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Abstract A thecretical framework for the descrlp—
tion. of the detay of giant multipole resonances is
developed. Besidas the direct decay, both the pre-
equilibrium and statistical (compound) decays are
taken Into account in a consistent way. It is shown
that the statistical decay of the GR is not neces—
sarily correctly described by the Hauser-Feshbach
theory owing to the presence of a mixing parameter,
‘which measures the degree of fragmentation. Appli-
cations are made to several cases.

The study.of'the decay properties of giant multipole
resonances (GR). is of paramount importance for the un-
raveling  of their dynamical, microscopic structure. Since
giant resnnaucéé- are located at high excitation energies,
‘they main1y décay by particle emission. Treated as isolated
resbnances, 'thé GR are characterized by a total average
.widtﬁ composed of two pieces: the "escape width", F%, which
feﬁaresents the coupling of the GR to the continuum, and the
spreading width, F+, that measures the degree of fragmen-
tation of the strengh due to coupling to complex intrimsic
nuélear'configurations (e.g. 29-2h)1’2. 0f course, whereas
thé-first stége*of the reaction, namely the giant resonance
'population, is. a very coherent process, inr which l1-particle
1-hole configurations act in phase, the other, more compli-
cated stages, are complex encugh to call for a statistical

treatment.
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It has so far been 4 common practice to aualyze  the
partlcle spectra orlglnatlng from the decay of: GR w1‘b;onef

of two extreme models, which lgnore completely the Lnt

dlate, pre~eguilibrium stages3’4. These models elther as-
sume the dominance of F namely the GR. decays pr

nantly "directiy™, or the predomlnance of " T - Whl;h: M

H.F.
lies necessarily that the fragmentatlon of the reé'ﬁance

into the complex background 1sucqmplete. ‘In this légt Ease
the Hauser-Feshbach theory is utilized in the anaiysi#a._

Recently a coﬁbination of both decay mechaniéms " has
been suggested by éeene et al.s in their analysis of thé_
gamma decay of the giant éuadruyole resonance of 2%fpp,

These authors write for the gamma branching ratio P, the

following
Y Y
r
P=P +P =—-——FGR+<-—°> ()
d c + T :
r ¢

The notation in Eq. (1) is obvious. After making the - réa—
sonable approximation <FZ/TC> = <FZ>/<FC>, ‘Beene et al.
then proceed with the calculation of this term ﬁtili;ing
experimentally deduced neutron strength  functions from
resonance studies in the system n+°°’Pb. Their aim was the
estimation of the compound nucleus average width <Fc> since
<FI> is basically known.

A more convenient approach was adopted by Dias et

31.6 throught the identification

m <T > p_ ’,CE I, (2)

where gm is the neutron transmissiom coefficients, and Pe
is the compound nucleus density of states. The neutron

channel is certainly the dominant one at the excitation
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energy conSLdered,_namely E% = 11 MEV The result of the
a £ ReE. 6 is that T (E‘=11 Mev,2*)=8.5 keV.This

the value

der: of‘magmxtude larger than:

monopole resonances in 236U through the (y,f) reaction,also
exhxblt thlS feature at EY above the flSSlon threshold.

' The. above: flndlngs motivatedius to.develop a detailed
theory of th'zdecay of’ nuclear ”ant .resomances. Such a
' as: not completely 1ndependent due

ing paramgter Whlch measures the

degrees_o fragme tatlon of thef nto the’ complex com—~

poun _nucleus ‘background. Unltarlty as well as some basic
Ldeas-borrawed-from pre—equlllbrlum studles9 have been used

to-obtain, the magor result of our .theory namely the fol-

low1ng expre_u;pg.£9r~the energy averaged partial cross
sectlan. . E
- . + ﬂTg
Too = — (3)
ab: a- o G'_
] .ZC(T°4+ utc)

erm:; corresponds: to: the short-time~delay

;-cdmpgﬁég ‘ofithe:pracess; usyally called the "direct” con-

tribution, and. the second being the long-time-delay compo--
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nent, invariably called the "compound" contributien.  This
compound contriﬁu;ion is clearly different from the  usual
Hauser-Feshbach form, owing to the presence of the mixing
parameter U and ‘two kindé’of transmission coafficients; the
GR one, TG, and thé:genuiﬁe compound - one, <€, Dividing by
Tg, we obtain'the;éqqivalent to Eq. (1)

. : f§.+“uTS :
Po= P, pe—— (4)
d ‘-ME'{C-'+ s

z [ [«

Clearly the expression for ?c is more involved than the
simplelone used earlier for the analysis of the y-decay of
the in 2%%Ph,

A careful analysis employing Eq.(4), could furnish im-
portant information-about thelmixing parameter Y. As an
example we show in Fig. 1 an analysis performed on the neu~

tron decdy spectrum from the EC giant resonance in 2°8Pb41-

FIGURE 1. The histogram is E,,.(MeV)

the measured neutron decay 4509 1 2 3 4 5 5:
spectrum from the 208py X ! ! ! ! ! L
(Ref. 4), The two curves L El

shown by the full line

(p=1) and dashed line
(u=6.5) are the predicted ¢y 100
spectrum using equation 6
taking into account the 2
rvesolution of the experl— =2
ment (500 keV), Zach

the 141 neutron groups is (J
tepresented by a  gaussian
with FWHM=500 keV (see Ref,

4 for wore details). Both
spectra (U=1 and u=0.5) are . ok
normalized to the number of
neutrons in the 1nterval
between 3-4 MeV.
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Two values of u were- conSLderad, u~1 and” 1u=0.5: fhe direct.

piece of the decay was estimated u51ng the result of Kuch-
nir et al. 10 and de-Haro et zl. J; whereas the statistical
piecefwasrcalculateﬂ in accordance with Eq. (4) using for
TgItﬁéfﬂagsernFeéhbaéh.md&el. Clearly for p=t a renormali-
zation=uf tﬁexcilculation uf'Ref:.a has to be made in order
to: account for. the'.lndlrect" CN.  decay exemplified by

(pat)r - whose value was taken to be 2w Fb pG with pG“MeV %

It 18 obv1ous from the figure that the @MR in 29°Pb does
not“accomoda;e appreciable direct decay piece since the
. -morg.likelyfcéseﬂis Y=1, in complete agreement with the

conclugions:of Réf: 4. Analysis of cases which clearly
qdntéinsBpth'compoﬁhd}énd direct contributions are being

cariie&:nut;by~dutwgroup_USing~Eq. L3y

Before-eﬁdinggfwe-dwell a litrle on a possible
génerali?étibhlﬁffﬁq; (3} to imcorporate the contribution
ariging ffgm prefeguilibrium emission (e.g. from the 2p-2h
stage) . This is easily accomplished using the nested door-
‘wdy approach of Ref. 9, The important-new features are
that}the cross section is now composad of  three distinct
pieces, and the mizing parvameter U is d1v1ded into  three

‘terms. Namelyg 12

Pr G
Tb + u;Tﬁ

- G - G
G st (- 0 T
“abiab) 2 a P .

’ 2 CE;'(TEH + UITEH)

(5)

C G
¢t mT + Gun vy

o (ulu,+u iy —n- =
: E(Tc + uztc-'+.(u1ﬂ, + T

with.
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. ‘Tg
= (1=pg-p' )r -~
ET
c

G

In the above u; measures the mixing of GR with the 'Zp-Zh
states, which can be evaluated using the extended RPA. ap-
proach, 1, refers to the mixing of the 2p-2h with the com—
pound muclear states and U' refers to the mixing of thé €R
directly with the compound states, which may be set equal
to zers for all practical purposes. The transmission coef-
ficient related to the GR (1p-1h), the pfe;equiliﬁ:ium
stage (2p-2h) and the compound stage are called TG, Tpr:and
1, respectively. It is iﬁportant to note here that uni-
tarity is preserved both in Egs. (3) and (5) in the semse

that by summing over the final channels b, we obtain

5, = © (6
irrespective of the detailed nature of the decay.

Using our time-delay arguments again, we identify the
third term in Eq. (5) with the "compound" comtribution. The
calculation of this term is certainly not possible wiht the
Hauser-Feshbach model, 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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