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Many models have been proposed for explaining the preequilibrium spectra in nuclear
reactions. FPeshbach et.al. [ 1] (FKK) have distinguished between the statistical multistep
compound emission ( SMCE) mechanism and the multistep direct reaction mechanism. This
paper deals with the SMCE mechanism only. Bonetti etal. [ 2 ] have pointed out some of
the drawbacks in the FKK calculations and have made some improvements. However, the
exction state density for a single type of fermion was used in both calcutions (no distinc-
tion was made between proton and neutrons). Some authors have done calculations using
the exciton state density in which protons and neutrons are distinguished. But these involve
complicated numerical calculations. Akkermans et al. have proposed a renormalized exciton
state density such that the summed state density is that for a two component fermi gas.
We have evaluated the preequilibrium spectra using this renormalized state density and
have dincussed the advantages of using it.

The master equation, which describes the balance of population of each exciton state, is
written in terms of the exciton state densities and the escape and spreading widths [ 3 1.
Tor the exction state densities for a n-exciton state ( p particles and h holes) at excitation

energy E and angular momentum J we have used the expression,

R

p (EJn) = f oh

(E) R, (J) 1

In eq. (1) Rn (J) describes the J-distribution of the level density [ 1]. And plsh (BE) is the

renormalised level density [ 4] given by,

R o,y _ W

(E) F (B 2

where plgh (E) is the usual particle hole level density given by Williams, and F (E) =
(3gE/2) " is the renormalization factor given in terms of the single particle level densi-
ty g.

The escape and spreading widths were calculated using a J-function type residual interac—
tion. The bound and continum radial wave functions, apppearing in the radial integral for
bound to bound and to continuum transitions, were obtained by solving the Woods-Saxon
potential and the optical potential with the parameters given in Bohr and Mottelson and
the Becchetti Greenlees parameters respectively. In the case of radial integrals for bound to
continuum transitions | I | ? the outgoing particle angular momentum j upto ten was cons
idered. Calculations were done for “Ca (n,p), ®Y (p,n) and *™Pb (n,p) reactions at E.=
14.5 Mev, E,= 14.8 Mev and E.= 18,0 Mev respectively. The mean square of the radial inte-

gral | I; |? divided by the corresponding transmission coefficient T; was caculated in differ-



ent energy ranges irrespective of the angular momentum of the outgoing particle. There
was no drastic variation in the mean in the different energy ranges for each mode (n-n,
nt 2). So the average was found for each of the three modes and the radial integral was
replaced by this average value.

In the same way the mean of the radial integral for bound to bound transitions was found.
However, this average was found to be independent of the mode (n—>n= 2 ), but the value
was about 4 — 5 times smaller than that predicted by FKK [ 1].

The strength of the residual interaction was fixed to fit the compound nucleus formation
crossection obtained from the optical potential. The value of the two body residual interac-
tion strength was in agreement with that obtained from other shell model coniderations
(8l

In the calculation of the spreading widths the correction factor C* was required to fit the
experimental spectra. Both the escape and spreading widths had a weak angular momen-
tum dependence only. The escape width drops with increasing exciton number. The spread-
ing width also decreases initially with the exciton number but again increases with increas-
ing exciton number. This is due to the inclusion of the exciton number decreasing process
also in the spreading, width.

The master equation was solved using these widths and there was no necessity of introduc-
ing ' stage where equilibrium sets in. The distribution function P ( EJn) was almost inde-
pendent of J,fig. 1. This implies that the master equation needs to be solved for one J-
value only which amounts to a great simplification.

The spectra for the reaction *Y (p,n) at E,=14.8 Mev is shown in fig. 2. The agreement
with experimental data is quite good. The dotted line shows the equilibrium contribution.
In short, realistic wave functions have been used for calculating the radial integral. Fur-
ther the renormalized level density has been used to evaluate the escape and spreading
widths. The distribution probability was found to be almost independent of J. Thus the
calculations become simpler. The value of C', which is the only parameter in the present
calculations, may be reduced by using experimental values for the single particle level den-

sity instead of the approximation g= A 13 used here.
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BT BREERG EHARRIENH 5 C LR ECHALN TV A0, ZOhORIVAH K
BIOVTREAERSHESEDONTWS, Lhl, ERT -5 2HER/N T A -5 %
BoTHRT2E0IHEL, b EEANREHANILE, OHREL THBEEZE LS T
DOROHHHED, FOBIRRKEUF v v 70Hb. CNEEDLDIELIOMBIDHRIDHE
HITH5o

BRGRET » BFERC L > TREARAE AR T A VE - BIICATR SN TETT 503, B
FHRAEIC T BRNICRIF 2SI S0 2 ODSEI B TH 5o BT~ FEHROTIER M
EOEHEOFEE, BFPMOMTEEET S Lk k > THEEREIC R SN 3177 ER o
SHE D B & FRIEEARERIC L > TEELYHEETH 5. BRBEUPDATRINENT A =¥
— & Lhs, COmXTRFEHBEME U TH Saxon - Woods IO RF Y ¥ » WICST 550D % H
WV, RS 0 MO bOERAVT, W oI DHEEIT-T, ThLD B
REHSERBIREEER > T3 %2R LT,

FIEREORBEABEC 3B SR E LTEAS Y, Tho0BOMEK R EBROIT
FIBEFRE, WTFH—ZEAKEEE L EEENSLETH S, BEIRINE TREMARXHH
WoNTH, THIRBBBEMA .o 2EOMENTERED, KRBT — 5 oRD SN BAEEIC
BHILIKHEE L bOBBV LN,

BEicAESBORFEERICANT, BOHEZIT- T, BERAFENCANT, ThifEs,
FEBT -4 LHB U ToBRINE TRICBIBREESTE» SB O SO BRES5 ~10
NS LREWRBEREEDEp - 0, SEOHETRHREIAE 21D, 5Ly b
> EWBI N, XIBOAESBIKFEEHIRZIILALERL, o TREBFEXLAEHELERIC
ANBOT, B EVIPOFTHIOELYICE > TNB T EBD -1,

BRH/NCINETRO SN TORBEEMBHE» S5 BT 5 EERT — 4 2HEM LB
ks &, WORKBOAEBBKREENSIEEAERVEVSFERAZBY, CNRTAET
HMoNTWID - HRAT, BEGOBEROFKBRRELBHEEEZLLEADL S, COTLRE
LU THEFED TS CLELSEOMBREN EEREETTILLEERLTVS. £ - T Gargi
Keeni IR D#HX 2, BEFETOHRXE L TEBLED 5,



