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ABSTRACT

Corrections to the well-known statistical sum rule
that relates the summed transmission coefficients on the cne
hand- and 2“kap.NucL 'meuLNucl.

of the statistical decay properties of nuclear giant rescnances,

on the other, in the context

are discussed. These corrections arise both from pre—equilibrium
processes as well as from the giant resonance itself, It is
shown that the C.N, average width is reduced as a result of

these corrections.
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.2.

The theoretical description of the decay of nuclear

giant multipole resconances (GR) has been so far done with one

- of two extreme models. These models either assume the dominance

of the direct decay, exemplified by the GR escape width, Tt

L

or the predominance of the statistical decay mode ekemplified

by the Hauser-Feshbach decay width T {the decay width of

the statiscally equilibrated compcund nucleus)t). . Quite

H.F.

recently, however, attempts have been made to combine these two

modes of decay into a mixad dirvect-compound mode12)’3)'4).
Whereas in the work of Beene et al.z) and the
closely related paper of Dias et a1.3), the decay probability
. of the GR, PGR is written simply as
. D C ' ) ‘
PGR = Pop * Por {1}

with PD and PC

=R GR the direct and compound probabilities,

respectively, being completely independent of each other, the

work of Dias, Hussein, and Adhikari {DHA)4)

clearly identifies the
physical inter-relation between PD and PC through a mixing
parameter, p , which measures the degres of fragmentation of
the GR into the more complex compound-nucleus configurations.
The full implementation of the theorv developed in Rer. (4},
however, reguires first a qualitati&e assessment of the

relative importance of PD and PC. In particular, ?C ,

which when treated completely independently of PD, can be
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estimated usihg the statistical theory of nuclear reac.:ons,
has beéen given special attention in Refs. (2) and (3).

In the ahalysis of the decay of the giant quadrupole

208 C

resonance in Pb of Refs.(2) and (3}, the gquantity P was

required. Of particular interest was the life time {(or inverse
aﬁerage width} cf the compound nucleus, assuﬁed coupled to the

GOR. This width, was evaluated in Ref. (3} using the

fon.

following relation

1
r = ———— Tri{T} . {2)
c.N. 2T Pe N,

where is the density of states of the compound nucleus

Pe.nt
in the excitaticn energy region of the GR and T 1is the
transmission coefficient (matrix), represéntihg the optical
coupling between the open channels and the C.N..

In principle the use of Egq. (2) should supply a

reasonébly precise value of T . However the evaluation of

C.N.
Tr T, with T generated from optical model potential which fit

elastic scattering, as was done in Ref. (3), may be inconsistent.
The reason being that pre-equilibrium emission contribution,
changes the sum rule, Eg. (2) in such a way as to establish

-1

equality between and (211pC N } Tr T, with T now

Fe.m.
containing a pre-equilibrium piece.
The purpose of this short note is to discuss the

above point and give an ‘estimate of the error made in the

avaluation of T

coN (as done in Ref. (3}), when pre<equilibrium

emission is not taken into account in BEg. (2).
The correct sum rule which substitutes Eg. {2) was
&}

obtained several years ago by Husseinb) and McVoy and Tang .

It reads the following
Trr = E21r1‘npni (3)
o

where Fn = ﬁ/fp with Ts representing the life time of stage

n in the equilibration ssguence, Py the corresponding density
of states, and T is again the optical transmission coefficient.
Thus, for example, the compound nucleus width in the case of
just one pre¥equi1ibrium emi;éion stage {(2p-2h} is relaced to

Tr T according to

] I R, T —
oo 22 P [T 2% Lpan fap-2n 1 -
o} 3B -1
or r
. :F_T,__T”H_sz-_-zh&p_—zg]l _ .
N Pc.w. con. Jeun. ) J

The‘presence of the factor multiplying T should therefore

reduce the value of the extracted T

cou - This reduction could

be as large as 20% . Of course Bag. {4), as stands,

is not so useful since T

N appears on both sides. However 1t

can still be used, iteratively, to supply a mors precise TC N
than that extracted from Eg. (2).

A sezuond cerrection to Bg. {2) arises from the
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contfibﬁﬁion.éﬁ the GR itself, namely siace thg GR'is.coup1ed
to séverél finél-cﬁénnels as.wéll.és to the entraqce,ehannel
ﬁhé optical transmission coefficiénts, e.9., fer neutrons, v,
.pﬂ a, etc. should.be affected. The contribution of the GR can
be gsfimatéd through the use éf a Lorentzian form of that piece

of T connected with the GR. Upon averaging this Lorentzian

o . account, :
one gets4), again taking intoYonly the 2p-2h pre-equilibrium
.gontribution
o ot ' -1
o o 4o Papeon Tap-on 0 Ter Pg.w.
FCN ol T — Trq |1 + T P + 7 P
U C.N. C.N, C.N. C.N. “C,H.
(5)

‘where T is the escape width of the GR and

ar is about
1

. ; PG.R.
1 Mev . Thué, a further reduction in fhe value of FC.N.
'resuifs when thé GR is taken into account according to Eg. (5}.
In conclusion, we have discussed in this paper
seﬁeral_corréctions to the well known statistical sum rule that
relates the summed transmission coefficients on the one hand

and  2wls o Po y.

on the other, guite relevant in the study

of the statistical decay of Qiant resonances in nuclei. These
corrections arise both from pre-eguilibrium channels as well as
from the GR itself. The GR contributes, at most, to present
effect in the sum rule. However, the pre-equilibrium correction
' may be as large as 20%. Thus care must be taken when applying

the sum rule, Eq. (2}, to the giant resonance decay studies.
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