... I, (4) 

where 

q = y<~l (a1- a~) + yjol (l/2K~), y<~l = r n (0)/f; (0), 

y)0l = f; (O)fft (0). 

This expression for 'Yf ( J) should be inserted into 
the general expression for the angular distribution 
of the fragments, which, for fixed values of l, of 
the channel spin S = J 0 ± Y2, and of J has the form 1 

WtsJ(il') = 2 ~:/: i) ~ (q~1m)2 aJ (K)! Ytm (it) 1
2 , ( 5) 

0 mp.K 

a1 (1() = yt(J)ct (K). 

The overall angular distribution of the fragments 
is given by the expression 

·W(i1) = ~ ~tWtsJ(1'!) I~ (21 + 1) st, 
ISJ ISJ 

(6) 

where t; l is the neutron sticking coefficient, which 
is assumed to be independent of J and S. Inserting 
Eqs. (5) and (4) into (6), we sum over J, for which 
we use the following formulas for the summation 
of the Clebsch-Gordan coefficients: 

1+5 { ~ (CJK )2 = 1, IK-mi~S 
...::.J Sp.lm 0, I K - tn I > S 

l=Jl- 51 
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1~ J (J _:__ I)(CJK )2 ={I (I ·1-- J) -~ S (S- 1) -- 2mf1, 
.LJ ' Sp.lm 0, 

J=il-SI 

I fl. I<; S, I m I<; I 
lrti>S, Jml>l' 

After summing over J, we obtain 
I 

Wts(il') = ~ WLSJ (il) = C ~ I Ylm(il) !2 

J m= -l 

m+S 

x ~ {l+q[l(l+1)+S(S+1) 
K=m-S 

--2m (K- m))} a (K), (7) 

where the constant C does not depend on l and S. 
For a ( K), we use the expansion 

a (K) = 1 - /(2 (21(~)- 1 + iTJ /(4 (21(~-2 + . . . . (8) 

An arbitrary coefficient T/ is introduced into 
formula (8) in order to take into account the possi
bility that the distribution a ( K) deviates from a 
Gaussian one at large values of K. The term with 
K4 leads to corrections of the second order. The 
correction to the angular distribution, as a result 
of the dependence of Yf on J is small - of the 
order q/2~ -, i.e., it is a small quantity of the 
second order [ q and ( 2K5 }-1 are of the same 
order]. Taking this into account, we obtain from 
(6), (7}, and (8}, after simple calculations: 

A (il) c= [a1 (il) - a1 (90°) l/a1 (90°) = ( [2f 4K~) { [ 1 -'-- (S216Kg) 

+ q (F! f2- f2 + ~ S2)]cos2il + (TJ/21(~[ ~ /4 ' (1- sin4il) 

+ 12(52 + 1/2) cos2 ill}, 
where 

(9) 

[2 = ~(2! + 1Htl (l+ 1) I~ (2! + 1) ~~ (10} 
l I 

is the mean square angular momentum transferred 
to the nucleus by the neutron; rr and 7! are the 
analogous mean values of the quantities 12 ( l + 1 }2 

and l(l2 - 1}(1 + 2}, and 82" = (Jo + Y2}2 + %. In 
(9}, we have discarded third-order terms. In the 
first order in ?/2K~, the angular distribution does 
not depend on the spin of the target nucleus. The 
change in the anisotropy of the angular_iistribution, 
when the quantity S2 is changed to .6.S2 is 

~sA(0°) =~ P/(~2 {(1-3Tj)/6/(~ ..j--~q}~S2 • (11} 

According to the experimental data, 2 there is a 
small systematic difference in the value of the 
anisotropy for the nuclei U235, U233, and Pu239: 

Au'" (0°)- Au, (0°) = Aum(0°)- APu•"W) = 0.02-0.03. 

It is natural to interpret this as an effect of the 
initial spin. For the three nuclei, the values of 

.6.S2 are equal to 7 and 8 units. For a theoretical 
estimate of .6.sA ( 0° }, we set Tf = T* = T in (4} . 
The quantity 1/?ff - 1/?f 1. is equal to ?fo ( 1.2z 
+ 5.6z2 ), where ?f·o is the moment of inertia for a 
spherical nucleus, and z = 1 - ( Z 2A }/( Z2/ A >cr·3 

For T = 0.3 Mev, yri_0> ~ y;o> ~ 0.5, and a value of 
?f 0 corresponding to a rigid body, we obtain q 
~ 0.01. The parameter l2/4K5 is determined di
rectly from the experimental value of the anisot
ropy, since in a first approximation it is simply 
the same value. For neutrons of energy 3 - 5 
Mev, we have l2/4K5 ~ 0.12, K~ = 12 - 15.2•4 

From (10} we find that the experimental value of 
the difference .6.A ( 0°} for T/ = 1 [i.e. for a Gaus
sian a ( K) ] would correspond to q four to five 
times the thermodynamical value, which is unlikely. 
Another possible effect is a cutoff in the distribution 
a ( K ), in comparison with the Gaussian one, for 
large K, which is natural to expect in view of the 
finite size of the nucleus (see also ref. 1}. The 
coefficient T/ should then be less than unity or 
negative. Then T/ ~ 0 would correspond to the 
experimental value of .6.A ( oo) for the above-men
tioned thermodynamical value of q. 

A rough estimate of the highest possible value 
Kmax can be obtained by equating the rotational 
energy of the nucleus 

Erot = n2/(2/2Jeff = (/(2.'21(~) T' 

and the excitation energy of the transition nucleus 
E* . In this way, we obtain 

Kmax= {(£*/T') ·2!(g}'1•. 

For E* ~ 2 - 3 Mev, we have Kmax ~ nK, where 
the factor n is several units. This value of Kmax 
is in agreement with T/ ~ 0, since for T/ ~ 0 the 
distribution a ( K} vanishes when K ~ .../ 2Kfi. 

The author expresses his gratitude to Dr. J. 
Griffin for valuable discussions. 
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