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A reference set of transmission coefficients for 'H and *He reactions is obtained by systematic fits to data
for fusion cross sections. Comparisons to other sets, obtained from elastic scattering data, show some
significant differences. A comparison is made of calculated to measured. evaporation spectra for “He from
1%Hg (E* = 98 MeV, l;, = 45). There appears to be a significant reduction in the barrier to evaporation for

this excited nucleus.

NUCLEAR REACTIONS Fusion cross sections for 'H- and ‘He-induced reac-
tions are systematized to provide reference values for transmission coefficients.
Evaporation spectrum analysis made for ‘He from 194Hg (E*=98 MeV, o= 45).

I. INTRODUCTION

Through the years a reasonable body of quanti-
tative experimental data has appeared on capture'~®
and evaporation reactions®™* for 'H and *‘He. The
close relationship of emission processes to cap-
ture processes is embodied in the principle of de-
tailed balance on which nuclear evaporation theory
rests.’™' The rate of evaporation is expressed in
terms of level densities of emitting and residual
nuclei and the inverse reaction (or partial wave)
cross section. As these inverse (or capture)cross
sections cannot be measured for target nuclei in
excited states one usually begins an evaporation
analysis with estimates obtained from interactions
between ground-state nuclei.!®**” The sources of
data for these estimates are of two types: (a)
elastic scattering and (b) reaction cross sections.
From such data one obtains parameters for an
optical potential which are systematized in some
way for general application.

By its very nature an important part of nuclear
evaporation processes favors emission energies
near and even below the Coulomb barrier.’*” In
this energy region the capture cross sections and
transmission coefficients are rapidly varying
functions of energy and I. Therefore, the calibra-
tion of parameters of the model potential is quite
important.’® The purpose of this paper is to reex-
amine the logical and data bases for these calibra-
tions. Most commonly one has used optical-model
parameters obtained from comparisons to elastic
scattering data. In recent years it has been gen-
erally accepted that the elastic scattering is only
sensitive to the real potential at distances well be-
yond the s -wave barrier distance.®!%!° On the

contrary, fusion cross sections at low energy are
especially sensitive to the height of the s-wave
barrier and its penetrability.32°-?2 We propose
that calibrations of transmission coefficients for
capture processes should emphasize their direct
relationship to fusion cross sections. We have
searched the literature for relevant cross section
data and we propose simple parametrizations that
can be easily generalized.

II. LOGIC AND TECHNIQUES
A. General background

In recent studies, Vaz et al. have examined the
relationship between the optical model and cross
sections for elastic scattering, complete fusion,
and all reactive collisions.?°22 For the system
160 +2°8PD there is an abundance of high-quality
data for each of these processes.?®?* Even though
data of comparable extent are not available for H
or He induced reactions, we can probably expect
that many aspects are similar. What are the gen-
eral features that concern us most? (i) Optical-
model parametrizations that account for elastic
scattering at high energies usually do not work
well at low energies for either complete fusion or
elastic scattering.®'®2° (ii) Very good fits to
elastic scattering require an energy dependent
parametrization!®2%24¢ that requires a large data
base to establish. (iii) A more simple energy in-
dependent potential parametrization can account,
for cross sections for fusion, all reactions, and
for the quarter-point angles in elastic scatter-
ing.2°22 The systematics of these energy indepen-
dent parameters are much more easily established
than those based on elastic scattering alone.
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These observations have caused us to rethink the
logic and parametrization procedure for optical
potentials to be used in evaporation calculations.
Consider the equilibrium evaporation of a spinless
particle v from an emitting nucleus A to final nuc-
leus B*™":

A(EA,JA" ')"B(EB,JB"')+V(€|:’Z)- (1)

Energy and angular momentum conservation are
given by

EA=EB+SV+€V’ (2)
and
T, =J,+1. 3)

Excitation energies of A and B are denoted by E,
spins by J; kinetic energy, separation energy, and
orbital angular momentum of the v, B exit channel
are labeled by €,, S,, and I7z. The inverse partial
wave cross sections for B (excited to E, J;)in
Eq. (1) are given by

o,(€,) =(21 +1)7X2T ) (€,) 54y 5 4)

with their sum over I the cross section for forma-
tion of the A nucleus (excited to E,, J,) at equilib-
riums7

0€) =Y 0,(e) = 3 @+ (,). (5)
1=0

As we cannot, in general, measure cross sec-
tions involving excited nuclei, we must try to sys-
tematize those for ground-state nuclei which must
then be considered only as reference values. If
these reference values of T} (¢,) lead to a good de-
scription of measured evaporation spectra, then we
can conclude that the effective potentials for the ex-
cited nuclei are undistinguishable for the exit chan-
nels B(Ey, Jg - - - ) +v(l) and for our reference set.
As excitation energy E, and spin J are increased
one does expect nuclear deformations® or expan-
sions?®?7 to occur to some extent, and the detailed
form of the evaporation spectra may provide an
understanding of these effects,%1%17 ,

What is the most appropriate way to develop a
parametrization to describe the needed reference
set of transmission coefficients? Most commonly
in the past an optical potential parametrization
has been obtained from elastic scattering data,
often obtained at energies well above the barrier.
Parameters obtained at high energy have been
shown to be unsatisfactory at near-barrier ener-
gies.!'®2¢ Barnett and Lilley have made a careful
study of both scattering and reaction (or fusion)
cross sections at near-barrier energies.® They
show that potential parametrizations from scat-
tering data alone give a poor description of the

reaction data at low energies. This is partly due
to the different inherent sensitivities of reaction
and scattering cross sections!® (at fixed energy).
It could also be due to the presence of inelastic or
other soft reactive collisions that blur the bound-
ary between scattering and the fusing collisions
that we seek. Scattering data are of great value
in setting constraints on the complete optical po-
tential, but in general their power is focused on
distances beyond that where the fusion decision is
made.?®2! Therefore, the measured cross sec-
tions for complete fusion seem to us to be the best
source of data for construction of a reference set
of T, values.'*™"

There is, however, some ambiguity concerning
the definition of complete fusion. Typically for
heavy ion induced reactions one approximates the
fusion cross section as that for fission plus that
for forward-peaked residual nuclei.?® For H and
He induced reactions the evaporation residues have
so far only been measured via radiations from the
product nuclei. Products are then selected as
predominantly from the compound nucleus me-
chanisms. Fission is important for near-barrier
energies only for actinide targets,? and for U and
Np this is the dominant decay mode for the fused
compound nuclei.® %2

The major features of the excitation functions
for fusion are the rapid rise with energy near the
barrier followed by a tendency to level off at high-
er energies. For near-barrier energies, data
have been reported for fusion of *He with Co,!
Dy,? Pb,? Bi,** U,5 and Np,® and for 'H with Cd,’
La,” and U.® For energies comfortably above the
barrier a number of “total reaction cross sec-
tions” have been reported.’° For intermediate
and heavy nuclei (A > 27) these measurements can
be taken as a close upper limit to the complete
fusion cross section,?2%2! and thus can set limits
on the fusion radii.

B. Equations and parameters

Vaz et al. have discussed the relationships be-
tween reaction and fusion cross sections and the
optical potential.?°?2 They have also tested the
applicability of certain simple approximate calcu-
lations. For H and He induced reactions the range
of I values is rather small, and the Wong formula-
tion® can be taken as a good approximation. The
cross section (0 =0, for this study) is given in
terms of three parameters, E,, 7w,, and R,

o(E) = (R,?/2) (hw,/ E) In{1 +exp [2m(E — E,)/ 7w, ]}
(6)

These parameters are related to an inverted para-
bolic barrier for s waves as shown in Fig. 1. Var-
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FIG. 1. Schematic diagram of the parametrization used
for Hill-Wheeler transmission coefficients.

ious orientations with respect to a deformed?®® or
vibrating®? nucleus can be allowed for by consider-
ation of a spectrum of barrier heights from E, - A
to E,+4A. Equation (6) is derived by integrating
Eq. (5) with Hill-Wheeler transmission coeffi-
cients33:

T,(E) ={1 +exp [2n(E, - E)/mw,]}™, ("N
and the approximation that

E,=Vy(R,) +V,(R,) +72(1 +1)/2uR 2| (8)
with

R, =R, 9)
and

nw, =hw, . (10)

It is convenient for systemization to define the

parameters 7, and 7,
R,=7,A'*+R, (11)

and
E,=2,Z,*/R,=Z2,Z,¢*/(r,A®+R,) ,

where R, (in fm) is 1.44 for 'H and 2.53 for *He.3°
An empirical set of values of R, has been obtained
for total reaction cross sections at energies well
over the barrier where uncertainties in E, values
have little effect. These empirical values are tab-
ulated in Ref. 30 for 21 reactions induced by ‘He
and 36 reactions induced by 'H. An average value
of 1.42 fm was found for #,. In Refs. 20 and 22 we

(12)
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show this value of 7, for %0 +2°%Pb gives a slight
underestimate of the s -wave fusion radius. Sys-
tematics of fusion barriers for heavy ion reactions
with Z,Z, <500 also indicate somewhat larger val-
ues of 7, as given by the relationship??

7,=2.0337 - 0.241210g,,(Z,Z,) .

These results were based on empirical modifica-
tion of the proximity potential for gently curved
surfaces.?* As the o particle is so small, it may
not be appropriate to term its surface as gently
curved. Nevertheless, we use Eq. (13) as an up-
per limit to 7, and 1.42 fm as a lower limit. [Ac-
tually the difference is not very important because
7,2 enters Eq. (6) simply as a multiplier and not in
the exponent.] If we assume that the barrier dis-
tances R, are rather well constrained,?>3° then the
main task for us here is to systematize empirical
values of fusion barrier heights and their penetra-
bilities.
For near-barrier energies the other three pa-
rameters (v,, %w,, and A) control the position and
slope of the ¢urves as shown in Fig. 2. The roles
of A and 7w, are not easily distinguished and, in
fact, have been shown to change only slightly from
spherical to rather highly deformed targets.3®
Therefore, for this survey we set A=0 and obtain
fits with two free parameters, 7w, and 7, (or E,).
We find that the empirical values of 7w, are not
very different; hence, we take an average value of
7w, =3.8 MeV and fit the data again with only one
free parameter 7,. (The failure to observe large
increases in empirical values of 7Zw, for statically
deformed nuclei®® may indicate that deformation
enhances mainly the soft reactive collisions rather
than the fusing collisions.) Clearly a parabola can-
not realistically represent the shape of the nuclear
plus Coulomb potentials for E < E,. However, to

(13)
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FIG. 2. Effect of the parameters A, %w;, and 7, (or
E,) on the shape of o(E).
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the extent that Eq. (6) can provide a good empirical
fit to o(E) for low energies, we can infer that Eq.
(7) will provide good empirical values of the trans-
mission coefficients. Thus the values of 7Zw, should
be viewed as empirical tools rather than parame-
ters that actually describe the barrier curvatures.
This point is discussed further in the appendix.

ML RESULTS .

Fits to the steep parts of several excitation func-
tions are shown in Figs. 3-5. In each case mea-
surements were made for a limited number of re-
action products (see Table I) so the data should lag
below the total fusion cross section as energy in-
creases. As the values of R, have been fixed sep-
arately?®%° the effect of this incompleteness is not
serious. Calculations are also shown for the
“global” optical-model parametrization of Refs.

36 and 37. (Saxon-Woods parameters: for *He V
=50.2 MeV, 7, =7,=1.2+1.54°'3 a =a,=0.564
fm, W=12.3 MeV, 7,=1.3 fm; for 'H V' =53.3

—-0.55 E+27 (N-Z)/A ~0.42/A%"3, v =7,=1.25 fm,
a,=0.65 fm, W=13.5 MeV, a, =0.47 fm.) These
optical-model parameters give cross sections that
are close to the data for Co, but are less steep
than the data for Dy and Pb. These differences are
quite significant for the calculation of evaporation
spectra. (See Figs. 7 and 8 later.)

The fits in Figs. 3-5 are adequate even when ob-

r
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FIG. 3. Fits of Eq. (6) to data for the reactions indi-
cated with one free parameter — — — and two free
parameters . For comparison, calculations are
shown for one optical-model parametrization labeled
OM II (Ref. 36).
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TABLE I. Fusion cross sections and fitting parameters.

Fitting parameters 2

Energy span Reactions one free® two free®
Target (MeV in laboratory) included 7, (fm) 7, (fm) FKw,(MeV) Ref.
59co 8.0-18.7 (*He,n +p +) 1.75 1.75 3.8 1

162py 17.5-27 (*He,n + 2n + 3n) 1.54 1.59 3.0 2
208pp, 2 4 i

Pb 16-21 (*He,n) }
209p; 2 16-21 (4He, n + 21 + 3n) 1.57 1.52 4.5 3,4
233,238yy2 1525 (*He,f+n + 2n)
BINp 2 17.5-22 (4He, f +n + 2n) } 1.55 1.51 4.5 5,6
Higqa 2.1-10,1 (1H,n) 1.90 1.85 4.0 7
139392 4.5-10.3 (1H,n) 1.70 1.77 3.5 7
2336, 23875 2 4.5-13.5 (H,f + xn) 1.82 1.82 3.8 8

2These one and two parameter fits systematically overestimate the measured cross sec-
tions of less than 1 mb. For !*Hg this inadequacy is for energies below the range of interest
for evaporation calculations (see Figs. 8 and 9 and the Appendix).

b Fixed parameters were Fwy=3.8 MeV, A=0, and %,=1.42 fm or from Eq. (13) with no ap-

preciable difference.

¢ Fixed parameters were A=0 and 7, as in (b) above.

tained with only 7, as a free parameter (7w, set to
its average value and 7, taken from Refs. 22 or
30). Therefore, the effective barriers contained
in the value of 7, can be said to be the most im-
portant determinant of the reference parameter
set. The empirical values of 7, are given in
Table I for one and two parameter fits. These
values are somewhat different from those in Ref.
30 because we have set A=0. The values of 7, for
the one parameter fits can be represented by the
following equations

7, =2.452 —0.40810g,,Z,Z, fm for *He, (14)

v,=1.81 fm for 'H. (15)

For *He incident on targets between Co and Bi the
small deviations from Eq. (14) imply that the ef-
fective barriers can be estimated to +2%. For 'H
the data base is weaker, but perhaps = 15% is a
reasonable estimate of uncertainties in 7, values
for 'H from Eq. (15).

In Figs. 6 and 7 we show transmission coeffi-
cients obtained from these fits to fusion cross
sections compared to those from some of the glob-
al optical-model parametrizations. Several gener-
al observations can be made concerning the differ-
ences between the HW curves [Hill-Wheeler for-
mula, Eq. (7)] and those from OM I (Ref. 38) and
II (Refs. 36 and 37): (i) Invariably, the HW trans-
mission coefficients attain a value of 0.99 at lower
energy than do those from OM I or II. Transpar-
ency is inferred from optical-model fits to scat-
tering at high energies. Transparency is not an
explicit part of Eq. (6); nevertheless, its effects
on experimental data will clearly enter into the
parametrization, in particular at higher energies

in the values of R,. (ii) Invariably for higher I val-
ues the slopes of the HW curves are steeper than
those for OM II. Presumably this is due to the dif-
ferent radial dependencies for absorption. The HW
equation only gives absorption inside R,, and there
the absorption is complete. However, a Saxon-
Woods imaginary potential will give small but sig-
nificant absorptions at larger distances and some
transmission through the nuclear interior. The ex-
tent of this transmission at near-barrier energies
is very difficult to test experimentally. Ericson

€ (MeV)

FIG. 6. Transmission cqefficients T;(€) vs channel
energy € for the indicated reactions. Hill-Wheeler
parameters (HW) from Table I; optical-model param-
etrizations from OM I (Ref. 38), II (Refs. 36,37), III
(Ref. 46), IV (Ref. 47), A-3 (Ref. 48) (see the Appendix).
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€ (Mev)

FIG. 7. Same as for Fig. 6.

has emphasized that lower transparencies are ex-
pected for excited emitting nuclei compared to
ground-state nuclei due to a reduction of Pauli ex-
clusion effects.!” (iii) The s-wave barriers differ
in an unpredictable way for the HW and OM II
parameter sets. As the low / waves are very im-
portant for evaporation at low energies, particular
attention is needed here. We feel that elastic scat-
tering data are especially weak for probing the

" small transmission coefficients for low ! waves®'®
and are correspondingly weak for their paramet-
rization.

Now let us turn to the role of the transmission
coefficients in evaporation calculations. For a
test case we choose the compound nucleus '**Hg
excited to 98 MeV (Ref. 14) for which many cal-
culations have been made.3%3 Several results of
these calculations are as follows: (i) For this
system most emissions of ‘He and 'H occur in the
first decay step. (ii) Rather large variations in
the level-density parameters cause little or no
change in the calculated shapes of the evaporation
spectra at energies below the peak energy. (The
level-density parameters do, of course, affect the
spectral shape at high energies.) (iii) Very small
changes in the relative level-density parameters or
pairing energies for the daughter nuclei can alter
significantly the integrated cross section for 'H or
“He emission, without appreciable change in the
spectral shape. (iv) The shapes of the evaporation
spectra for ‘He or 'H at low energies (below the
peak) are almost exclusively dependent on the set
of transmission coefficients used.

With these points in mind let us compare in Fig.
8 the calculated spectra for *He and 'H from
1o¢yg*, Recall that the absolute magnitudes of ei-
ther calculated curve can be changed by the rela-
tive level densities. We simply want to compare
the shapes of the curves at energies below the
peak. For both 'H and “He the curves obtained
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FIG. 8. Calculated evaporation spectra, from Ref. 39,
for ‘He and 'H from ™Hg (E*=98 MeV, I ;=46). Each
calculated curve is arbitrarily normalized. Hill-
Wheeler parameters from Table I ; optical-model
parametrization used in Ref. 38 — — —; experimental
data for ‘He ee®; —.—.—for 1H.
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FIG. 9. (a) and (c) “He evaporation spectra calculated
with the parameters indicated. (b) and (d) Reaction
cross sections calculated with the same parameters.
Experimental data are from Refs. 3 and 14.
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from T, values from OM I (Ref. 38) are shifted to

lower energies than those from HW parameters in
this work. The corresponding transmission coef-

ficients are shown in Fig. 7 along with those from
OM I1.3%37 For *He the T,(¢) curves for both OM I
and II are less steep than the HW curve. Presum-
ably this is due to the radial extent of the absorp-
tive potential used.2® The HW set has been speci-

fically fit to the cross section data in Fig. 4 and is
therefore superior to OM II in this regard.

Even more interesting is the fact that the mea-
sured “He evaporation spectrum in Fig. 8 (Ref. 14)
is significantly richer in low energy particles than
that from either calculation. We conclude that the
effective Coulomb barriers for **Hg* (E* =98 MeV,
I .q¢ =45) are significantly lower than those for the
ground -state species. In Fig. 9 we reverse the
argument and alter the Coulomb barriers for
194He* in order to approach agreement with the
measured evaporation spectrum. This barrier re-
duction can be achieved either by direct lowering
of the mean barrier height (an increase in 7,) or
by broadening the spectrum of barriers (an in-
crease in A), Regardless of the combination of
such changes, the net effect is that a barrier re-
duction of about 2 MeV or ~ 10% is required with
respect to the reference set of T, values. This is
clearly shown by the comparisons to fusion cross
sections for “He +2°®Pb in Figs. 9(b) and 9(d). It is
interesting to compare these spectral shapes to
those measured in reactions induced by 100. MeV
electrons.*® The trend of peak energies from
Ref. 40 would give a peak of ~ 22 MeV for “He
from Hg; this value is very close to that of the
calculated curve in Fig. 8 for the reference set of
T, values we propose. The emission of *‘He has
also been studied in reactions of *He with Ta, Au,
and Pb.!° Extrapolation of these data to an Hg
compound system at initial excitation of 98 MeV
gives a peak energy of 20.6 +0.3 MeV. This value
is just between those reported from '?C and elec-
tron induced reactions.!®#% This trend seems to
point toward spin of the emitting system as the
cause for barrier reduction. Some additional in-
direct evidence for subbarrier “He emission has
recently been presented in the reactions S +Mg,
Al, (Ref. 41) and S+Ge.”? Some of the early work
also reported surprising amounts of subbarrier
H/He emission.>!! However, the evaporation cal-
culations then had many simplifications and it was
not clear that they provided an adequate reference
for comparison.

The liquid-drop model?® does predict increasing
nuclear deformations with increasing spin of the
emitting nucleus. It also predicts increasing fis-
sionability with increasing spin which would de-
plete the high-spin population available for *He

10°

103

FIG. 10. Same as for Fig. 6.

evaporation,3%3%14%4 We defer more discussion to
a more complete analysis of the nuclear evapora-
tion. '

In Figs. 10 and 11 we show T, curves for several
other systems that have already been used in nu-
clear evaporation calculations. The compound
nucleus ">Br has been studied experimentally by
Reedy et al.” and calculations have been made by
Gilat and Grover*® and by Lu.*® Lu has used trans-
mission coefficients designated as OM IIL* These
curves are steeper than our reference set for I =0
but less steep for higher I. The net difference for
calculated spectra is not easily predicted without
quantitative calculations. The compound nucleus
"Te has been studied by Galin ef al.'»*" The

——

HW 1, =1.80

oM @

€ (MeV)

FIG. 11. Same as for Fig. 6.
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transmission coefficients they used are labeled
OM IV.¥ For *He +''In it is clear that the HW
parameter set has significantly larger effective
barriers [T,(e) curves shifted to higher energies]
than the OM IV set used in the Galin analysis.* It
follows that this HW reference set of 7', values
will give many fewer low energy evaporated *He
particles than given by the Galin calculations.*
As the Galin analysis did fit the experimental data
we would expect a misfit for the HW set, similar
to that shown in Figs. 8 and 9 for '**Hg. This ex-
pectation should nevertheless be tested by direct
calculations.

IV. SUMMARY

It is reemphasized that fusion reactions are the
inverse of evaporative decay.'®*"” Hence, the view
is taken that transmission coefficients for evapo-
ration calculations are more appropriately related
to fusion cross sections than to elastic scattering.
From the available experimental data for fusion
we obtain a systematic set of effective barrier pa-
rameters for 'H and *He reactions. We propose
this parameter set only as a source of reference
values of transmission coefficients. Comparisons
of measured evaporation spectra to those calcu-
lated with these reference values of T, can give
insight into the changes in effective barriers be-
tween ground-state nuclei and excited nuclei.'”
Such a comparison for '**Hg (E* =98 MeV, I,
=45) implies a significant barrier reduction for
this excited nucleus.
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APPENDIX

Following the procedure of Refs. 20 and 22,
Delagrange, Vaz, and Alexander* have modified
the proximity potential to fit fusion and elastic
scattering cross sections for several systems in-
cluding *He +2°°Pb. They have used the optical-
model code A-THREE of Auerbach.*® The empiri-
cal s-wave barrier they obtain is ~0.25 MeV lower
than that obtained from the fit by Eq. (6). For
E .~ 17 MeV their fit is only slightly better than

that from Eq. (6), but for o, <1 mbor E <17
MeV their calculated excitation function for fusion
becomes noticably steeper. This is due to the
significantly greater thickness of the nuclear plus
Coulomb potential compared to the parabolic sim-
unlation. In addition, and for the same reason, the
shapes of the T, (¢) curves from this model are
slightly steeper than those from Eq. (7) (shown in
Fig. 6).

What would be the result of these differences for
evaporation calculations as shown, for example,
in Figs. 8 and 9? For evaporation essentially un-
constrained by angular momentum [as for this
case of 1**Hg (Refs. 38 and 39)], only the inverse
cross section for all partial waves is important.
For “He +?**Pb we have said that the fits to o, are
equivalent for E > 17 MeV. For '92Hg presumably
this equivalency would hold to (78/82) 17 MeV or
to~ 16 MeV. In Fig. 8 we see that at ~ 16 MeV the
calculated *He evaporation spectrum would be re-
duced to <0.01 of the peak value. Hence, for this
case the difference should be negligible.

What would be the effect on the calculated [ dis-
tribution for the evaporated *He? The more real-
istic potential is more difficult to penetrate than is
the parabola, and therefore gives steeper curves
for T, (¢). (Compared to the parabolic simulation
these curves cross for I =0 at T,_,~0.03 and for
=10 at T,_,,~ 0.006.) Hence, the I distribution
for evaporated *He will be driven closer to the
sharp-cutoff distribution. This is exactly the op-
posite to the curves shown in Fig. 7 for OM I and
I compared to the HW curve from Eq. (7). Pre-
sumably this is due to a stronger imaginary poten-
tial in the surface for OM I and II. This is a very
common result for two and four parameter optical-
model fits to elastic scattering alone. The thrust
of this paper is that the most reasonable calibra-
tion of the inverse cross sections is that which is
derived from fusion cross sections. Furthermore,
even the simple Hill-Wheeler formula [Eq. (1] can
give empirical fits to these fusion excitation func-
tions over the energy region of most interest for
evaporation calculations. More realistic poten-
tials, ¢f properly parametrized, may provide a
more satisfactory ! distribution for the evaporated
particles which could be important near the yrast
line. However, it may well be that most high-spin
compound nuclei are so heavily deformed that the
estimation of these shape changes is more impor -
tant than refinement of the form of the angle-inde-
pendent potential for ground-state nuclei. Figures
T7-11 make this point more clear.
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