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DEEPLY INELASTIC COLLISIONé AND FUSION IN THE 2°Ne + 4°Ca SYSTEM
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. Cross sections for deeply inelastic collisions, fusion, an*:
elastic scattering of zoNe on 40&1 were measured at 151 MeV. The critical
angular momentum Lcr and the grazing one Lgx‘ deduced from the fusion _g:d

elastic scattering data were used in an attempt to interpret the fri ment
kinetlc energies in degplyinelastic collislons in terms of a rotating
double~nucleus system whose contributing initial angular momentum depends

explicitly on the amaunt of nucleon transfer.

NUCLEAR REACTIONS 2°Na +4°ca, E = 151 MeV, measured energy spectra,

angula:r distributions for 4 ¢ Z § 15, elastic scattering angula: distri-
bution, evaporation residue cross section. Gas ionizatian and Si detectors,
Natural target. Deduced optical model parameters, reaction cross section,
frzqment kinetic energies. ’
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I. INTRODUCTION

Since the discovery of the deeply inelastic transfer reactions
in heavy-ion collisions, many experimental and theoretical studies have
been pcrformed in order to understaac the main features of this type of
reaction, which combines properties characteristic of two apoarently
opposite muclaar processes : direct réaction and compound nucle)xs decu'y!
These properties are believed to derive from the formation of a double-
m_ncleus composite system in the early stage of the reaction. The major
part of previous stndiesl'z has been preferably devoted to heavy systems
involving projectiles larger than Ar and heavier targets. In a very
heavy system the strong Coulomb repulsion prevents the evolution of the
double-nucleus system toward fusion for most values of the orbital angu~
lar momentum, so that the deeply inelastic processes account for a predo-
minant part of the total reaction cross section. Purthermore, reactions
between heavy complex nuclei are more suitable to an intexpretation in
terms of classical concepts and statistical mechanismsa. A typlical example
of such studies has been fully described by Schrdder et al. 3 for the
Xe + Bi system.

The deeply ineldstic collisions invelving composite systems
with mass numbers ranging from about 50 to 100 exhibit many features
similar to those found in reactions studied with huavy systems.4'5 however
several particular characteristics have been obtained. On light systems,
the centrifugal barrier is comparable to the Coulonb one, and the rota- -
tion of the composite system plays then a significant role, so that the -

experimental data provide useful inf ions on the def tion of a
5'9. Besides, direct

rapidly rotating double nucleus system before scission
reaction ch istics b more -conspicuous. For example, a good
description of the energy spectra of the reaction products could be recent~

1y obtained through quantum mechanical treatments and a microscopic
10,11

picture assuming direct cransfer and break-up proces-es . Previous

studies of the deeply inelastic collisions invelving projectiles lighter

12
than Ar and medium-weight targets include °Cl + 27al at 140 to 170 Mev,®17
325 + 5Om at 105 to 166 Mev, 13715 Pe 4 N1 at 164 Mev ¥, and Pne + Tm
at 120 mev,®
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In the present work, the system 24e + 9%, yas investigated
at 151 Mev. Simple classical calculations using the phenomenological
potentials obtained previously 16 in the description of fusion and
elastic scattering data for the same system at 44-70 MeV predict that
at 151 MeV the fusion cxoss section vepresents about half of the total
reaction cross section. The deeply inelastic components are thenexpec-
ted to have comfortable yields centered around the projectile and well.
separated from the fusion p The sy h permits thus to
study the deeply inelastir reaction simltaneously with the fusion,
With a gas-fiw ionization chamber , the heavy fragments either from the
fusion process or the deeply inelastic collisions were detected, and angu-

lar distributions were obtained. The elastic scattering angular distri-
bution was also measured. The critical I'cr and the grazing I'qr angular
decuced vely from the fusion and the elastic scattering

" data were used in an interpretation of the total fragment kinetic enerogijes

in terms of a rotating double-nucleus system.



TII. EXPERIMENTAL PROCEDURE

The experiment was performed with the 151 MeV zoNe (SP) beam
from the Gremoble isochronous cyclotron. Self-supporting natural Ca tar-
gets vere placed at the center of an 1 m diam, scattering chamber.
Thicknesses of 100 u‘!/emz were used for the fusion measurements instead
of 200 and 500 'ul;/t:m2 for the deep inelas:tic measurements. The targets
were always protected from oxydation by vacuum or argon atmosphere. A
collimator composed of three successive tantalum slit: limited the focused
l;eam spot at the target position to about 3 mm in diameter. Beam inten~
sities from 0.1 to 25 electric nA were collected during the measurements

by a Faraday cup placed & eam of the ng chamber.

. The heavy fragments were detected by means of an ionization
chanber run with a mixture of 90% Ar + 10% cn4 gas at constant pressures.
Low pr cor: ding to about 200 un;/l':m2 AE gas detector were

used for the fusion measurements whereas pressures wt four times
higher were used for the deep inelastic experiments. The ionization
chamber contains two low-resistivity Si surface-barrier detectors on its
internal rear side. Two simul E-AR sp could thus be obtained

for two angles separated by 4° lab.. The solid angle of the AE counters
was limited to about O.1 msr in order to permit accurate measurements at

smali forward angler and to account for the multiple scattering. The
angular uncertainty on the detection angle was about * 0.05° A Parylen-C
{Ref., 17) entrance window, 0.3 um thick, was used for the ionization "
chambar. ’

Measurements of the elastic scattering cross section were
made at the same time by means of Si detector telescopes mounted on the
opposite side of the beam direction. A Si monitor detector was placed
at a fixed forward angle in order to ocbtain the relative normalization
of the yleld for -eithev the ionization chamber or the elastic scattering
telescopes. The absolute normalization for the elastic scattering cross
section were obtained by assuming a Rutherford value at the most forward

e was checked with -

measured angle. The accuracy of this p
tional optical model calculations. The absolute normalization for the
cross section of the fragments detected in the ionization chamber was



obtained by comparing the fraguient yleld to the elastic counts within
the same AE-E combination.

The pulses from the detectors were p d by ional
electronics and forwarded event by event to a FPDP-9 computer through
a sultiplexor circuitry and an anal.gic-digital converter. The events
were stored on magnetic tapes. ﬁe data reduction was performed off-line
on PDP and CDC~-7600 computers. The overview of the two-dimensional E vs.
AE spectra obtained from tbe ionization chamber run with low gas pressure
is similar to that shown In Ref. 16, with however a larger yleld for the

projectile-like £ s. The P ion residues from the Zn compound-
nucleus decay are still well separated from the light transfer reaction
ds ated the projectile line. The fusion yield could

-be obtained by counting the events inside a software contour arcund the

4

on 3 n
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The yield for the quasi-elastlic and deeply inelastic processes
was peasured by runping the ionization chamber with high pressure corres-
ponding to about 0.8 mq/cm2 4E gas de + vhere el 1 lines are
obtained with a A% % 0.3 resolution. The energy spectra for each indivi-
dual Z could be deduced by a software tran.formation of the E vs. AE repre-
sentation into the energy Etot vs. Z representation, where E = E + AE+SE.

tot
with 88 being 2 correction term. This correction was made for each E-3E

combination by taking into account the energy losses in the target, the
Parylen entrance window of the ionization chamber and the dead layer of
the Si detector by means of the Ncrthcliffe and Schilling stopping pmtersla.
Pulse-height defects for heavy ions ip the Si surface-barrier detector
were also corrected using the methods in Refs. 19 and 20, From the Et.nt vs.
Z representation, the energy spectrum for each individual element, and
the total energy~-integrated 2 distr:ibution within selected energy windows
could be obtained for each measured angle. Two typical energy-integrated
2 distributions are shown in Fig. 1 where the eleme..tal separation is
obtained for fragments from Be to P. The elemental separation is actually
improved whenever an energy selection is used.-



IXX. EXPERIMENTAL RESULTS

The fusion angular distribution were measured from 4° to 24°
lab,, In order to obtain the angle-integrated cross section o fus’ the
angulzr distribution was extrapolated into the 0°-4° region not measu-
zed by fitting the data in the range 0°-8° with the equation

2
dvfns/d?l = asin"@ + b. [¢3)

This form is roughly consistent with the statistical model calculationsi®r?!

The %us is actually obtained by finding the area under the curve
dot. us/de vs. 9 shown in Fig.2, so that the uncertainty due to the extra-

polation procedure is less than a few p . The & g cross .-

section is Ous = 995 ¢ 50 mb, where the uncertainty takes into accoun:t
the statistical uncertainty, the absolute normalization, and extrapola-
tion procedure errors. The elastic scattering angular distribution mea-
sured from 4° to 30° lab, is plotted in Fig. 3. The errors are about
& 5% including statistical arnd background subtraction uncertainties
(13%), and absolute normalization errors (% 3%). The angular accuracy
15 about & 0.05° and the “CNe beam emergy ‘s 151 & 1 Mev.

Energy spectra fmm 8° to 64° were ohtained for fragments with
Z = 4 to 15, Most of the a2 present a bell-shaped distribution corres-
ponding to a ly damped p At b d angles and/or for the
fragments far from the projectile these distributions are nearly symme- -
trical about the maximum energy. But for the fragments near the projec-
tile, the distributions at forward angles are more Adissymmetrical with
a longer low-energy tail. Some typical spectra are shown in Fig. 4, where
it is noticeable that at 40° lab. the distribution width is nearly inde-
pendent of the detected fragment while at 20° lab, the distributions for

fragments near the projectile, such as 0, F, Na, are much broader than
for the lighter and heavier £ s. A bell-shaped structure could not

be clearly observed for the Ne fragment at angles smaller than 20° becauce
essentially of the elastic scattering yield, the low-energy background,
the increasing contribution from inelastic scatterings and guasi-elastic
components, and also of the decreasing energy separation between the
elastic peak and the strorgly damped component.

N



Por each measured angle, the cross section of the energy-inte-
grated bell-shaped distributions, plotted in function of the fragment
charg: Z as in Fig. 5, present a cleax:-odd-even effect. The angular dis-
tributions obtained for each indivual fragment are shown in Fig. 6.

These :distributions are more and more forward peaking when the transferred

nucleon number decreases. The slope change at about 36° lab, and an inter-
ference like structure are not at variance with the assumption of two
components : a fast ipteraction time component at forward anglé and a
fully relaxed component at backward angle. Such an assimption is also
supported by the angular behavior of the total kinetic energy BE‘ calcu-
lated for the centrold of the bell-shaped structure using two body
kinematics. Some typical EE‘ data are showr in Fig. 7. For fragments near

the ;.zojeccile, EE‘ decreases when the angle increases up to about 36° lah,

then attains a nearly constant value beyond this angle suggesting a
decay from a fully equilibrated system., It is notable in Fig. 6 that the
angular distributions at backward angles are fairly close to the dashed
curves corresponding to an 1/sin B distribution in the renter-of-mass ;

such a feature is also indicative of equilibrium processes.

The wtal elemental ylelds were obtained by integrating over
angle the da/dalab deduced from the angular distributions shown in Fig.6.
The dcr/delab data were extrapolated irto the forward angular rznge not
measured by a smooth hand~drawn continuation. For the Ne fragment, the
data at angles less than 20° were tentatively obtained by interpolation
between the distributiuns for F and Na : such an interpolation is assu-
wed in light of the forward angle distributions similarity for those
fragments. The angle-integrated elemental yields are plotted in Fig. 8,
where the error bars take into account the statistics uncertainty and
the extrapolation procedure errors.

In order to obtain an overview of the complete Z distribution
of the 2oNe + 4°Ca reacllon studied, the evaporation residue part of
spectra deduced from low gas-pressure measurements was tentatively con-
verted into a fusion 2 distribution. Although the resolution of the

ionization chamber’ did not permit an individual fdentification of the

"=



evaporation residue, careful calibrations of the spectra and a similta-
neous fitting of the light transfer products and the heavy evaporation
residues allow one to deduce a rough Z distribution for each wmeasured
angle. These distributions were then integrated over angle by the same
procedure as for the total fusion cross section. The evaporation residue Z
distribution so cbtained is in qualitative agreement with standa-) eva-
poration calculations using the ALICE t'.'miez2 ; the shift of the experimen-
tal distribution towards lower Z values by about two units as shown in

Fig. B may be understood in temms of angular momentum cffects not taken
iato account in the simple calculations performed. It is notable in

Fig. 8 that there is no appreciable ambiquity for separating the deeply
inelastic component from the evaporation part ; and that the total deeply -
inelastic cross section, opy = 1010 # 100 mb are comparable with the fusion
cross section Teus © 995 + 50 mb. The Opg Cross section so obtained in-
cludes actually some contributions from the quasi-elastic collisions part-
cularly at forward angles where the deeply inelastic component cannot be
unambiquously resolved from the quasi-elastic component.

IV ~ THEORETICAL ANALYSIS

A. Elastic scattering
The elastic scattering angular distribution was analyzed in
terms of the optical model. Calculations were performed with the SPI
code A using a four-parsmeter potential
' v+ 1w

u(x) = Vv - (2y -,
coul . 1/3 1/3
l+exp2[r-r,(Ap +AT )]/ni

where v__ 15 the Coulomb potential for a uniforaly ph

of the same radius as the complex nuclear part.

The determination of the nuclear potential strength V by
fitting the glastic data is actually subject to ambiguities, so that V
could be fixed arbitrarily. Similarly with a previous workl6 on 2°Ne + 4OC«
at 44-70 MeV, V is postulated to have the strength deduced from the 1i-
quid drop model by Sivek-Wilczynska and Wilczynki??

"



2/3 2/ 2/3
Veb . _[Ap Ay - EAD ].

where bsurf % 17 MeV is the surface energy parameter. For ;:.:e system
studied V = 63,54 MeV. It has been shown at lower energies thar
when this strength is used, the interaction barrier characteristics
deduced from the real part of the best-fit optical potential were com-
parable with that deduced from the fusion data through various ‘models.

The strength V being fixed, a gridding search was made for
the imaginary depth W. Por a chosen value of W in the range 0-63 MeV
the %2 minimization was performed by adjusting r, and a. The best-fit
shown in Fig. 3 was obtained with W = 40 MeV, r, = 1.162 €m, and a = 0.681 fo.
‘The calculated total reaction cross section is then oy = 2158 mwb ; this
value is close to the sum of the measured fusion cross section Osus’
and deeply inelastic and quasi-elastic cross section LY

The elastic scattering cross section in Fig. 3 falls off
to -}of the Rutherford value at 61/4 = 20.0 £ 0.5°. With the classical
Blair recipe ,5, the grazing angular can be duced through

the relationship

"gl: £ 11/4 = n cot (01/4/2)5 [}
where n is the Sommerfeld parameter ; and the total cross section is

then
(1/4)
o

= X2 2
A -x X2 (e + 0, 5)

where X is the reduced wave-length. For the present data, £ gt = 65
and 0;1/4) = 2131 mb, These values are consistent with the optical
model calculations. With a similar sharp-cutoff relationship as in
Eq. (5) the critical angular momentum can be deduczd from the measured
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fusion cross section ; "c = 44. This value 1is consistent with that
deduced from the real part of the best-fit optical potential by defining
l.m_ as the angular momentum for which the projectile just surmounts the
barrier provided by the sum of the Coulomb and centrifugal potentials
and the real nuclear potential. In fact, no minimum in the total poten-
tial energy and then no fusion barrier occurred for partial waves with
L > 44, so that the critical angular momentum attained s saturated
value l’cr = 44, The same result was obtained with the proximity poten-
tial of Blacki et al 26. using the original parametere except for the
radius which is chosen to be
1/3

R =z, 87 -0.76+088

13 e, (6

with x, = 1.37 fa instead of 1.28 fm as suggested in ref, 26. Such an

increase has been necessary in order to fit the fusion data at lower

energies 16.

B. Decply irelastic reactions

The rotation-energy contributions to the kinetic energies

' of deeply-inelacti- reaction products from léicht "heavy-ion systems have

been the subject of sevex:al studiess-g' 27. The colliding nuclei are
assumed to form a double-nucleus systen, whose final configuration was

a pair of sticking rotating fragments. The scission configuration may

be approximately described by two uniform spheres of radii n3 and R, .
joined by a thin neck. The distance between the mass centers of the

two fragments is then given by

d=Ry + Ry +3 ()}

where § is the length of the neck, and Ri can be taken to be ‘:(1 = 1.2 A

1/3
5.

Taking into ircount the frictional force, the total kinetic
energy of the rotating double-nucleus system is given by

. 2 Li(l.iﬂ)hz
Epm Vg @ +v g @+ —ar— (8



vhere N
£ = ua/a? + ffa + ‘If4)
':fs =% 5 .
# being the reduced mass and m, the fragment masses. In previous workss-gy

i
the rotational energy has been deduced from the measured fragment kinetic

energy by assuming a fixed apj;.lar momentum I'i for any letected fragment.

The partial wave Li 1s chosen to be the wave just greater than those going

to fusion, or the one midway between fusion and grazing. It might be more
le to that Ly ds on the of nucleon transfer

which should depend on the initial impact parameter and then on the degree
of overlap between the interacting mmcled in the initia) stage of the
zeaption 27. Since the nuclear potential is small compared to the Coulcmb
potential and the rotation term, one may consider the amount of proton
transfer instead of the nucleon transfer. For small numbers of transferred
protons the smallest degree of nuclear overlap is expected, so that these
reactions are associated with large impact parameter and are then domina-
ted by contributions from partial waves near the grazing Lgr‘ On the con-
trary the partial waves just larger than the critical Lu_ correspond

to small impact parameters and large nuclear overlap giving rise to large
proton transfers. It may be thus assumed 27 that deeply-inelastic trans—
fer reaction is associated with a zmall number of partial waves centered

at
Iy =~a L, + A -a) I-q', (9}
where a for the of nuclear cverlap.,
With the assumption that the p transfer is proportic.anal

to the volume of one of the interacting nuclei which is swept by the
other nucleus, Simbel and Abul-Magd zn have’ shown that

as= lnl/nmax (10)
where n is the number of transferred protons, and Boas is the maximum .
of this number correspending to a maximum overlap and then to the ini-

tial angular momentum egual to l:.ﬂ_. If it is assumed further that ch
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corresponds to an overlap at u;e critical distance 28
1/3 1/3
R,= 1.0 (Al + Ay ) fom (1)
and that the grazing cccurs at
=15 a3 +alf gm, 12)
n is approximately 2
max

N A, 1/5 2
S [1 6D ] . an

Beside the angular momentum L,, the extraction of the
rotational energy from the fragment kinetic energy requires also the
knowledge of the di d and the nuclear potential at this distance.

Actually Eq, (B) can be satisfied either by a solution with 4 much
larger than the nuclear radii so that the nuclear potential is practi-
cally negligible or by a solution with 4 comparable to the nuclear

radii wbere the attractive nuclear potential should be taken into account
in order to compensate the increases of thc Coulomb and rotational
parts. :

In the present work, the initial angular momentum Li was
calculated through Bq. (9) with L__ "and 1,__ precedingly deduced from the
fusion and elastic scattering data, I'cz =44 and L__ = 65. ';Ze nuclear
potential in Eg. {8) was taken to be the proximity potential used with
the radius modified as in Eq., (6) ; the mass and charge dependence of
the nuclear potential is then accounted for in the determinaticn of pro-
ximity potential parameters 26. It was assuped that the fragment mass
is twice its charge. A point-charge potential was used for the Coulomb
part \700‘ll Q) = 2324 e2/d. The only parameter ta be varied in the calcu-
lations of the total kinetic energies E, was then the neck length §
defined in Eq. (7).

- . il

A good overall @escription of the BP data at the grazing .
angle ogr = 20° lab. could be chtained as s):cwn in Fig.9, with § = 6.3 fm.
There is a noticeable shift between the axperimental distribution centered
around Z = 8-9 and the model prediction which has a maximum at the pro-
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Jectile charge Z = 10, This shift is understandable in terms of light

. particle evaporatiors by e.h'e excited fragments prior to the experimental
detection. In order to take into account the kinetic energy losen by the
fragments in the \p ion @ A, the d BP should be roughly
corrected by a factor 1 + (n/A) where A is the composite system mass
and n is the number of evaporated nucleons 29. The best-fit neck length
& ghould then decrease by a few percent, but is still appreciably larger
than the & ¥ 2 £m used in analyses of fission data °. The large & obtained,
in agreement with previovs results, 7 4s indicative of the h:l.q!; deforma-
tion of thé residual puclei at scission.

For detection angles much larger than the grazing one, the
deeply inelastic collision ig assumed to be associated with a small
impact parameter, and thus with contributions from partial waves just
u;:ge:r than the critical one. Calculations made with I'L = I'cr +1 =45
and § = O could fairly reproduce not only the B, data measured at 40°
lab. as ghown in Fig. 9 but also those measured at larger angles, since
Ep attaias in Fig. 7 nearly constant values beyond 36° lab., In these
calculations, no 4 d on the ber of t d protons was

agsumed and L, was kept fixed for all fragments.

The results obtained suggest that the two solutions of Eq.(8)
correspond to two physical components. The solution with large 4 and
with I'i explicitly dep on the m of d protons is
associated with deeply inelastic products detected around the grazing
angle while the more damped products detected at much larger angles
are described by the solution with small 4 and Ly just larger than Loy
independently of the of transfer.

The crude mode} used is not expected to be valid for the
data at angles forward of the grazing, where the spectra may be dominated
by direct-reaction proc.sses particularly for the fragments near the
projectile. Several mechanisms have been investigated, for example pro-

Jectile fragmentation 31’32, transfer reaction and projectile breakupm'n'”,
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In particular the reaction 4oCa (mNe, 16O) has been studied at 262

and 149 Mev for the forward angles, The 16O spectra could be reproduced

by distorted-wave-Born-approximation calculations assuming both a trans-
fer and 2 breakup process : the 160 dissymmetrical spectra were cons~
tructed by summing two components, & breakup component centered around

the beam velocity, and a transfer component occurring at lower <rergy.

The breakup component decreases rapidly in function of angle and becomes
negligible at angles backward of the grazing.one so that the spectra

have then a more symmetrical shape. The forward angles O data of the
present work are in agresment with those obtained for 160 in Refs. 10

and 11, vhereas the fragments far from the projectile, for example N

and C have nearly symmetrical bell-ghaped distributions similar to ..
spectra obtained at larger angles, shown in Fig.4, suggesting no evi-
dence for a breakup contribution. Analyzing the data at the most forward
angles is beyond the scope of the present work ; promising results have
been obtained in attempts to understand the evolution from the simple

direct tr or b P ion t ds the deeply inelastic colli-
sion 10,11,33

V, CONCLUSION

Cxoss sections for the deeply inelastic collisions of
zol!e on 4°ca were measured at 151 MeV by detecting fragments from Be
to 5 with a gas-flow jonization chamber. Most of the spectra present
a bell-shaped distribution corresponding to a strongly damped process.
The angular distributions for individual fragments are more forward .
peeking for the f with ges near that of the projectile .
than for the lighter and heavier fragments. The angular behavior of
the cross sections and of the total kinetic energy of the exit channel
are not at variance with the assumption af a fast interaction time caom-
ponent at forward angles and a relaxed component at angles larger than
about 36° lab.,The total cross section for the deeply inelastic and
quasi-elastic collisions is practically equal to the complete fusion
cross section. The fusion measurements were made by detecting the eva-

poration residues from the Zn compound nucleus decay with the same
ionization chamber run at low gas pressure. The elastic scattering
angular distribution was also measured with solid state detectors.
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: From the elastic scattering data, the q'nzinq angle egr
and angular Lgr were deduced whereas the critical angulax
momentum I'cr was obtained from the fusion data by means of classical

approximations, The Lcr and Lgr angular momenta were used in an attempt
to interpret the total kinetic energy EP in terms of a rotating doubls-—
nucleus system, A good overall des:ription of the EE‘ Qata at the grazing
angle, 6 x = 20° lah, could be obtained by using a neck length appre-
ciably larger than the value employed in previcus fission analyses, and
by taking into account an explicit dependence of the initial angular
momentum I.'i of the colliding sy on the of g t fer.
For datection angles wuch larger the grazing one, the zF data are better
described by calculations witha small neck length and no explicit depen-
dence on the of p transfer, Li is being kept fixed to the

value just larger than I’cr’
The authors wish to thank A. MAURICE for technizal assis-

tance and J.P. RICHAUD for target preparation.
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FIGURE CAPTIONS

Fig. 1 -

Fig-. 2 -

Fig. 4 -

Fig. 5 -

Fig. 6 -

Fig. 7 =

Fig. 8 ~

Energy-integrated elemental yields deduced from the ionization

chamber E vs. AE two-dimensional spectra,

Angular distribution of the evaporation residue cross section
for 2D"e + 4°ca at 151 MeV. The total fusion cross section Yeus
is obtained by integrating over angle the solid curve. The

0® - 4° part is deduced from- the extrapolation procedure perfor-
med on the duhs/dn angular distribution (see text).

Elastic scattering angular distribution for 2°Ne + 40& at

151 MeV, compared with the best-fit optical model calculations

using a four-parameter complex potential.

Experimental spectra at 20° and 40° lab, for fragments from
Be to S. The dashed lines are drawn to guide the eye. The bell-
shaped distribution FWHM is indicated by a horizontal full line

segment.
Elemental differential cross sections showing odd-even effects.

Angular distributi .s of the deeply inelastic bell-shaped part

of the spectra. The dashed curves are deduced from an 1/sin em
angular distributicn in the center-of-mass, using two-body kine-
matics and the most probable O-values of deeply inelastic como—
nent ; the curves are normalized to the data at backward angles.

Total kinetic energies of the fragment exit channel in the canter
of mass system.

Energy and angle integrated elemental cruss section for fragments
and evaporation residues produced in the 2°Ne + 4°ca at 151 Mev.
The full line i3 drawn to guide the eye thecugh the measured
data. The dashed line rep the p ion residue distri-
bution calculated with the ALICE code 22; the calculations are

normalized so as to provide the same Z-integrated fusion cross

fsction as the experimental data,
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Fig. 9 - Total kinetic gies of the £ ed with calculations
based on a rotating double~nucleus model (see text).
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