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We discuss the connection between absorption,
averages and fluctuations in nuclear reactions.
The fluctuations in the entrance channel result
in the compound nucleus,Hauser-Feshbach,cross
section, the fluctuations in the intermediate
channels, result in modifications of multistep re-
action cross sections, while the fluctuations in the
final channel result in hybrid cross sections that
can be used to describe incoplete fusion reactions.
We discuss the latter in details.

In the theory of nuclear reactions, one relies on statis-
tical ideas to simplify their many-body nature. The first

step is to introduce average amplitudes. The second step
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is to devise a Schrodinger equation that supplies these am-
plitues ( the otical model). and the last step is the cal-
culation of the fluctuation cross section. Several methods
are available that supplies the derivation of this fluctua-
tion cross section. The concept of energy averages and/or
ensemble averages are used to obtain the Hauser-Feshbach
cross section and corrections to it. The ergodic theorem
is commonly employed to argue the equivalence of the two
averaging methods. As much as fluctuations arise when
one uses average amplitudes, the concept of ﬁuctuétions
can be generalized to multistep processes, where the in-
termediate channel green functions are replaced by their
averages. Similarly, if an exit doorway dominates the reac-
tion, such as the excitation of a giant resonance in one of
the nuclei participating in the reaction, or the coupling to
the continuum, conveniently discretized, the final channel
fluctuations set in resulting in an incomplete fusion cross

section In both these cases, the absorption and fluctuation




analysis is done on the wave exact entrance channel and
exit channel wave functions.

In multistep reactions, another important reaction oper-
ator comes into the picture. The many-body intermediate
channel Green’s function. Again,' one can decompose this
quantity into an optical piece and a fluctuation piece. The
ﬂuct\uation part can be calculated using the differenn op-
tical quantitites as they appear in the KKM optical back-
ground representation. One important addition to this pro-
cedure is the inclusion of other collective states which might
be excitated in the intermediate propagation of the system.
We have in mind the Brink-Axel mechanism. This has been
accomplished recently in the theoretical description of the
excitation of multiphonon states. It is important to extend
this new feature to multistep direct reactions in general.

In this talk I will discuss the incomplete fusion reaction
theory and the Brink-Axel effect in multistep reaction the-

ory. In both cases the Absorption- Fluctuation “theorem”




1s Invoked to get a practical closed theory of the reactions.

The wave function fluctuation can be written as

U = Voutical + ¥ fluctuation
where W tctuation can be related to the optical quanti-
ties contained in ¥ = ;... By construction the en-
ergy average of the latter wave function is 0. This then
results in an average cross section containing an optical
one ( calculated with DWBA or Coupled Channels The-
ory) and a fluctuation cross section calculated with opti-
cal transmission coefficients ( or matrices). If the wave
function refers to the final channel, then the resulting
cross section will contain a direct one plus a fluctuation
one which refers to the formation of a compound nucleué
in a subsystem ( if one has in mind a breakup process
ab+x)+B — b+ (x+ B) — b+ c+ C). The to-
tal formation cross section of the compound subsystem,
a(b+z)+ B — b+ (z+ B), is the incomplete fusion cross

section.




When dealing with multistep processes, the intermedi-
ate channel Green’s function, G; can be decomposed into
an optical plus a fluctuation pieces. The optical part con-
tains complex energies. The fluctuation one is a multistep
Green’s function itself. It is this latter which would, if the
conditions are met, contain the Brink-Axel effect.
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112 CARLSON ET AL.

factor of 2 to 3 smaller than the measured ones. A similar discrepancy, albeit some-
what smaller, is found for *®Pb. This problem is a fundamental issue encountered
in the double phonon excitation of complex Fermi systems.

Several effects that are not taken into account in the coupled-channel theory have
been considered as possible explanations of this discrepancy. As examples, we
mention the effect of anharmonicities [9, 107 and the quenching of the 1+ DGDR
state [11]. Here we will consider a new, potentially important mechanism, which
consists in the (one-phonon) Coulomb excitation of background states responsible
for the large spreading width of the one-phonon GDR, as suggested long ago by
Brink and Axel [12]. Due to the complicated background of intrinsic states, the
amplitude for this process varies rapidly wth energy and possesses an average close
to zero. Its contribution to the cross section can be sizable, however. In close
analogy to: this situation is the well-known case of nucleon-nucleus elastic scatter-
ing. There, the cross section is the sum of the slowly varying contribution of
average optical scattering and of the fluctuating contribution compound nucleus
formation and decay. In Fig.1 we show a schematic picture of the couplings
involved. "

We first sumarize our main result. The cross section for Coulomb excitation to
the DGDR energy region contains in fact two distinct components which peak at
~2Egpr. However, while the usual component Opepr has a width which may be
estimated as ~2I"Gpg, the fluctuating Brink—Axel component has a width which is
just ~I'gpr. As a result of this, the bump observed in the two-phonon region has
an effective width between these limits. The enhancement factor for the peak value
of the cross section will be given roughly by (1+ I'} /I'}), whereas the cross section

d —=— BA
d %_...._._ b
cold hot

FIG. 1. A schematic picture showing the coupling to the one “cold” phonon state (d), the two
“cold” phonon state, the fine structure states of d (b), and the one “hot” Brink-Axel (B-A) phonon
state. i ‘
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