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Y-RAY MULTIPLICITIES FROM A DIFFUSION MODEL INCORPORATING

ONE-BODY DISSIPATION
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J. 8. Sventek, and L. G. Moretto
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Abstract

Y-ray multiplicities as a function of energy dissipation.
and mass asymmetry have been calculated from a diffusion model
which simultaneously treats energy dissipation and angular
momentum transfér on the basis of partiﬁle transfer. The good
agreement obtained between the model calculations and the
experimental multiplicities for 86Kr—induced reactions on
l07’109Ag,l65Ho and 197Au targets lends credance to the one-

body dissipation mechanism and 2-fractionation along the mass

asymmetry coordinate.

+Present address: Laboratoire de Physique Corpusculaire, Université
de Caen, 14000 Caen, France. '
HPresent address: Physics Department, Pahlavi University,

Shiraz, Iran.
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Recently a good deal of attention has been devoted to the
experimental study of y-ray multiplicitieslv5 in deep inelastic
processes. The motivation for this study is twofold. On the one
hand, one would like to clarify the mechanism of angular momentum
transfer and its relation to energy transfer. There is at present
an open discussion®s7 on the relative contribution of particle transfer
and phonon excitation to the energy and the angular momentum transfer.
On the other haﬁd, an adequate understanding of the angular momentum
transfer méchanism may lead to a determination of the aﬁgular momentum
fractionatioﬁ3along the mass asymmetry cqordinate and thus to a strict
verification of current diffusion‘models.

 Two key quantities must be determined experimentally in order
to shed some light on the above problems, namely, the energy (Q—valﬁe)
dependence of the y-ray multiplicities (and possibly of their second
moments) and the dependence of the y-ray multiplicities upon exit
channel asymmétry, (i.e. the fragment charge or mass.) A large body
of experimeﬁtai data is now available, yet no attempt has been made
so far to interpret these data in terms of a comprehensive theéretical
model. In this letter we report on a first attempt to explain the
experimental data on the basis of a simple diffusion model in which the
energy and angular momentum are equilibrated exclusively through particle
transfer. This-model has already been quite successful in accurately
reproducing the Z-distributions and the angular distributions for
individual Z-values. The most recent modification of the model, to

include the energy and angular moméntum transfer mediated by particle
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exchange, has been described in detail elsewhere.6’8 Therefore, only

a brief outline‘of it will be given befqre comparing its predictions

with experiment. ' . ”
A deeply inélastic collision can be characterized by the entrance

asymmetry Z?, by a total angﬁlar mbmentmn %, and by the interaction time t.

This time is estimated to be‘the>time necessary for the system with no

mass transfer to return to the strong absorption radius under the

influence of the Coulomb and proximity force. The requirement that

the system decays with a given exit channel mass asymmetry determines

the left and right mass transfer rates. These transfer rates can

be used to write a system -of coupled differential equations for the

fragment spins Ii(l,z,t) which can be integrated numerically. The

fragment spins are then weighted over the probability ¢(Z,%;t) that

the system with angular momentum % has diffused to thg asymmetry Z

in a time t. The final result is obtained as the average fragment spins
Il(Z,Ek) and IZ(Z,Ek) as a function of the exit channel asymmetry Z

and kinetic energy Ek'

‘The transformation from the calculated fragment spins to the
Y-ray multiplicity produced by the y-de-excitation of the two fragments
is based upon the. assumption that most of the fragment angular momentum
is removed by stretched E2 decays. More specifically we use the

following transformation:

My = (/) [1,(2),E) + I,(Z{,E)] + 2 a (1

where I1 and I2 are the fragment spins, MY is the y-ray multiplicity

and a is the number of statistical Y—rays.emitted by each fragment.
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10 . . . g
> with heavy ion reactions indicate that q

Compound nucleus stu&ies
ranges from 2.5 to 4 depending upon the nucleus. Because of. this
uncertainty, caution must be exercised in comparing the absolute values
of the calculated and measured multiplicities.

The kinetic energy dependence of the y-ray multiplicities will
be considered first. In Fig. 1 the y-ray multiplicity M&, associated

with both fragments from the reactions l97Au,l65Ho,107’109

Ag + 618 MeV

6Kr, is plotted as a function of the exit channelvtotal kinetic
energy (TKE). Both the experimental and the theoretical Y-ray multi-
plicities have been integrated over a range of exit channel asymmetries
(Z3 = 30-39). The number of statistical y-rays per fragment = was
taken to be 3.

The first observation to be made concerns the comparison between
experiment and calculation. At the highest kinetic energies both the
calculated and experimental multiplicities are low and increase rapidly
with decreasing TKE. The agreement between theory and experiment is
excellent in this region. At the lowest kinetic energies the experi-
mental multiplicities reach a plateau and then slightly decrease again.
The calculated multiplicities on the other hand reach a maximum and
then decrease quite rapidly with the decreasing kinetic energy.

The early rapid increase of M# with decreasing kinetic energy
is due to the rapid transfer of angular momentum associated with the
particle transfer which occurs as the energy of relative motion is
being equilibrated. The plateau in the experimental multiplicities

and the maximum in the calculated multiplicities corresponds to a

regime very close to rigid rotation. ' The drop in the calculations
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(dashed curve) at lower kinetic energies is due to the effect of the -
Coulomb energy (which in thé model is taken to be that of two touching
spheres) and tb the fact that lower angular momenta, in the limit of
rigidly rotating touching sphereé, are associated ﬁith_lower kinetic
energies. The experi?ental values do not show a drop in multiplicity
as large as the theory does because the exit éhannel configuration is
not constrained fo that of two touching spheres. Thus the deep-inelastic
component is spread over an energy range extendiﬁg_well below the
Coulomb barrier. Furthermore, fluctuations in shape and the statis;ical
bexcitation of bending and wriggling modes in the exit chénnelll may
destrdy the simple correlation between kinetic energy and éngular
momentum predicted by odr model at these low energies. |
A second point of comparison is the Z dependence of M# in the

quasi-elastic region. Examples of data and.calculations are shown
| in Fig. 2. The characteristic V-shaped pattern visible in the data
(open symbols) is very nicely reproduced by the calculations. The
qualitative explanation of this pattern is again rather simple. ’
Fragments with Z close to that of the projectile and with substantial
kinetic energy have exchanged, on the average, fewer nucleons than
fragments farﬁher rembved from projectile. Thus less angular momentum
is transferred to the former tﬁan to the latter fragments, giving rise
to the rapid increase of the y-ray multiplicity as one moves away fromv
the projectile in either direction. Such good agreement is consistent
with the.agreement observed between experiment and theory in Fig. 1

at the highest kineﬁic energies. From both of these figures one is

tempted to conclude that particle exchange is sufficient to quantitatively
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explain the dependence of the angular momentum transfer upon kinetic
energy loss without invoking the excitation of giant collective modes.
To definitely conclude whether this is the case or not, additional
evidence is required. Nonetheless, one should note that the same one-
body model which reproduces both the Z distributions and the angular
distributions as a function of Z quite satisfactorily8 also handles
the energy and angular momentum transfer more than adequately.

The final aspect to be considered is tﬂe Z dependence of the
Y-ray multiplicity in the deep inelastic region. Examples of data

197Au 86

and calculations are also given in Fig. 2. (The case of + " Kr,

which is marred by sequential fissionll

at large Q-values is not shown.)
Again the experimental data are reproduced quite well. It must be
emphasized that in this energy region the calculation predicts near
rigid rotation throughout the Z range. Yet the rise of M.Y with
decreasing Z, commonly considered as a fingerprint of rigid rotatiomn,”
is conspicqously absent. The reason for this behavior is to be found
in the angular momentum fractionation along the mass asymmetry
coordinate as first inferred elsewhere.3 The main cause for this
angular momentum fractionation is the dependence of the interaction
time upon £. The high %-waves are characterized by a short interaction
time and cannot spread too far away from the entrance channel asymmetry.
The low %-waves are characterized by longer interaction times and can
populate asymmetries farther removed from the entrance channel.

Consequently, as one moves towards more extreme asymmetries one selects

progressively lower f%-waves.
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Furthermore, at high angular momentum, the driving force is
strongly directed towards higher Z-vélues and inhibits8 any diffusion
towards lower Z-values. As the angular momentum decreases, the driving
force also diminishes and may eQén reverse its sign, thus allowing for
a substantial diffusion to occur in the direction of the low atomic
numbers. Consequently, the Z-values below the projectile are selectively
populated by lower than average f%-waves and hence the lack of rise in
the y-ray multiplicity with decreasing Z.

Recently, fairly large second»moments‘of.the Y-ray multiplicities
have been repor‘ted.5 The present model can' account for abodt-QO_to
707 of the measured values. However, the statistical excitatis; of
bending and wriggling modes in the exit chaﬁnel, postulated by some
of usll to understand both the sequential fission and the y-ray angular
distributions, generates a randomly orientgd component of angular
momentum (13 to 16h/ fragment), which adequately provides the missing
part’of the secon& moments without substantially changing the lst moments.

In conclusion, it appears that both the magnitude and shape of
the experimental data can be adequately reproduced by our model. The
quality of the agreement lends credibility to the one-body dissipation
mechanism. Furthermore, the angular momentum fractionation qualitatively
inferred3 from the experimental data finds here quantitative support.

This work was done with support from the. Division of Nuclear

Science, U.S. Department of Energy. -
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Figure Captions

Fig., 1

Fig. 2

MY vs total kinetic energy (TKE) for the reactions,86Kr (618 MeV)

+ 197Au,165Ho and 107,109

Ag. The‘eﬁperimental data (solid
symbols) have been averaged over 10 Z-values near the projectile
Z and the experimental TKE have been corrected for neutron
evaporation. The theoretical curves (solid and dashed lines)
have been calcﬁlated as described in the text. Only relative
errors are shown for the data points.

M vs Z, for the reactions 86Kr (618 MeV) + 165Ho and

Y 3

107’109Ag. A comparison between experiment (symbols) and

theory (curves) is made for both the deep-inelastic (solid
symbols) and quasi-elastic (open symbols) components observed
in the reactions. The cuts in TKE corresponding to these

two components are given in the far right of the figure.
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