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In the present short paper, the authors would like to report a useful study for the
symmetric and the asymmetric properties of the fission probability in nuclear fission
reaction. Since such properties of the fission probability was not known, but it was not

understood or analyzed well so far. However, in fact, the experimental result of the fission

process and the resonance fission, the variation of values of the fission cross section o %/

is quite often asymmetric and deviates from that of the symmetric fission cross section.

The fission cross section ¢ ®’ is given as

o o,f: Y4 gr 7VF7V _ (1)
K* (E— Ep2+ (I'1)°

where E is the incident neutron energy (E = 4% K?/(2M) and Plancks constant 4 (h =
h/(2r)), FEy is the resonance energy, g is the statistical weight factor, I ¥ is the
neutron resonance width, I ’;, is the fission resonance width, and I" § is the radiation

resonance width.
To understand the symmetric and the asymmetric properties of the fission probabilities

(P va) will be helpful for us to study further safety controls for both nuclear weapons and

reactors as well as, in particular, to design and test the nuclear explosives. In fission
experiment, the most direct obtainable information on the fission reaction or process is the

fission probability ( P{V ), which is given by the ratio of the fission resonance width

(r {V) to the neutron resonance width ( I' }) plus the fission resonance width ( I ﬂ,),

that is,
P n
ri-= W‘*‘A}'—{v - (2a)
- - (2b)

where, in the vicinity of a resonance, the factor @ is given as I' 3/ I' ﬁ, Here, it may be

noted that the fission probability is not a function of only the neutron resonance width and
the fission resonance width, but also it includes all possible decay or reaction modes.

For example, considering another radiation mode in the fission process, the fission
probability

Of Eq. (2a) is rewritten as
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where I' =T %+T % with I'yh >I' )% ad I } is the radiation resonance

width. Now, we consider the symmetric and the asymmetric properties of the fission
probability of Eq. (2a). It comes from the symmetric and the asymmetric properties of the

resonance parameters, ie., I’ {V, I' % and I §. These resonance parameters break up

into the folowing two segments: (i) the symmetric resonance widths and (i) the
asymmetric resonance widths. Therefore, because the neutron resonance width and the
fission resonance width (including the radiation resonance width) divide by these two

properties of (i) and (ii), that is, the symmetric resonance widths ( I' §°, I’ fSand T 59

and the asymmetric resonance widths ( I' %° I’ %°(D)and I' }'*(D)), there exist both the

symmetric and the asymmetric resonance cases in the fission probabilities of Egs. (2a) and
(3). First of all, we consider the symmetric and the asymmetric neutron and fission
resonance widths including the radiation resonance widths. These resonance widths are:

(a) for the symmetric resonance case

ry #°K 7,

2 = M?’ 2 - (43)
/s 2

FZN = ﬁﬂjﬁ{“ - (4b)
s 2

FZ N~ ﬁMI:;S - (4c)

where, again, h is Plancks costant (h=h/(2x), k is the incident neutron wave numbers
(here, the incident neutron energy E is given as E = n? K?%/(2M)), M is the reduced
neutron mass, 7 ; is nuclear surface radius, and ¢, and ¢, are the fission and

radiation phase shift factors, respectively.
(b) for the asymmetric resonance case

I' ¥ _ IK/KID _

5 = - (5a)
r 4*(p) _ _a,D B
ry* ¢,D ~

5 = (5¢)
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where, again, ¢, and ¢, are the fission and radiation phase shift factors, respectively,

D is the level spacing or the separation between the energy levels, K is given as
K = 0.2187 (40 (in MeV) + E (in MeV))) - (5d)

Next, we consider the respective syrnmetric and asymmetric fission probabilitiés (ie.
P ﬂ’,s,and P ﬁ';”) in Eq. (2a). First, on substituting the symmetric resonance widths of Egs.

(4a) and (4b) into the fission probability of Eq. (2a), the result for the symmetric fission
probability is obtained as

s rg
Pi= —5 -
N 1—1 g,ls_l_ [1 {\I]S (63)
2n q.K,
= My - (6b)
2 h2K75+ 2ht q,K 7,
Mr? Mr?
Secondly, if the radiation process is included, the symmetric fission probability also will be
written as
F fT,S
fros_ N
PNYS— in5+11 ,1'\;,.3 - (78)
20°Cast g, K7,
My, - (7b)
2 thrs_i_ 2h*Cast a,)K7,
Mr? Mrf

where I' ¥°=T 4§+ I }* Now, from Eq (6a), it can be seen that the symmetric
fission probability of Eq. (7b) is mainly the function of the respective fission and radiation
phase shift ¢, and ¢, , and the incident neutron energy E (= h? K%(2M)). Here, at
low energy E, the factor K of Eq. (5d) can be considered to be a constant factor and M rf

is the same as the moment of inertia. Of course, Eq. (7b) shows the fission probability
included the radiation process depends on the fission and radiation phase shift factors, ie.,

grand q .
Secondly, we consider the asymmetric fission probability ( P {(,”). Now, on substituting
Egs. (5a)and(5b) into Eq. (2a), the result for the asymmetric probability ( P {(/’) is obtained

as
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rye+ri
D
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=~ 2IK/KID|x +2 q/D| ©
In addition, if the radiation process is considerd, the asymmetric fission probability can be
written as, from use of Eq. (5c),

p e Ly - (%)
N r ne+r e
+ D
2(4/ Qr) /7r - (9b)

= 2IK/KID|x +2(q,+ q,)D/
Here, it can be seen that the asymmetric fission probability of Eq. (9b) depends on the
phase shifts ¢, and ¢ ,, the neutron energy E, and, particularly, the level spacing D. It

is of very interest. Here, it is noted that K is considered to be constant at low E.

As a result, the fission probabilities of Egs. (7a) and (7b), and Egs. (8a) and (8b) show
clearly the symmetric and the asymmetric fission probabilities, respectively. It indicates
that the value of a fission probability can be observed either the symmetric case or the
asymmetric one in experiment. In conclusion, we may hope that our present theoretical
result for the symmetric and the asymmetric fission probabilities may prove helpful in
further detailed exprimental study of the fission probabilities.
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