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ABSTRACT

The fragments emitted in the reaction '°7»'°% Ag + 2°Ne at 175 MeV |
and 252 MeV bombardihg»energy havg been identified fn charge up to Z2=-32.
Kinetic energy distributions, cross sections.and angular distributions
have been measured for each Z. The kinetic energy spectra show the two
usual components: the quasi elastic component and the relaxed component.
The Z distribution of the latter is fairly flat, siOwly decreasing up
to Z ~ 15 and then rising again up-to Z = 30. The variatfons in the Z
distribution aré‘more pronounced.at the lower bombarding energy. The

angular distributions associated with the relaxed component are forward
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peaked for'Z'S close to that of the projectiie and behave 1ike 1/sing for
larger Z's. The fofWard peaking is;véry substantial fbr Z < 10. For

Z > 10 the forward peaking in excess of 1/siné diéappears afound Z=15.
These featufés,are interpreted in terms of a difquion process along the

asymmetry coordinate of a short lived intermediate complex.

Nuclear reactions: 1!07,109Ag + 2ONe; Eaopne = 175 MeV, 252 MeV. The
* atomic number of the emitted fragments has been determined up to Z = 32.

The kinetic energy distribution, the cross section, and the angular dis-

- tribution have been measured for each Z.

1) INTRODUCTION |
In two previous studies on the reactions I“N'¥ 107,1094¢ 1)and

“CAr + 1°7’1°9Ag,2'4) evidence was discovéred for the formation of a
short—]ivéd intermediate complex wfth,we11‘defined maés asymmetry (the
shape corresponding perhaps to that of tWo touching spheres). This inter-
mediate comp]éx.was characterized by the fol]owing_pkopertieszs) 1) The
kinetic energy associated with the entrance chanhel'appeared to be
thermalized; ii) The forward peaking in the fragmént»angu1ar distribution
appeaked to indicate a decay-time shorter than one mean rotational period,
or about 107%" sec; 1iii) The spread of the Z distribution of the frag-
ments indicated that substantial particle exchange occurred during the
‘1ife of the intermediate complex; 19) The changing éngu]ak distributions
with the Z of the fragment, more sharply forward peaked for Z's close to

that of the projectile, and approaching 1/sine for Z's farther away from
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the projecti]é# suggested.that the time evo1utionzelong the asymmetry
coordinate is'faik1y slow, with a time constant comparable to the rotational
peribd. The experimente1 data appeared to be consistent with a'diffusion
mechanism‘respbnsible for the partfc1e exchange between the two fragmente
.in contact. In fact a model based upon a d1ffus1on equat1on, suggested

6)

by Moretto and Sventek seems to exp1a1n the main. features of the

exper1menta1 data.

The sﬁppOrt to the diffusion theory comes frqm four physica].obsekva-
“tions: 1) The low kinetic energies of the fragmenfs; ii) The apparent
sensitivity of_the cross sections to VZ/T; where Vz“is:thevpotehtia1 energy
of the intermediafe complex (ridge potent§a1 energyj,whose asymmetry is
characterized by the Z of one of the two fragments,‘end T is the tempera-
ture of the intermediatevcomplex; iii) The change in the mean time of emission
of the fragments with Z as can be inferred from the Chapge in:forward'
peaking of the angular distributions with'the diffekence between the Z of
the fragment and the Z of the'projecti1e; iv) Thebsensitivity of the
Cross sectioné and angular distributions upon the ehtrahce'channel,mass
asymmefry; Sihf]ar features are visib]e in many other’experimenta1 data
. obtained in a‘Variety of heavy ion reactions.1'14) |

In the case of “OAr + 107,10%Ag, the injection asymmetry is slightly
to the right of the Bus1naro Gallone maximum of the potent1a1 energy at
the r1dge,5) on a gentle slope leading to the symmetr1c saddle po1nt The
diffusion process seems to_be»respon§1p]e_for the increasing. cross section
with increasihg,Zi up to symmetric division anq for a moderate forward
- peaking, someWhathore pronounced for_fragments elose_in Z to the projectile.

In the case of *N + 1°975109Aq  the injection asymmetry is to the left of the
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‘Businaro-Gallone maximum of the ridge potential énekgy; on.a steep slope
leading to extreme asymmetries. The dif%usion proceﬁs leads to a large
cross sect1on at Tow Z's, and to a very dramatic forward peaking for frag-
ments with Z Tower than that of the projectile, which heals rapidly for

fragments with\Z larger than that of the projectile.

ThevhréSth combination of 2%Ne s 107,109 is intermediate between
the previous two cases. The injection asymmetry is close to the Businaro-
Gallone maximUm. To the left (lower Z's) there is.a precipitous slope-
towards the extreme asymmetries, while to the right‘(higher Z's), the
potential energy is almost flat, slowly sloping down towards the symmetric
saddle point. Therefore an intermediate situation should be bbserved both
in the Z distribution and in the ahgu]ar distributions. It appears from
the present results that this is indeed the case, thus providing more

~evidence for the diffusion mechanism mentioned above.

2)  EXPERIMENTAL TECHNIQUE

The expérfments were performed at the Berkeley 88 inch cyclotron using
the 2°Ne* beam at 175 MeV and 252 MeV. Although obtained with a lower
intensity, the Ne®* 175 MeV beam was preferred to the NeS* 175 MeV beam
in order to avoid a possible !2C3* or 160** contamination. The beam in-
tensity was chahged from angle to angle in order to maintain a reason-
“able counting rate. Approximately 100 nA of beam current were available

on the target but near the grazing angle only a few nA were actually needed.

" The beam spot on the target was approximately 3 mm. in diameter.



-4-

The natural Ag targéts, prepared by evaporation, were 300 ug/cmz thick.
In the worst cases (target at 45° with respect to the beam direction and
lower energy beam) the energy dispersion of the beem, introduced by the

target, was close to 1.5 MeV which represents less than 1% of the nominal

ehergy.

' eThe‘produets of the reaction were identified by;means of two particle
,vteleSEOpesihouhted on two independent arms rotatihgxaround the target
center. Both'te1escopes.were identical and were used simultaneously

in order to increase the measurement efficiency.. Each telescope was com-.
posed of a AE gas counterls)and of an E solid state counter (300 um thick).
“The gas counter was an ionization chamber which gives-a better resolution
than the proportional counter used in previous ex_perimen.ts.]’z’]6 The ioni-
zation chamber was filled with a CH,/Ar mixture (10% methane in volume). Later,
for the 175 MeV experiment, the mixture was replaced by pdre methane. With ‘
this'»gas e slight]y better resolution was obtainedre Furtherhore a

shorter rise fime of the pu]se allowed us to %mpreVe the timing between

AE and E signais. The gas pressure inside the coeﬁters was stabilized by
means of a cartesian manostat mounted down-stream'from'the chamber. The

gas was pumped'downstream and typically a 10 cmPsec! gas flow was kept

durfng the experiment. The pressures inside the cpunter were set in the

range of 6.0 to 8.0 cm. of Hg corresponding to a thickness ranging from

0.368 to 0.491 mg/cm? of CH, at.20°C. A 50 pg/cmzvplastic window (FORMVAR or

VYNS), 3mm. in. diameter, was glued on the‘entranee frame of the counter

in order to insulate the counter chamber, under pressure, from the scattering

chamber under vacuum.



The entranée window of the counter was 6 cﬁ._from the target center

and the solid angle, defined by the window size,'qu typically 2 107° sr.

"~ A schematic diagkam of the electronic equipment is shown in fig.(l).
The pu]sesvcoming from the two telescopés were féd”to a standard linear and
Togic circuftry and were digitized by means ofvan analog multiplexer and
ADC system._ The‘digitized informations as well as thé necessary identifi-
cation markers were fed to the computer‘event by‘evént. Then'they were
recorded on magnetic tape by b1odks of 15 physicq] gVents. ~The data were
analyzed off-1line on a PDP9 computer and during the‘experiment two-dimen-

sional AE-E.mapS were printed in order to check the‘performance of the ex-

“perimental setup.

3) - DATA REDUCTION

yA Identification

From the printed E-AE maps the different va]]eys separating one element -
from its néighbors could be identified. In order to reduce the amount of in-
put data, each valley was approximated by a succession of straight 11nes.
Without calibrating the AE and E pulses, there was always a way to identify
the different products. In the data at forward angles, the Z of the projec-
tile was quite obvious. At backward angles, at least two products could be
identified without any ambiguity; carbon because {ts producfion Cross
section was always higher than those of its neighbdrs and fluorine for
the opposite reason. This éffect,which hasvbeen observed in Ar induced
reactions on different targets?) can be explained by the peculiar proton

binding energies of these two products as compared with those of their



neighbors. Only a few MeV of excitation energy are needed for a fluorine
isotope to evaporate a proton and consequently to d1sappear as a fluorine.
On the contrary the last proton is qu1te bound in a.carbon 1sotope near

B stab111ty, so that proton evaporation is not very 11ke1y

‘Energxica11bration

The most accurate energy calibration has beeh obtained by means of
e]astic'scéttering. The energy deposited invthe AE‘counter_was computed
from the Northcliff and Schilling tables and from the known compositioh and
thickness of the gas inside the céunter. The energy deposited in the solid
state countér was obtained by difference, taking into account also the energy .
loss in the plastic window of the AE counter. It was assumed that there
was no pulse height defect,which seems a reasonable assumption in the
case of such a light particle, as Ne. 'A]I the charges created in the gas
are not’co]]ectedf Moré preciéei% part of the chargé created both close
to the_entrance.and the exit sides of the counter is not gathered, due
to the relatiVe weakness of the electric field in these regions. We
assumed thdtlthe charge which was not collected was a constant fraction
of the collected charge. This might introduce an uncertainty of 5% in
the absolute value of the measuredvAE energy for Z's far from that of the
projectile. Furthermore the gas pressure was not direct]y measured in-
side the countef but slightly upstfeam, thus introducihg a possible 3%
additional unéeffainty (difference between the'pressureé\recorded with the
counter by-pass open and closed). The relative uncertainty on the total
kfnetic energy due to the uncertainty in the calibration is not the same

for all the products. For the higher Z's the energy deposited in the
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AE counter may. account for a large part of the total kinetic energy. Fur-
thermore, dhe to the substantial center bf mass ve]dcity,-the contribution

of AE to the total energy is much more important in the backward than in the

forward direction. Consequently one should be cautious in comparing the

mean'energies of the different products at various ahgles.

Dead layer energy corrections

Energy corrections were made both for the entrance window in the gas
counter_and for the target thfckness. In the target,'an averagé correction
wés made by aésuming that the nuclear_reactions takehplacevin the middle
1ayek of the target.. The corrections have been méde'on the basis of the
Nortc]iff and Schilling tables. For each Z,the rénge energy curve was |
first fitted by a 5th degree polynomial expressioh and thg energy loss was
determined by interpolation. This energy correction is obviously most
ihpoftant for the higher Z's detected at Tow lab energy. In such cases
the correctidn may_account for 10% or even 20% of the measuréd énergy.
Hdwever, in most cases, the energy corrections are smaller than 5% of_the

measured values. -

Lab. . to ¢.m. transformation

The 1ab;£o c.m. transformation was performed on the doubly differential

Cross sectioh aéo/aQaEvof the energy spectra. For each product, the corre-
sponding O .m.> Ecom
as the cross section integrated over energy:

d_ol = /____320 ‘ dE . |
d c.m. aQaEc.m. c.m. c.m.

E_ ., and (azo/aQaE)c h were computed. Quantities such



the mean ehergy:

= _ d0| \-1 32g ‘
E = (== E —_— dE 3
¢.m (;Q c.nh) ,//rac'm‘ oE o 1o, C-M-

the mean center of mass angle:

-é- = .g_g.' -1 6 _____320
c.m. \delc m. c.m, BQBECAm.

were also computed.

dE
c.m. C-m.

The distribution in 6_  for a given 6, . due to the lab. kinetic

c.m.
energy distribution is quite narrow, except around 90°, where the FWHM for
the eC m spectra is close to 5°. Obviously this dispersion tends to

vanish in the forward and backward direction.

In thé.transformation from lab. to centef of'masé system, there is
some uncertainﬁy due to the fact that the masses of the ffagments are not‘
measured. vTHuS, for all the Z's, an arbitrary mass was chosen, equé] to
twice the atohic number. This assumption is probablyfquite good for the
1ight fragments like C or 0 but is certainly 1eSS‘adé§uate for the highest
Z's. 1In order to check the uncertainties introduced by this approximation,
the other extreme assumption was made by assuming the neutron to proton

ratio of thé fragments to be the same as for the combined system.

In order to give an idea of the differences associated with the two
approximations, let us consider the 252 MeV 2°Ne induced reactions and the
product Z =28 detected at e]ab. = 20°. The mean energy Eé.m.is found to
be equal to 41.2 MeV with the first approximation, énd 38.7 MeV with the
second épproximation. The center of mass cross sections are 506 mb and

e
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522 mb respectively. Similarly for Z=11, the 1$fgest. Z observed at

156° 1lab. without 10W‘energy cut-off in the kinetic energy spectrum, the
first approximation leads to.E;.m;.= 49.5 MeV and‘the_secondAone to Ee_m.=
51.3 MeV. The center of mass_cross‘séctions are ]090 mb and 1032 mb
respective]y. These two eXamp]es;illustrate the uncértainty in the

cross sections and in the mean energies introducédvby_the lack of knowledge

of the masses.

Furthermbre, as pointed out above, there is 5150 some uncertainty
in obtainfng the‘center of mass cross section do/dQ at a given ec.m.’
since the cfdss section measured at fixed e]ab.corresponds to a finite
distribution of center of mass angles. This untertainty depends on the
behavior of the angular distributions. If the angular distribution were
isbtropic in the center Qf mass, no corrgction would be needed. However,
although this is actually not the case in the present reactions, the uncer-
tainty remains quite small due to the rather symmetric shape of the energy
spectra which tends to compensate for errors in thé cross. section. Thus,
except for the cases where the cross section is vérying very rapidly with

6, the assumption that oz =g is satisfied within 2 or 3% error.
" ‘ Oc.m. O¢.m. '

4) PRESENTATION OF THE RESULTS AND DISCUSSION

The kinetic energy distributions

Two components are observed in the kinetic energy distributions,
similar in nature to those observed in other heavy .ion reactions like
1EN 4 107,109A0 and “9Ar + 1°"a1°9Ag.1'4) The high energy component or
quasi-e]astié cohponent is clearly visible for angles close to the grazing

angle and for particles with atomic numbers close to that of the projectile.
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In the examples plotted in Fig. (2) the quasi-elastic peak is visible for |
atomic numbefs_7'through 12 at various laboratory ahg]és. At the same
time_the "re1éxed" peak is visib]e as a separate low-energy component
which dominates for angles larger than the grazingiang]e. For Tow Z's,
1ike Z=6, the two components merge into a single broad peak and cannot

be distinguished.

At larger ang1és, the "relaxed" peak dominates;‘ The substantial simi-
1arity of the relaxed peaks at various angles, seen in other reactions, |
is also verifjed here. For a given Z, the center of mass "relaxed"
kinetic energy distributions do not vary essentially with angle. Their
nearly gaussian shape allows one to describe them in terms of their most
probable va]ués and their width. In Fig. (3) and Fig.(4) the most probab]e
kinetic energies in the center of mass system are‘shown for various angles. It
can be seen that these most probable energies do not change significantly with
angle. The general trend with Z is, here as.in other cases, consistent with
the interpretation that the energies’are arising éssentia]]y from Coulomb
repulsion. The kinetic energies expected from the Coulomb repulsion of
two touching spheres and of two touching spheroids a11owed to attain
their equilibrium deformation are also shown in Fig. (3). At large Z's
it appears that'the experiménta] kinetic energies éhe lower than the
ca]cu]éted Cou]oMb_energies. This may mean that, for more symmetric con-
figurations, the fragment defdrmation becomes larger with a consequeht
decrease in Coulomb repulsion. A1so, the larger fkagments are expected to
lose more partiC]es (neutrons énd/or protons) by evaporation, thus reducing

the fragment kinetic energy accordingly.
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. A compahisqh between the data at both bombardiﬁg energies shows that
the most probable kinetic energie§ are somewhat larger at the larger
bombarding energy;_‘Similarly the widths (FNHM)‘are sOméWhat larger at

the larger bbmbardingvenergy (Fig. 4). In cbnc]usion, the overall features
of the relaxed kihetic energy components are consisteht with d nearly
complete equilibration (relaxation) of the initial kinetic energy.1’2’17)

This, of course, is only a necessary but not sufficient condition to prove

that a compound nucleus has been formed.

The Z Distribution

The laboratory cross sections at various angles as a function of Z
are shown in Fig. (5) for both bombarding energies. Theﬁéenter of mass
cross sections are shown in Fig. (7). The center\of mass cross sections
integrated over the eXperimenta] angU]ar 1ntérva1 and éxtrapo1ated to a

fixed angu]ér‘interva1 are given in Tab]e 1.

In the range 6 < Z < 15 the cross sections are in general decreasing
with increasing Z. At small angles the cross sections are very large and
decrease rapidly. At larger angles the cross sectfons are smaller and do
not decrease quite as rapidly. In the backward direction the cross sections
are nearly constant with Z. For Z's larger than 16 the cross sections
.1ncreése in a similar way with Z for all the angles. These general features
are more evident in the 175 MeV than in the 252 MeV experiment. For‘inétance
the increase in cross éection from Z=16 to Z=28 is approximately a factor
of 3 to 4 at 175 MeV and barely a factor of two at 252 MeV bombarding

energy. A strong even-odd effect favoring even Z's is also visible in the



TABLE 1. Integrated center of mass cross sections for individual atomic numbers. The first cross section column gives the
cross section integrated over the experimental angular range 6, + 6,. The second cross section column gives the cross
section interpreted from 30° to 130°. Due to the experimental errors and to the interpolation and extrapolation scheme
used in evaluating the integrals, the quoted values may be in error by as much as 20%. ,

8 ’ 130° 8 130°

30.98 88.95

2
: s o o[ Lsineas 2rf 92 sinede 0, o, 2nf z-g% sinods  2n[ 9% 'singde’
. 8, 30° : , 8, 300
deg deg o mb mb  deg ‘ deg - mb v mb
_ E = 175 MeV ! _ E = 252 MeV :

5  71.96 160.91 2.17 6,11 , 106.9% 161.91 2.73 10.39
6  62.96 161.91 . 8.76 24.06 '  37.98 161.91 33.03 . 40,07
7 61.9 161.91 3.63 ©10.07 .- 39.98 161.91 13.52 17.35
8  62.9 161.91 4.49 11.74 ' 39.98 163.91 12.48 15.20
9 50.97 163.91 ' .14 6.2 ,  38.98 161.91 6.29 7.34
n 36.98 161.91 4.73 5,10 ' 24.98 136.93 7.95 6.78
12 26.98 152.92 7.46 6.09 . 25,98 138.92 7.84 6.88
13 26.98 118.93 2.89 4.01 +  27.98 125.93 5.63 5.65
14 26.98 118.93 3.04 4.23 | 29.98 112.94 5.08 5.99
15 31.98 121.93 © 2.60 2.93 ' 26.98 112.9% 4.10 4.70
16 28.98 120.93 3.22 3.5 . 27,98 114.94 421 4.83
17 .27.98 120.93 - 2.67 2.92 «  29.98 113.94 8.6 5.01
18 22.98 119.93 3.4 3,600 . 29.98 114.94 - 4.49 o 5.33
19 21.98 101.94 3.17 4.3 30.98 115,94 4.74 5.60
20 22.98 101.94 3,51 4.94 | 28.98 101.94 4.35 6.13
21 21.98 81.95 3.13 4.93 ' 28.98 97.95 4.62 8.33
22 22.98 82.95 3.60 6.21 . 29,98 96.95 5.01 8.33
23  21.98 . 84.95 2.1 6.87 29,98 87.95 4.13 7.16
2. 21.98 84.95 4.53 6.51 | 4.29 7.78

-21-
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cross sections, especially at low Z's. These fluctuations, similar in
amplitude at both energies, may possibly be due to Secohdary evaporation

from the fragments:

It appears.that the general trends observéd in'the‘Z distributions
can be easily feiated to the potenti&] energy of.the;ridge line. The ridge
1line is the locus of saddle points constrained to a fixed mass asymmetry.-
An example of ridge lines for various angular momenta'ié shown in Fig. (6) .
In general, assuming that either a compound nucleus is formed, or that the |
system is formedvdirectly at the ridge and undergoes equilibration along
the asymmetry mode; ﬁhe following expression should giVe a good representation
of the particle yield: | A

Y(Z) « exp(-V,/T)

Where.the Z of one of the two fragmenis has been used to describe the
asymmetry at the ridgej_ Vi is the potential energy at'thé ridge; and

T is the ridge temperature. A log plot of the cross se¢tfons or yields
versus Z should reflect aklinear‘dependence wfth VZ/T.l A cursory inspec-
tion of the experimental data show that this is approximately the case.
The high cross secfions for low Z's reflect the low potential energy at
the ridge in this region. Also, the increase in crosé section fbr higher
L's, towards the‘symmetrit splitting, is consistent with the theoretical
slight depression in the;ridge poteﬁtial energy é]ose to‘éymmetry, especially
Visib]e at 1argg '3 Qa]ues. Furthermore, the.fact that these features aré:‘
more strongly visible at Tow energy is a possib]e i]1ustration,0f the 1/T

effect.
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However, it is not at all obvious that a complete equilibration.
has occurred along the mass asymmetry mode. A comparison with other heavy
ion reactions leading to similar combined systems, while not conclusive,

is very suggestive of incomplete equilibration.s)

In the reaction
107510989 + ‘“N,;) there is a great enhancement of 10& 2 products as
compared with'the.presént reactions without any_§trong:fhdicatidn of an
increasing crqss section with increasing Z for Z> 16. On the other hand,
in the reaction 197,109ag + “°Af,2) the cross sections dramatically increase
with increasing Z from Z>9, without any obvious increase of the cross
section for lower Z's. In other words, the present reaction appears to
be intermediate in its features befwéen the two reactions mentioned above.
One can possibly argue that the observed effect is exclusively related to
the gradua]-ihcrease of the fissility parameter x from the system '°7,109Ag+
1¥N to the system '°7-1%%Ag + *%Ar, In fact, as one moves towards x values
above the Businaro—Gal]one'point, a_minimum develops in;the potentia1 energy
mode along thé mass asymmetry. Yet the systems are §o close to one another,
that a more 1ike1y cause for the observed features in the three reactions
may be fhe initial}target-projectile aéymmetry.S) |

This is COhsistent with the hypothesis, formu]atedAby‘Morétto_and
Sventek,ﬁ) that an intermediate complex of defjnite mass asymmetry
(having a shape close to that of two touching fragments) and completely
thermalized in kinetic energy, diffuses along the massvasymmetry coordinate
while rotating and decaying. This hypothesis exp]éins on the one hand
the gross V,/T dependence of the particle yields, and on the other hand

it explains the large enhancement of Tow Z particles in N + Ag, of larger

Z particles in Ar + Ag and the intermediate situation for Ne + Ag. In
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the first case the injection asymmetry is to the Zleft of the potentia]
energy maximum (Fig. 6), leading tova diffusion towards small Z's; in the
second case the injection point is to the right of the potential ehergy
maximum, leading to a diffusion towards large Zfé; in the present case,
.the_injection_asymmetry is approximately on top of the pdtentia] energy
maximum, thus generating the observed intermediate featukes. A very strong
argument in favor of the ekistence of an intermediate complex and of
diffusion along the asymmetry coordinate is provided by the angular

distribution.

The angular distributions

The center of mass angd]ar distributions associated with the various
Z's are shown in Fig. (7) for the tWo bombarding enérgies. .Care has beén
taken to either subtract any‘cro$s.section associated with identifiable quasi-
elastic components of the kinetic energy if any,'or to e]iminate the point
a1togethek from the plot if the subtraction proved to be either uncertain :
or impbssib]e. No contamination of quasi-elastic cross §ection 1arger

than 3%, should be present in the plotted angular distribution.

The general features of the angular distributioné can be summarized
vés follows. For_Z < 10 a strong forward peaking is observed, well above
'1/sin6; the minimum, instead of being at 90° is disp]aced backwards at
~120°; a distjnct but much less pronounced riée is observed in the back-
ward direction. For Z > 10 the strong forward peaking becomes progressively
more gentle, until, around Z = 15 énd above, the angu]af distributions be-
come indistinguishab]e from 1/sin6. At the same time the minimum gradua11y

moves forward from ~120° to 90°.
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A strong enérgy dependence is also observed in the ﬁngu]ar distri-
butions. In all cases the forward peaking is substantia]Ty more pronounced
at the lower bombarding energy. Similarly, the minimum is slightly farther
in the backward hemisphere, at times by és much as 10°, at low bombarding
energy than at high bombarding energy. Yet the forward'peaking appears
to die off just as fast at both energies as.one moveé from Z= 10:to Z=15
dnd above. This overall behavior appears to be consistent with the
hypothesis of an intermediate}comp]ex_diffusing along'the asymmetry mode

while rotating and decaying.

The usual conclusions can be drawn about the decay'and the kinetic
energy dissipation.%’z) They clearly occur on a time scale much shorter
than the mean rotational period. This can be simply inferred from the
forward peaking. On the other hand, the diffusion along the asymmetry
coqrdinate appears to proceed at a much slower rate. The strong forward
peaking observed at Z‘<lb can be explained by noticihgvthat the injection
asymmetry places the system either at the top or to the jeft of the
poiential energy peak. A‘rapid diffusion to thev1eft is.expected which
populates the low Z's quite rapidly and which allows them to decay also
quite rapidly (hence the strong forwardvpeaking). The rapidly vanishing
forward peakinj fdr Z> 10 can be understood in terms df a slow diffusion
to the right which, depending upon the & wave, is either uphill or occurring

on a fairly flat potential energy region.

A fairly consistent picture can be obtained by comparing the present
case with the !N + 1°7510%g and with the “°Ar + !°7,19%Ag. In the former

case, one has strong forward peaking for Z<7 and a rapidly decaying forward
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peaking for Z>7 until a 1/sin6 distribution is observed around and above
Z=13. This is consistent with an injection asymmetry to the left of the
potential energy peak. In the 1attér'Case one observes only a moderate
forward peaking below Z= 18 which is décreasing %6r Tower Z's.  This is
consistent with an injection asymmetry'slightly td the right of the

potential energy peak.

If is not clear what to conclude about the very high Z's, between
say, 20 and 30. While the diffusﬁbn,model proposed by Moretto and Sventeks)
can indeed predict 1/sin® angular distributions without assuming compound.
nucleus formation, it is not possible to conclude to what extent a compound
nucleus is involved in the emission of these products. Only a quantitative

ca]cu]atioh; now in progress, consistently fitting all the available data

for the various reactions can give the answer.

5)’ ~ SUMMARY AND CONCLUSIONS
The present study of the reaction of 2°Ne + !%7519%Ag has revealed
on the one hand gross similarities with previously studied reactions, and

on the other has shown tantalizing differences.

The kinetic energy spectra are characterized by the two typical
components: quaéieelastic and relaxed. The latter component, as in
previous reactions, indicates a nearly complete equilibration of the

kinetic energy. -

The cross section of the relaxed component, as a function of the JA

of one of the fragments shows two interesting features. The first is an
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indication that the cross section depends upon the ratio VZ/T. vThe second
is the shape of the charge distribution, intermediaté between those
obtained in tw6 previously studied reactibns, 1N + lv°"’1°‘3Ag and *°Ar +
107,10970q,  This seems to indicate thét thébsystem remembers the entrance
channel asymmetry and that. the final distribution iﬁvaSymmetries (observed

charge distribution) has been originated through a diffusive time evolution.

Furthervevidence df this diffusion mechanism iijound in the angular
distribution for the various atomic numbers. Large forward peaking, in
excess of 1/sin6 is visible for partic]es close in Z to the projectile.

The decrease in forward peaking for particles farthervrehoved from the
projectile is inferpreted in terms of the increased time lag between initial
interaction and decay, due to the Tonger time necessary to populate Z's
farther removed from the projectile. The stronger forward peaking visible

for 2 <1 .and the rapid symmetrization of the éngu]ar-distribution for

proj |
is taken as an effect of the potential energy of the intermediate

> Zproj

complex upon the rate of diffusion.
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- FIGURE CAPTIONS

Fig. 1. Schematic diagram of the'électronic equipment.

Fig. 2. Examples of the center-of-mass kihetic enérgy distributions
for fragments with atomic numbers close to that of the projectile at
various laBoratory angles. Notice how the/quasi elastic component
vahishes at.]arge angles. Fragments with )arger and smaller Z's are
characterized by Gaussian kinetic energy distributiqns.

Fig. 3. AVefagé center of mass kinetic‘enérgies as a function of Z
for various laboratory angles. The two lines are the calculated
fragment energies arising frmnCoh]omb repu]sion'for two
spheresvin contact and two spheroidS in contact at equi]ibrium

'déformation. | | | |
- Fig. 4. Average center-of-mass kinetic energies and widths (FWHM) for various

Z's as a function of c.m. angle. The widths are ihdicéted by means of

error bars. Notice the slight decrease in mean energy‘and.in'width
with increasing angle, for Z's close to 10. - |

Fig. 5. Laboratory cross sections do| as a functidn of Z at various
laboratory angles. afiab |

Fig. 6. Potential energies of three different intermediate complexes
as a function of .the Z of.one of the‘fragﬁents for various £ waves.
The arrows indicate the injectioh asymmetries associatéd with the
reactions quoted in the figure. | |

. Fig. 7. Center-of-mass angular distributions for thé various fragments.

The lines passing through the data for Z>15 cokrespdnd to W(6)x 1/sind.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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