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A difBculty in the derivation of the cross section for statistical multistep direct reactions is
resolved.
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For many years nuclear reactions were analyzed using
two extreme models. One involved a long interaction
time that led to the formation of the compound nucleus.
The other involved short interaction times such as the
single interaction model DWBA which was used to de-
scribe the direct reactions. Eventually these were found
to be inadequate. Emission into the final state before the
formation of the compound nucleus was found to occur.
The single step process was found in many cases not to
be adequate for the description of direct reactions. A
semiclassical theory to describe the precompound forma-
tion of the final state was developed [1] while coupled
channels were introduced to describe additional interac-
tions for the direct process [2]. A statistical approach [3]
to the precompound situation was presented to the Mu-
nich conference in 1973. In 1980 a paper was published
on a statistical approach to both types of reactions by
Feshbach, Kerman, and Koonin [4] (FKK). The analysis
was called the statistical multistep theory. It had two
components, the statistical multistep compound theory
which described the precompound process as well as the
formation of the compound nucleus. The second, the
statistical multistep direct theory, is the subject of this
Rapid Communication. Both of these theories have been
successfully used in the analysis of experiment. A review
of the first is given by Bonetti et al. [5]. A review of the
second can be found in the S'or&shop on Multistep Direct
Reactions, edited by Lemmer [6].

The theory for statistical multistep direct reactions de-
veloped by FKK had an error which was pointed out by
Kawai [7] and by Tamura et al. [8]. The error was reme-

died in 1985 [9] with the result that the final FKK expres-
sion for this process was unchanged so that the analysis of
several experiments where it had been successfully used
remained valid. However, for reasons which are not clear
to this writer, the derivation of Ref. [9] was not accepted
by many, although no valid criticism of the derivation
was ever presented to me. In this paper, I shall develop
another proof which is simpler and hopefully more ac-
ceptable.

The issue is the spectral decomposition of a Green's
function 1/E(+) —H where H is not Hermitian. . The
derivation in FKK takes into account only the b func-
tion component. We are therefore concerned with the
expression

M = vb(E —H) v

where v is the transition interaction. Instead of expand-
ing h(E —H) in the eigenfunctions of H, we introduce
the eigenfunctions g and g of the energy average of
H, H, as follows:

) q (+))g (+) b(E H) y (—))(y (—)

The function vPp satisfies

4P
' =4P+ E H &4'P, .

where @p satisfies(+) ~

(4)
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We note that g @( ))(g( ) and P g(+))(@ + are unit
operators. From Eqs. (3) and (4) one obtains

so that

Performing an energy average replaces H by H so that

M = ) vy(+))(1t (+) h(E —II) ~/rp+ )(yp )v (7)

But

Since the energy spectra of H and H dier, because H
and H are complex and H is the energy average of H,
8(E —H) h(E —H) is zero, and M becomes

or

M —) uq(+)) g(E E ) (q(—) (8)

where 8 is the eigenvalue of H. This form is the one
used by FKK, thus completing the derivation of the de-
sired fi.nal result. The expression for the cross section
obtained by FKK is thereby justified.

We note that the full Green's function could have been
inserted in place of 8(E —H) in Eq. (1). The analysis
which leads to Eq. (8) can still be carried out with the
result that 8(E —E ) is replaced by (1/E —E + ie).
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