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I. - INTRODUCTION. 

Some recent works( 1) have evidentiated the presence of statistical fluctuations in the 

excitation functions of preequilibrium rea ctions . The problems connected to the determin~ 

tion of coherence e ner gies have been pointed out too. This paper has the aim to present in 

detail some of the most significative results, which may be useful for people wishing to go 

deep into these arguments. 

2. - FESHB~CH'S THEORY OF PREEQUILIBRJUM REACTIONS. 

Feshbach's theory(2) is a quantum-mechanical theory which describes the entire 

spectrum of a nuclear reaction. Two types of processes are distinguished: 

a) multi-step direct emission (MSDE), with cross-sections slowly varying with energy and 

forward peaked angular distributions; 

b) multi-step compound emission (MSCE), with fluctuating excitation functions and angular 

distributions symmetric about 900 . 

The reaction cross -section is obtained by incoherently adding the two contributions. 

As we intend to study statistical fluctuations in the excitation functions, we III point our i~ 

terest on the general feat ures of MSCE. 

In the MSCE the various stages of the cascade process are formed by the bound sta

tes of an intermediate system with a relatively long lifetime, so that in each stage statis~ 

cal e quilibrium may be reached. The transition amplitudes relative to the stages are as-
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sumed not to interfere, all the stages giving so independent contributions to the cros8-se~ 

tion ; nevertheless cross correlations may still exist. 

In order to distinguish the contribution of MSCE from the one of MSDE we need to 

separate the transition matrix into two non interfering parts: the first rapidly varying 

with energy to be associated with MSCE, the latter slowly varying with energies to be a~ 

sociated with MSDE. Generally the separation is achieved by associating to the direct pr~ 

cesses the mean value of the transition matrix on an energy interval larger than the expe~ 

ted fluctuation widths, and to the compound processes the part of the transition matrix flu~ 

tuating about this mean value. Of course the mean value of the transition matrix should be 

independent of the averaging interval and the fluctuatin g part should have a 0 mean value 

for each amplitude of the averaging interval. In this way: 

S ~ s + Sf 

with: 

and 

for each energy interval 1. 
r 

If Sf ~ 1: Sf, Sf being the amplitude relative to stage n, 
n=l n n 

for each energy interval I, we obtain: 

r f 
(a') ~ ad ' + (1: a ') 

l r n=l n 

with no interference between the various stages. 

3. - CORRELATION FUNCTION. 

(1) 

(2) 

f 
and moreover < S > = 0 

n I 

(3) 

An important quantity for the evaluation of the coherence energies i s the correlation 

function: 

F (E) ~ (a(E)a (E+e) - o(E)o(E+E) > 

As n (E) = ss*, by using (I), we'l! have: 

and the correla:ti on function becomes: 

F(E) = ( d 51 2 + Is
f

l2 + 2 Re{ssf*})dS,1
2 

+ I s~12 + 2 RetsEs~:t1 ) _ 

_ «151
2

) + .( Is
f I2> )( (1 5, 1

2
> + (I S; 12> )"). 

(4) 
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, f:t f:t f f 
By remembering rel ations (2) and that moreover < S Sf >r = <88£ > 1 = 0, and mak-

ing use of the following expression for the scattering amplitude: 

we obtain: 

F(,) = (SfS~"'><Sf:tS~) + SS;<Sf:tS~ > + S"'SE < SfS~:t> 

= I ( sfs;:t >1 2 + 2 OdlrRe<sfs~:t> 

By dropping the direct contribution and showing explicitly the contributions of the 
r r 

various stages of MSCE (i. e, Sf = J: Sf sf:t = J: Sf:t) we have: 
n= l n f n =1 £n 

F(f) 

as <Sf sf:t > = 0, 
n mE' I 

Making use of the relation "rr:t, > = ( ff:t> r one finally has: r - ie 

F(E) I 
r _ f 
I 0 

n=1 n l' - i 
n 

~1 being the coherence energy relative to stage n. 

Expression (6) has been obta ined for the first time by McVoy(3). 

(5) 

(6) 

In order to apply the spectral density method(4) for the extraction of the coherence 

energies, it is convenient to write the correlation function in a more suitable form. To 

this aim we note that (we drop the f): 

r 

F(E) = I I 
1 n 

a r2 
n n 

r 2 + £2 
n 

r l- (j r2 r (n n 
1 n, m r2 + E 2 

n 

) + ( 

By applying the Laplace antitransform and making use of its property: 

t 
Yl(P) Y 2 (p) = 1 Yl(~)Y2(t -~)d~ 

o 
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we obtain: 

r 

7n,ml 

+ / 
o 

o 0 r r cos f ~ cos fm(t -~)d~ I 
n m n m n 

r 
J: aarr 
1 n, m n n1 n m / o 

:I a a n,m n m 
(sin r t + sin r t) . 

n m 

Applying now the Laplace transform we have: 

So: 

where: 

and 

F(6) 

F (s) 
nm GO n m 

F(6) 1: F (6) 
n,m om 

( r2 2 
+6 

n 

F (0) .= 00 
nm n m 

(7) 

(8) 

(9) 

No+:e that, by definition. Fnm(O) = . a a - (j a ,and that expression (9) is an ob-
nm nm , 

vious result, due to the Poisson distribution followed by the Gn's. 

If we now consider the normalized correlation function: 

F(6) 
F (0) F (6) F (6) 

Q (6) 1: nm nm 
1: A 

nm 
( 10) 

F(O) n,m F(O) F (0) n, In nIn F (0) 
nm nm 

where: 
F (0) anam - anOm 

A 
nm 

A 
nm F(O) ;;2 - 2 mn _ 0 

The Anm coefficients do not depend on energy and moreover they are normalized 

as, for e = 0, expression (10) gives: 
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I A 
n,m nm 

1 . ( 11 ) 

The Anm coefficients repr esent , for m = 11 , the vari~nce of the c ross -section rela~ 

ve to a single stage and, for m I 11, the cross correlation between two different stages in 

the chain. 

The co rr elation function now becomes: 

I A 
nm nm 

which, due to its symm et ry with respect to nand m, may be written as: 

with 

Q(E) 

Q (el 
n 

If the hypothesis 

ho1ds( 3), then, 

2A 
nm 

2A 
nm 

2A 
n m 

Hence: 

A 
n 

rn 
r + I' n m 

rn 
r + I'm n 

rn 
r + r n m 

A + 
nn 

~O 

'" 

A 
nn 

2A nm 

2A 
nm 

m < n 

A 
n 

I A Q (e) 
n n n 

r 
I 2A r+r 

n m 1 rn nm 

n <.m , 

n. = m , 

n > m . 

( 12) 

( 13) 

which now are independent from the coherence widths. It is evident, from (11), that the An 

coefficients are normalized too. 

Writing down the spectral density from expression (12), by means of the Fourier 

transform, we obtain: 



W(u) 

- ~ -

n=1 

-r u 
l: Are n 

n n 

r 
(14) 

which allows the evaluation of the coherence energies in the way as described in ref. (4). 

4. - CONCLUSIONS. 

The basic assumption of Feshbach's theory. eq, (3), states that incoherent contribu-

t ions come to the cross-section, on the average, from the various stages of the cascade, 

However it doesn't exclude the presence of cross correlation effects, and these are taken 

into account in expressions (4) and (14), used in the evaluation of the coherence energies 

from the excitation functions. 

On the other hand, expression (14) is formally identical to the one we could obtain by 

completely neglecting cross correlation terms, except for a different meaning of the weights 

An ' s. In this way the spectral density method may be used, without any changement, for 

the contemporary extraction of the Anls and fn IS, 
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