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branching ratio is proportional to the ratio of partial width r(y + B) and total 
width r101 . Clearly the total decay probability is a property of the compound 
nucleus only and does not depend on the particular choice of the entrance and 
exit channels. The factorization assumed in equation (8.3) is an expression of 
the independence of formation and decay of the compound nucleus. 

The cross section for the formation of the compound nucleus is assumed to 
· be a maximum; that is (chap. 4),

aro,m(x +A)= amax = nl2w,

where the quantity w is the statistical factor and where for neutrons nl; = 
nR2 (R is the nuclear radius of the colliding pair). In the case of charged 
particles, the penetration through the Coulomb barrier (chap. 4) must be taken 
into account by multiplying by the penetration factor Pi(E, R):

aro,m(x +A)= d2wPi(E, R).

For both neutrons and charged particles, it is assumed that particles reaching 
the nuclear domain are fully absorbed, i.e., that the reduced particle widths 
(chap. 4) are unity. This assumption is also applied for the exit channels 
through the reciprocity theorem. Hence all partial widths r(y + B) as well as 
the total width r

101 
= Li ri can be replaced by their respective penetration 

factors. These factors, often called transmission functions, are given by 
I;(E, R). The basic Hauser-Feshbach expression for the energy-averaged cross 
section for any orbital angular momentum l is then 

-(E) = ,t2 Tx([)Yy([)a n w 
Li T;([) 

If J and n are the angular momentum and parity of the compound nucleus 
resonance states, the reaction can proceed through all such states, and one has 
to sum over these quantities: 

a(E) = n;,t2 

L (21 + 1) Tx(J, n)Yy(J, n)
(2j

p 
+ 1)(2j

t + 1) 1.,, Li 1;(1, n) 
(8.4) 

Here ii and j 
P 

are the spins of the target nucleus and projectile, and the quan­
tities T,,(J, n) and Yy(J, n) are the transmission functions for formation and 
dissociation of the compound nucleus state (J, n) via the A + x entrance 
channel and the B + y exit channel, respectively. 

The sum in the denominator of equation (8.4) includes all states in the 
residual nuclei that are energetically accessible at the interaction energy E of 
the entrance channel. Each transmission function contain°s an implicit sum 
over orbital angular momentum and channel spin, if applicable. When the 
accessible excitation energy in the residual nucleus is higher than the energy 
for which excitation energies, spins, and parities of the excited states are 
known, the sums will include integrals over the regions where the states are 
not known. This aspect requires the development of analytic expressions for 
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