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A complete statistical model analysis is presented for the 79Rb compound
nucleus formed by the ‘60 + 63(}u and 343 + use reactions on a broad excitation
energy interval, Most of all deexcitation channels are compared with the pre~
dictions of the codes ALICE and JULIAN. The results show that Y-ray competion

with particles emission in the deexcitation of the 79Rb compound nucleus is

very important. From these comparisoms,a detailed analysis 1s performed on the

approximations made in both evaporation codes.

=
Nuclear reactions 53cu(lso,)l), 348(“5(:,)() at En (79?.1:) = 40-80 MeV ; cmn-]
plete statistical model analysis cf c(lGO,X) and a("'S,x).

INTRODUCTION

The statistical evaporation t:heox:yl of the compound nueleus has been
extended to heavy ions reactions by on one hand the introduction of the augular
2,3

momentum dependence of the deexcitation mode of the ecompound nucleus and,

on the other hand, by the fission channel competition with particles emission

in the decay mode of the coumpound nucleusl' 16 .

To allow comparison between experiment and theory, several evaporation
statistical code55 -8 have been developed in the past few years, and each of
them has different options and assumptions in the manner that calculatious are
performed. At sufficiently high excitation energy and at large angular wementum,

the deexcitation follows different evapovation cascades, involving a large
number of nuclei, until a final nucleus is reached. In & complete calculation,
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the decay of each of these intermediate nuclei has to be taken into account.
As this process is very complex, the statistical codes have been built witch
varied apprarimations with respect to the statistical theory of the compound
nucleus deexcitation.

Many experimental r:em.lltsa -3 on the cross sections of the deexcita-
tion channels have been compared to different evaporation codess_ 8 » but no
detailed caleulations including all available experimental results have been
reported yet, although a systematic study has been made by Gavron12 with the
code JULIAN. Calculations were thus performed with the evaporation codes ALICE

and .'I'l!LIAN7 and the respective predictions have been compared with experiment-

5

al results for almost all deexcitation channels of the 79Rb compound nucleus
formed by the 'S + 63 34g
attempts are made to shed some light om the assumptions of these statistical

Cu and + 455: reactions. From these comparisons,

codes.

Absolute cross sections have been determined in experiments vhich were

9,14 « In this study, we concentrate on the caomparison
!60 + 63(211 system and the pre-

described previously
between the experimental cross sectioms of the
dictions of the code JULIAN (the comparison with the predictiens of the code
ALICE has already been repor:edg)while for the 343 + “Sc entrance channel,
comparison is made with predictions of both the ALICE and JULIAN codes. The
choice of these evaporation codes was due, firstly because they are now cor—
rectly running at Orsay and also, because they represent two rather different
caleulations, the former being a very approximate analytical code while the

latter is a more rigourous Monte-Carlo one.

CALCULATIONS AND RESULTS

I - THE ALICE CODE
I~1. Method of calculation

The analytical statistical code ALICE running iu Orsay is the OVERLAID

ALICE version of Blann 5'. Amongst the entvance parameters the choice of tha

radius r and the Jevel demsity parameter "a" is very important. Indeed, the

total reaction cress section is calculated in the parabolic model approxima-

16

tion and the T, parameter fixes the position of rthe imteraction barrier,



S0, in order to obtain agreement with the experimental reaction threshald in
160 + 63

tem9 . However, if we take this same ro-value for the 345 + QSSc, neither is

the entrance chanrnel, r, was adjusted at 1,17 fermi for the Cu sys=
the entrance channel experimental threshold correctly reproduced, nor the
energy thresholds of the exit channels. To obtain agreement with the experi-
mental thresholds, T, was adjusted atAI,26 fermi for the 343 compound nucleus
induced reaction.

The level density parareter "a" was taken constant for a fix mass A,
whatever the particle emitted. Two trials of calculations wer: performed :
with a = A/8 and a = A/6, the former value corresponding to a medium level
density parameter valual7 , while the latter corresponds to the expected

value17 for A v 80.

The binding energies of the emitted particles werea calculated from the
subroutine Lymass15 and it includes shell and pairing corrections. It was alsc
considered that when n, p, d and «a-particles were emitted by the compound
nucleus, they w.ould take away 2h, 3h, 5h and 10k respectively. Fission compe-—

tition was included in the calculations for every partial wave.

With respect to the formal statistical compound nucleus deexcitation
theory1 -3 , the main approximations of the evaporation code ALICE are the

following ones :

1) To obtain level densities in the statistical model, it is necessary to cal-
culate effective excitation energies ET In the case of particle emission, this
excitation energy is that of the residual nucleus after particle evaporationi.
Once this effective excitation emergy is determined, the level densities can

be obtained, for example, following Lang's]7 prescription @

* * *
p(E,J) = w(E,M=J) - w(E,M=J+1) , m
where
WEM =k expl2latE - § - wh2h] ) x 42 TIYIR @

. . .
is the dcnsity of states at the effective energy E, and is applied whenever

high spins are involved, For small spins and high excitatiou energies the

18,19 .

conventional form is used. In the above expression, k is a constant,



§ the pairing energy, gis the moment of inertia, a is the level density para-

meter, and T is the nuclear temperature, related ta the excitation energy by :

2
E*=a-r’-3/2-r+1i%'— . 3

In ALICE calculationsls , the level denmsities is determined by the ap-

proximate relation :
P = (- mp ) exp L2la(E B Y, @

vhich supposes that the rotaticnal energy BROT’ calculated for each partial
wave assuming the rigid rotor model, is irrevocably committed to rotational
motion and thereicre unavailable for particle emission. Thus, the code ALICE
works only on excitetion energies and the fact of neglecting the angular mo-
mentum in the ealculations of the level densities cam, in consequenca, predict
urreliable wrong particles emission probabilities, as these probabilities are
cl‘ctsely related to the level density p(E,J) in the statistical modell -3 (See
below). .

2) The emission probability of a particle v from a compound nucleus to a resi-

dual one as energy ER and spin JR is given, in the statistical model -5,6 .
by :
*
1 P(ER,JR)
R(EJER,R)-h— E'r(e) » ()

—RR
p(E, T} S& %

vhere S is the channel spin in the eut channel (S = JR + S ) and £, rhe angu~
lar momentvm of emitted particle (J 2 + S) Tl(e ) are the transmission coef-
ficients in the exit‘charnel and p(ER,JR) and p(E,J) thé level densities of the
residual nucleus and the compound nucleus, respectively.

In the code ALICE, the relation (5) is remplaced by the nearly identical

one 3

w(e)de = (28+1) u ¢ Uinv“) g— de (6)

where a].nv(e) is the inverse cross section and U is the reduced mase of the



emitted particle and residual nucleus system. uinv(e) ie calculated for an
energy renge 1 € € 5 48 MeV, regardeless the emitted particle, and integrated
for all partial waves in the range 1li¢ 2 € i7 h for protons and neutrons,
and thg L < 30 h for a—particles. Thus, the emission probabilities calcula—
ted by the code ALICE, besides the rough approximation in the determination of
the level densities discussed above, are certainiy tainted with some discre-
pancies due to the angular momentum independence in the determiuation of

ainv(s) on the emission probabilities calculations.

3) Besides the particles poration from a pound nucleus, the statistical
theoryl provides Y-ray decay chamnnel through the emission probability
*
.t 1+ PCpeTg) e
K'(E,J,ER,JR) = s z ELCY P 6)
p(E,J) L

where L is the mltipolarity of the tramsition and €Lis an appropriate norma—

lization constant, which should be derived from experiments. However, in ALICE
calculations the y-decay channel is completely neglected, which is in desagree-
ment with respect to some calculal:ians6 »20 ,21 , where Y-decay were included.
These calculations show that y-tay emissions are very important decay—channels

for compound nucleus formed in the vieinity of the Yrast linc.

So, the emission probabilities as calculated by the ccde ALICE are cer—
tainly subjected to large uncertainties with respect to the correct statistic-
al model emission pl:t:bab:i.l:i.t:iesl -3 , due respectively to the rough approxima-
tions made in the level densities p(E,J), in the inverse cross sections c:i.nv(E)

and, to the neglect of the y-decay channel.

I-2. Comparison with experimental results

A:160+63(.'u:

With the purpose of clarifying the comparison between statistical code
predictions and experimenis, a short résumé is given bellow for the lsIIJ + “Cu

resultsg and predictions of the code ALXCE :

1) For almost all measurad evaporation channels the code ALLCE correctly pre-

dicts the shapes and magnitude of the maxirium cross section for these channcls



when calculations are performed taking the whole angular momentum distribution
of the entrance channels inte account., That is setting the cross section for

compound nucleus formation egual to the total reaction cross section : Oen™ R°

2) However, while predicting correct cross section for many-particles evapora~
tion chamnels (Fig.1), the agreement yn'.th experimental results worsens with

increasing incident emerpgy for few-nucleon deexcitation chamnels (Fig. 1).

3) In order to obtain agreement between predictions and experiments for these
channels, a critical angular momentum emergy dependent parameter I'cr was
introduced in the calculations and the results show that these few-nucleons
evaporation channels are very sensitive to this eritical angular momentum va-
lue used in the calculations (Fig 1), while many-particle channels are iusen-

sitive to it.

However, in the light of the above~discussed emission probabilities
calculated by the code ALICE, this l assumption validity is highly question-
able, This quesl::.on will be d;scussed latter, in connection with the experi-

mental 345 + "551: data analysis.

The complete calculations for the 348—induced'reaction was performed

with the same set of parameter values than for the + 63011 system9 , expect
for the interaction barrier r o -Parameter (see above). The detailed cowparison
(Figs. 2-5) between experimental excitation functions for the 345 + 453: sys=

tem and the predictions of the code ALICE give the following results :

1) Calculations performed with the level demsicy parameter a = A/8 give pre-
dictions in better overall agreement with experimental results than the a=A4/6
ones. This is illustrated in Figs. 2 and 5, where predictions from the two
calculations are compared to two rather differemt evaporation chamnela. The
agreament between calculared and experimantal thresholds, as for the maxima
of these excitations fonctions, is worse for a = A/6. This is almost a general
feature for :he other experimental escitation functions. The same behavicur is
found for the 63Cu r:e:mt::.cnns9 , the a = A/8 calenlations giving close

agreement with the experimental results.



2) When calculations are performed setting Sy = % (sce above) the rising
excitation functions parts are correctly reproduced for all deexcitation
channels. However, the agreement with experimental results worsens with in-
ercasing excitation energy of the compound nucleus, principally for the 2 and 3
nucleons (Fig. 2) and 2 and 3 o—emission channels (Fig. 5). In the first case,
the code ALICE overestimates the nucleon emission probability considerably, as

it does also in the ! 0+ 636\1 case for the same evaporation channels” .

From this results, one would conclude that some critical angular momentnm
£, parameter must Le introduced in the calculatioms, in order to limit the
formation of the C.N. to f-waves smaller than lcr « Indeed, complete calcula-

tions performed with the same set of lcr-values as the one determined before9

from the I60 + 636!.1 case (Fig. | and Table I) give good predictions for these

nucleon evaporation channels (Figs. 2-5). Nevercheless, the 2 and 3 a~particles
deexciration channels are not sensitive to the lcr parameter (because, in fact,
these many~particles channels have large emission probabilities for low £~part-

ial weves™® ).

Thus, the statistical evaporation code ALICE cannot reproduce correctly

‘348 + aSSc system, unless a sup-

the experimental deexcitation chanmnels for the
plementary assumption is introduced in the calculations, as for example, pre-
equilibrium u—emissionslo. However, the validity of this preequilibrium ALICE
model dependent assumptions is seriously questionable. On one hand, because che
experimental l:esult:s23 » 24 concerning this preequilibrium process have been och~
served only for light ions (C, N, O and F) and at much higher incident encrgies
(E/A ~ 6 MeV) than the Ms-ones. On the other hand, because the desagreement
between predictions and experimental results may be due to the shorccomings of
the ALICE calculation.

As it was discussed before, if a compound nucleus is formed in the viei-
nity of the Yrast 1lime, the y~ray emission is predominant in this region"‘ .
Nevertheless, if rthe Y-ray deexcitation channel ia not taken in account, nutleon
emission will certainly take place in this region and, consequently, the cor-
responding cmission probabilities will be overestimated with respect to the
exact statistical calculations. Morcover, the a-particlea emission will corres-
pondingly be strongly hindered in this region and their cross sections will be

31.s PR

undercstimated. This seems to be the case for the Sc analysis using



the code ALICE.

Thus, more sophisticated statistical calculations includingy-ray emis-
sions must be performed in order to test the above-discussed ALICE-model inde—
pendent entrance channel critical angular momentum for the 79Rb compound
nucleus, as well as the preequilibrium assumptions in the 31'8 + 455:: system.

II - THE CODE JULIAN
IT-1. Method of calculations

Calculations were performed with the Monte-Carlo statistical code

JIJI.I.AN7 »12. s which follows the correct procedure for angular momentum coupling

at each stage of deexcitation.

The compound nucleus can deexcite by particle (n, p, ) or/and y-ray

12 s who has taken

emissions, Fission competition was introduced by A, GAVRON
the same subroutine of the code ALICE. For any specific bombarding energy, the
cross section for the compound nucleus formation may be caleculated either by
an optical model calculation or giver as éompound nucleus spin distribucion

*
G (E).

The transmission coefficients for light particles are calculated by the
subroutine ABACUS II, using optical model potentials from Ref. 25 (the same as
in the code ALICE), whose values are very close of the PEREY systematics .

7 , the trans-

Yet, two optioms cam be chosen in the program : in the first ome
miseion coefficients are calculated at each step for every emitted particle.

In the second onel2 » they are obtained during the first step of deexcitation
and extrapolacions are made for the svbsequent stages of deexcitation from the

initial ones.

The calculatiouns were performed for 500 deexcitalion cascades (eveuts).
The particles emission probabilities are caleulated by Eq.(5), the y-ray emis~
gion by Eq. (6). The normalization constants El. were determined from Ref. 28
and were chosen as 0,1 Weisskopf units for El and Hz and 50 for E2 tranait-

ions.



2‘l‘he binding energies of the emitced particles are those of the Wapstra
tables?’ « The level densities are calculated with the Lang formula
1-2).

(Egs.
For caleculations performed with the Gavron approximation 2 , the level
density P(EYT) used in these calculations above E*v 5 Mev is given by :

B(E,D) = po(W) (2341 exp {2 [aCU - Eggr 1'%}

[©))
. .
where ¥ =E-P, P is the pairing energy and pa(ll) is taken from Gilbert
Cameron forl!nal:‘.smez9 H
Vi exp(2 val) 1
P (U) = — —ﬁﬁ— (8)
o m &M am e
G being the spin cut-off :
o? = \ymz . ©

For the sake of simplicity, this latter calculations will be named JULIAN 2
and JULIAN 1 for the former onme.

The level density parameter "a" was taken, whatever the oprion, from
the Gilbert Cameron29 expression @

a/A = 0,00817 § + K (V')

8)

In the above relatiom, 8 = SN + SP is the shell correctien for protons

and neutrons, tsken from Ref.29, K is a parameter representing the shape of the
nuclei : the average vall.ue29

K = 0,131 was chosen in the calculations (nu—
clei slightly deforwed).

When calculations are performed with compound nucleus cross section
being calculated by the code JULIAN, the cross secctions for the deexcitation
channels are systemetically underestimated by the ealeulations for both
]60 + 63(.‘.u aad 345 + 455:: systems. This is due to the fact that the compound
nucleus cross sections caleulated by the optical model subroutine are smaller




6 45

than the experimental results for both ! 0+ S+
(Fig.6). So, in order to avoid this underestimation of the compound nucleus

63 34

Cu and Sc reactions
cross sections, the compound nucleus spin distribution calculated by the code
ALICE was given as input for JULIAN celculations. Indeed, ‘although the exit
chaanels is not correctly reproduced by the code ALICE, the experimental com-
pleta fusion cross section is in close agreement with the predictions of this

code (Fig. 6).

II-2. Comparison with experimental results

A l60 + 63(:u
. s e s 16, 63
The comparison between predictions and experiments for the 0 + Cu
system js shown in the Figs. 7-10 for both calculations perfo1'med7 112 . as

reen in these figures, a better overall agreement is found with the JULIAN |
calculations. Indeed, although JULIAN 2 gives better agreement for the pn—
channel, the predicted cross sections for all others channels are shifted to
lover couwpound nucleus excitation emergies with respect tc the experimental
ones. Yet, the maxima of the cross section for almost all channels are not
reproduced by Gavron's calculations. The dizagreement is partially due to the
Gilbert-Cameron level density relation used in these calculations. Indeed,
numerical calculntions:” bhave shown that predictions of the Gilbect-Careron
relation overestimate the level density for high angular ‘momentum. But, rather
than only blaming tb: Gilbert=Cameron level density predictions, the approxi-—
mation in the transmission coefficients could also be questioned. On the other
hand, the calculations performed with JULIAN 1 give a very good agreement with

the '60 + 63Cu experimental results.

But the most important feature concerning the predictious of the code
JULIAN is that no critical angular monentum assumption is need to obtain agree-
ment with the experimental results for the 79Rb compourd nucleus deexeitation
channels formed in the l6l) + 630u reaction, at least for almost all exit chan~
nels (Figs. 7-10). Indeed, JULIAN ! calculations overestimate the pxn-chanrels
almost systematically, while the 3pu~one is correspondingly underestimated.
However, before searc:ing critical angular momentum effects in these channels,
it must be reminded that the calculations are very sensitive to the y-ray ror—

malization constants EL and tha values taken in the calculations are those




extracted from low-lying single states at low excitatiom enetgie528 » 8o they
are subject to large unccrrainties when applied to high excitation emergy and
high spins. On the other hand, the predictions of the code JULIAN are gsubject
to statistical uncertainties duc to the Monte-Carlo statistical procedutea

of this evaporation code, S0, smaller a predicted cross section is, greater
will be its statistical incertitude, and to overcome this restriction, a mean
value has to be taken over a lot of identical calculations performed for each
energy. However, it is noted that the treatment of 79Rb at, for example, 68 MaV
excitation energy with a spin distribution reaching 51 b in the entrance chan-

nel took 35 min with a UNIVAG 1119 computer.

Thus, the minor diffcrences observed between JULYAN 1 predictions and
experimental results for the 160 + 63Cu system are most probably caused by the
above—discussed factors and very probably the introduction of a critical angu-
lar momentum should be unecessary. Hence, this result shows the importance of
taking into account the y~ray deexcitation thannels in the staristical model
calculations, besides more exact relations for the level demsities and emission
probabilitiea.

B: 343 + I‘SSc

The results concerning the 348 + 458: reaction are shown in Figs. 11-13 ! .
where predictions and experimental results are shown as a' function of the 79Rb
compound nucleus excitation energy. For this system, only the exact calculaticns
of the code JULIAN (JULIAN 1) was performed, Yet, the caiculations were per-
formed with the same set of parameter values as for the O + 30\1 systen (see
above), while the compound nucleus entrance channel spin distribution Oy » was

taken frow the code ALICE,

A very good agreement is found between predictions and experimental re-
sults for this system. As already observed, and discussed, the code overesti~
mates slightly the pxn-channel in the same way as in 160 + 63cu system, but
no critical angular momentum parameter is nceded to obtain agrecment for the
few-nucleon evaporation channels. Thus, as found in the above analysis of the
160 + 63Cu system, nearly ail! nartial f-waves in the entrance channel go on
the compound nucleus cross scccion, a result that was already found in direct

coumparison of identical deexvitatiou channels for hoth syatems .



3"5 + I'SSc system

However, the most important feature concerning the
is -that the calculations reproduce correctly the cross section for the many-
particles evaporation channels (Fig. 14), a result which rejects definitively
the precquilibrium assumption suggested above (section I.2). This result shows
in fact that the code JULIAX caleculates correctly the emission probabilities
for all possible deexcitation channels. On the other hand, the importance of
the yY-ray channels is observed again in these results, as the y-ray competi-
tion in the compound nucleus decay is a stabilizing factor on the nucleon~&

particle competition.
CORCLUSIONS

This work has shown that measurcments of individual deexcitation chan~
nels in a compound nucleus decay is of great importance to check the validity
of the several assunptions inciuded in the statistical evaporation codes. From
the comparison between the experimental excitation functions for the 160 + 6301\
and 345 + ASSC compound nucleus reaction and the predictions of the codes ALICE
and JULIAN for both systems, it is concluded that the code ALICE do aot prediet
correct cross sections if no further assumptions are introduced in the calcu-
lations. Thus, a critical angular momentum cnergy dependent parameter has to be
introduced in the ALICE calculations to obtain agreement with the l60 + 63(:u
results. For the 3"5 + I‘SSc, besides this critical angular momantwn assumption,
a preequilibrium process has to be also introduced to obtain agreement between

predictions of the code ALICE and many-particles evaporation channels.

On the other hand, the code JOLIAN gives correct predictions for both
systems if calculations are performed with the Lang level dewsity relation and
global light particles transmission coefficients calculations (JULIAR 1}. These
predictions are obtained without any assumptions, as that above discussed, and
with a fixed set of parametetrs values for both 1_60 + 630u and SI'S + ASSC sys—

tems.

From these results, it is concluded that the y-ray deexcitation channels
must be taken into account if experimental results are to be correctly compa—
red to statistical calculations. Thus, calculations performed with the code
ALIGE must be used with great care, since the y-ray channel is neglected.

s e



other statistical evaporation codes, as GROGI6 and CASCADE™ , in order to

13.

It is also clearly important to extend this type of comparison to

conclude as to which calculation is closest to the experimental results. This !

work is under uayzz.

Dr. R,
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The authors are indebted to Dr. D. GUERREAU for helpful comments and to
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TABLE 1

CRITICAL ANGULAR MOMENTUN £_~VALUES 7OR i8E '°0 + S3cu ana 5 4 %5

COMPOUND NUCLEUS REACIIONS

E (MeV) T ’.M‘ig?a , = P
cr [
32.0 9 9 -
36.0 18 18 -
40.0 23 22 -
43.8 26 241 23+ 1.5
160 . 63Cu 47.8 32 26 +1 27 + 2.0
52.0 35 28 + 1 31 + 3.0
56,0 37 30 +1 33 ¢+ 2.5
60.0 40 3241 35 & 2.5
63.7 42 LT 39 + 3.0
67.4 43 ' 36+ 1 40 + 3.0
48,3 19 19 13 + Z-Db
51,1 28 28 21 % 2.5
56.8 3?7 3+ 1 32 + 3.0
g, 45g, 62.5 42 3+ "9 4 4.0
68.2 49 B+ 43 % 4.0
73.9 54 3741 53 + 5.0

a) reference 9
b) reference 14




1.

FIGURE CAPTIONS

Compierison between various experimental results for the ‘60 +

(ref. ¢) and predictions of the code ALICE. The solid line curves are

53¢y

drawn through the experimental points. The predictions of the code
ALICE are represented by a dashed-dot line when calculations are pers-
formed under the assumption Oy = Og and by a dashed line when contri-
buting partial waves are restricted to £ £ lcr (see text).

Compsrison between experimental pxn and 2p evaporation channels for the
Shs + 55

P

8¢ system and predictions of the code ALICZ (sce Tiyp 1 captionm).
The effect of changing y'cr by 1 b is indicated for the pn-channel.
Predictions of the ALICE calculations performed with s = A/6

is shown for the 2p-channel.

Comparison between experimental 2pxn + axn evaporation channels for the
34 45,
S +

Sc system and predictions of the code ALICE (See caption Fig.1).
Comparison between experimental apxn and a2pn evappration chammels for
the 34s + I‘SSC system and predictions of the code ALICE (Sce caprion
Fig. 1).

Comparison between experimental 2axn, 2apn and 3an evaporation channels
for the 3"5 + 458:: systems and predictions of the Code ALICE (See caption
Fig. 1). Predictions of the ALICE calculatiens performed with a = A/6

is shawn for the 2an channel,
Absolute experimental compound nucleus eross section for the ‘60 + 63Cu
and 345 + 455:. The seolid line curves represeats the predictions of the
Coae JULTAN with optical model parameters from ref.26 (see text) ; the
dashed line curves are the predictions of the code ALICE.

Cotnparison betwecn experimental 2n and pxn evaporation channels for the
160 + 636u system and predictions of the Code JULIAN., The solid Jine
curves are the predictions of csleulations with Lang level denaity

formula and complete transmission coefficients calculations for the




v —

emitted particle (JULIAN 1) 3 the dotted line curves are predictions
of tie Gilbert-Cameron level density formula and partial transmission
coefficicnts calculations (JULIAN 2).

: . 16, 63
Comparison between 2pxn and 3pn evaporation channels for Lhe O + " Cu
system and predictions of the code JULIAN (See caption Fig. 7).

N . . 16 63
Comparison between Oxn and apxn evaporation channels for the "0 +
system and predictions of the Code JULIAY (See caption Fig. 7).

Cu

Comparison between 02pn, 26xn and 20pn evaporation chaan2ls for the

]60 + 63(:u system and predictions of the Code JULIAN (See caption Fig.7).
. . 34 45

Comparison between pxn and 2p evaporation channels for the ~ 'S + “Sc

system and predictions of the code JULIAN (See text).

34, . 45

Comparison between Zpxn and axn evaporation chamnels for the ~ 8+ 8¢
system and predictions of the code JULIAN (See text).

. D . X k14 45
Comparison between Opxn and o2pn evaporation chamnels for the ~ 8+ "“Be

system and predictions of the code JULIAN (Sse text).

Comparison between 20xn, 2dpn and 3an evaporation channels for the

4
3,'5 + 'SSc system and predictions of the coue JULIAN (Sec rexr).
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