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abstract A theorsticsl framawork for the descrip—
tion of the decay of giant multipole resonances 1is
developed. Besides the direct decay, both the pre-
equilibrive mil =-atistical {compound) decays are
taken into account in a cousistent way. It is showm
that the statistical decay of the GR is not mneces-
sarily corvectly described by the Hasuser-Feshbach
theory owing to the presence of a mixing parameter,
vhich msasures the degree of fragmeantation. Appli-
cations are made to several cases.

The study of the decay properties of giant multipole
rescnances (GR) is of paramount importance for the un-
raveling of their dyosmical, wicroscopic structure. Siunce
giant rescnances are located at high excitation energies,
they mainly decav by particle emission. Treated as isolated
resooances, the GR are characterized by & ctotal average
width composed of two pieces: the "escape width", I", which
reprasents the coupling of the GR to the continuum, and the
spreading width, !‘*. that measures the d=agree of fragmen-
tation of the strengh due to coupling te complex intrimsic
mclear coufigurations (e.g. Zp-Zh)"z. Of course, vhereas
the first stage of the reaction, namely the giant resonance
populatiom, is a wvery cohereat proceas, in which l-particle
t-hole configurations act in phase, the other, wore compli-
cated stages, are complex emough to call for a statistical
traatasnt .
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It has 30 far heem a common practice to analyze the
particle spectra originating from the decay of GR with one
of two extreme models, which ignore completely the interme~
diate, pre-equilibrium stagel3". These models either as-~
sume the dominance of F?. namely the GR decays predomi-
nantly "dirsctly”, or the predominance of FH.F.' vhich im-
lies necessarily that the fragmentation of the resonance
into the complex background is complete. In this last case
tne Hauser-Fegshbach theory is utilized in the analysisd.

Recevtly a combination of both decay mechanisms has
been suggested by Beene et al.5 in their anslysis of the
gamma decay of the giant quadrupole resonance of 2°%Pb,
These authors write for the gamma branching ratio P, the
following

rY rY

ﬁ? . <= (1)
I ¢

Pa= Pd + Pc -

The notation in Eq. (1) is obvious. After making the rea-
sonable approximation <FIIFC> z <F:>I<Fc>. Beene et al.
then proceed with the calculation of this term utilizing
experimentally deduced neutron strength functions from
resonance studier in the system n+2'’Pb. Their aim was the
es*imation of the compound nucleus average width <Fc> since
<r:> is basically known.

A more convenient approach was adopced by Dias et
31.6 throught the identification

m<r>p E T, (2)

wvhere lh is the neutron transmission coefficients, and P
is the compound nucleus density of states. The neutron
channel is <sitainly the dominant one at the excitation
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energy considered, namely E* = 11 MeV. The rcsult of the
calculation of Ref. 6 is that [_(E%=11 ¥ev,2')58.5 keV.This
1s about an ordex of magaitude larger than the value
obtained by Beene et al.s

Irrespective to the different starting points of Beene
et al.s and Dias et al.a. their final comclusion comes out
basically the same, namely that the compound nucleus con-
tribution to P, namely Pc = <PI>I<PC> is quite appreciable
and corresponds roughly to about 40X. The above example is
but one of several showing the necessity of considering
beth direct and compound decay mechaaisms of the GR.In fact
another case studied recently by our 3roup7. namely the
fission decay probabilities of the giant quadrupole and
zonopole resonances in 2*°G through the (y,f) reaction,also
exhibit this feature at EY above the fission threshold.

The above findings wotivated us to develop a detailed
iheory of the decay of nuclear giant resonances. Such a
I:heory8 goes beyond the one underlying Eq. (1) in the sense
that we cake Pe and P. as not completely independent  due
to the presence of a mixing parameter which measures the
desrees of fragmentation of the GR into the complex com-
pound aucleus background. Unitarity as well as some basic
ideas borrowed from pre-equilibrium studies9 have been used
to cbtain .ae major result of our theory namely the fol

lowicg expression for the energy averaged partial CYO&S
section.
G
T, + Ut
= -G G b b
I = Tap * HT, 3)

- .. C G
‘-C(Tc + utc)
uhere the first term corresponds to the short-time-delay

componcat of the process, usually called the "direct" coun-
triburion, and the second being the long-time-delay compo~
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nent, invariably called the "compound" (.:tr bution. This
compound contributior is clearly different m the usual
Hauser-Feshbach form, owing to the presence of the mixing
parameter L and two kinds of transmission coefficients; the

GR one, TG. and the genuine compound one, Tc. Dividing by
ri. we obtain the equivalent to Eq. (1)

TC L u'tg

b
P - P re ——————— (l.)
d FETC + uTS

"~
-

Clearly the expression for Pc is wotre involved than the

simple one used earlier for the analysis of the y-decay of
the in ?°'pb.

A careful analysis employing Eq.(4), could furmish im~
portant information about the mixing parameter u. As an

example we show in Fig. ! an analysis perfurmed on the neu-

tron decay spectrum from the EO giant resonance in 2“Pba.

FIGURE !. The histogram is EJMGV)
the measured neutron decay 4500 1 2 35 4
spectrum from the *°%pb
(Ref. 4). The two curves
shown by the full line
(u=1) and dashed line
(u=0.5) are the predicted

: ; w
spectrtum using equation 6§

¥ L L] J

L Zunah S s 4

2

taking into account the
resolution of the experi-
ment (500 keV). Each of
the 141 neutron groups is
represented by a4 gaussian
with FWHM=500 keV (see Ref.
4 for more details). Both
spectra (u=1 and u=0.5) are 0
normalized to the nuwmber of ¢

S 4 3 2 ¢
ncutrons in the interval
betvesn 3-4 MeV. Ezl‘hﬂeal)

e —y
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Two values of L were considered, u=1 and u=0.5. The direct

piece of the decay was estimated using the result of Kuch-

nir et al..m and de Haro et al.’ , whereas the statistical

niece was calculated in accordance with Eq. (4) using for
E the Hauser-Feshbach madel. Clearly for u=1 a rencormali-
zation of the calculation of Ref. 4 has to be made in order

T

to account for the “indirect™ CN decay exemplified Dby
(u-l)‘(g. vhose value was taken to be 21 I‘g Pe with QGEMeV'.l
It is obvious from the figure that the @& ian 2°%Pb does
not accomodate appreciable direct decay piece since the
moxe likely case is u=1, in complete agreement with the
comclusions of Ref. 4. Anzlysis of cases which clearly
contain both compound and direct coatributions are being
carried out by our group using Eq. (3).

Before ending, wve dwell a little on a possible
generalization of Eq. (3) to incorpcrate the contribution
arising from pre-equilibrium emission (e.g. from the 2p-2h
stage). This is easily accomplished using the nested Jdoor-
vay approach of Ref. 9. The important new features are
that the croas section is now composed of three distinct
pie_es, and the mixing parameter U is divided iunto three

terms. Nnelyg'u.
g, =0 . +(1-, T e
h ab
4 4 (.‘;'(T:“ + UI{N)
(5)
C
c T * u,t:' + (U, + u‘)'rg

+ Gn+a'dc 3

N ‘I-Z(tg + T s G, ¢ u‘)tg)

with
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+G

G b
Jab - (t-u:-u‘)fg -:E
c

N

In the above Ji, msasures the mixing of GR with the 2p~2h
states, which can be evaluated using the extended RPA ap-
proach, u, refers to the mixing of the 2p-2h with the coum-
pound nuclear states and i' refers to the mixing of the GR
directly with the compound staies, which may be set equal
to :er§ for all practical purpuses. The transmission coef-
ficient related to the GR (1p-1h), the pre-equilibrium
stage (2p-2h) and the compound stage are called TG, TP: and
tc, respectively., It is important to note here that uni-
tarity is preserved both in Eqs. (3) and (5) in the sense
that by summing over the final channels b, we obtain

toab - Ta

6)
irrespective of the detailed nature of the decay.

Using our tiwe-delay arguments again, we identify the
third term in Eq. (5) with the "compound” contribution. The
calculation of this term is certsinly not possible wiht the
Hauser-Feshbach mwodel, as one has to differentiate among
the three types of transmission coefficients. We are
presently studying the feasibility of applying Eq. (5) for
data analysis.
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