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Angular momentum transfer in the deep inelastic reactions of 237 MeV Ar with Y
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The mechanisms of strongly damped collisions of 237 MeV ' Ar with ' Y have been studied by
measurements of the energy d&stributions and angular distributions of the identified products. Average
gamma-ray multiplicities (M~) and average gamma-ray energies (E~) have been measured for these
reactions. Empirical relationships between (M~). and the average angular momenta were employed to
determine the angular momenta of the primary fragments produced in the reactions. The angular momentum
transfer in the strongly damped collisions increases with increasing angle of emission of the projectile-like
fragment. Evidence is presented that for the lowest partial waves contributing to strongly damped collisions
the condition of rigid rotation is achieved. The use of such reactions to select nuclei of particular (J) is
discussed.

NUCLEAB REACTIONS Y, ( Ar, X), E=237 MeV, deep inelastic collisions;
Measured angular distributions, energy spectra and average gamma-ray multi-

pl. icities, deduced primary fragment angular momenta.

I. INTRODUCTION

The determination of angular momentum trans-
fers in deep inelastic reactions can provide de-
tailed information on the reacti. on mechanism and
on the range of partial waves contributing to the
reactions. ' 4 In this work we have used measure-
ments of the average total multiplicities (M„) and

average energies (E„) of continuum y rays to ex-
tract the average y-ray multiplicities (M„)„of the
heavier partners of the deep inelastic and fission
reactions of "Ar+ "Y at 237 MeV. We then em-
ploy dataon (M„, ) from fusion reactions to derive
the angular momenta of the primary heavy frag-
ments produced in the fission and fissionlike pro-
cesses.

Our results indicate that angular momentum
transfer is a slower process than energy damping,
but that the composite dinuclear system does ac-
hieve the condition of rigid rotation for initial
partial waves just above those leading to fusion.

II. EXPERIMENTAL PROCEDURE

A detector telescope employing a gas ionization
&E detector and an Si E detector' was used to
detect and identify products of the collisions of
237 MeV 'Ar with "Y. Angular distributions and
energy distributions of products with atomic
numbers from 9 to 30 were obtained. Reliable
data for the distributions of lighter products were
not obtained because of problems of target con-
tamination.

In a separate experiment three 7.6 && 7.6 cm
NaI detectors placed at 35', 90, and 135" relative
to the incident beam direction wer0 employed to
detect the continuum y rays in coincidence with

identified reaction products detected at laboratory
angles ranging from 25 to 55". The measure-
ments were normally made with the heavy ion
telescope in the same plane as the NaI detectors
but on the opposite side of the beam. One mea-
surement was made with the heavy ion telescope
at 55 in the plane perpendicular to that containing
the NaI detectors.

Measured response functions of the NaI crystals
were used in the analysis of the pulse height spec-
tra to extract (M„) the average r-ray multiplicity
of the reaction, and (E„) the average y-ray energy.
Both the experimental and analytical techniques
are described in detail in Ref, 6.

III. RESULTS

A. Energy and angular distributions

Observations of strongly damped collisions of
"Ar projectiles with several different target nuclei
have previously been reported. ' ' The same
characteristic reaction features reported in those
studies are observed in the present work. -In

particular, the data show an increasing relaxation
of the product energy spectra with increasing
difference between the projectile mass and the
mass of the observed product, or with increasing
angle beyond the grazing angle. This is obvious
from Fig. 1 where the most probable energies of
Z-identified products are plotted for different
angles of observation. The conversion of the mea-
sured laboratory energies to the center-of-mass
system utilizes the mass of the detected product.
We have assumed that for each Z, the mass is
that of the isotope closest to the line of P stability.
Using the most probable fragment energies, we
have converted the laboratory angular distributions
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FIG. 1. Most probable center-of-mass kinetic energy
for Z identified products. The energies are plotted
against Z for six different laboratory angles. These
energies are uncertain by +5'fo.
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to the center of mass.
The resultant angular distributions (do/d8),

are depicted in Fig. 2. Angular distributions of
products with atomic numbers near the projectile
atomic number are forward peaked, but show a
decreasing angular dependence as the difference
between the projectile and product atomic numbers
increases. For the heaviest products with Z~ 23
it appears that the high angular momentum limit
of a constant der/d8 is reached.

The elemental yield distributions of the strongly
damped products are more easily viewed in Fig. 3
where (do/de), is plotted against product atomic
number at two different center-of-mass angles.
The values plotted were obtained from smooth
lines drawn through the data presented in Fig. 2.
The presence of two different components in the
elemental yield distribution is clearly suggested
by the data: a lower Z component for which both
the centroid and magnitude change with in-
creasing center-of-mass angle and a higher Z
component for which the centroid and magnitude
are independent of the center-of-mass angle. The
shaded region on the plot indicates the apparent
yield distribution of this latter component, assum-
ing it is symmetric.

The lower 2 component exhibits the characteris-
tics of strongly damped reaction processes in
which the width of the Z distribution of the pro-
jectile-like fragments increases and the position
of the centroid of that distribution shifts toward
symmetry as the interaction time (scattering
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FIG. 2. Center-of-mass differential cross sections
do/de. The laboratory data have been transformed us-
ing the most probable energy of the observed distribu-
tions.
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FIG. 3. Center-of-mass elemental yield distributions.
Data are presented for 60' and 120'. The yield of the
lower Z component decreases with angle. The yield of
the higher Z component remains constant.
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For the higher Z component on the other hand,

the constancy of the magnitude and position of the
yield distribution indicates that the scissioning
system has a lifetime long compared to the ro-
tational time of the composite nucleus. 'This
higher component results either from strongly
damped collisions in which orbiting occurs or
from fusion-fission. The magnitude of the yield
suggests that fusion-fission may be an important
contributor to this component.

B. Gamma-ray multiplicities

The results of our y-ray multiplicity measure-
ments are presented in Fig. 4. For detected
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FIG. 5. Average y-ray energy (E&) as a function of
the atomic number of the identified coincident product.
Data were taken with the heavy ion telescope at 55' as
in part {e) of Fig. 4.

fragments with the highest atomic numbers, the
measured reaction y-ray multiplicities are in the
neighborhood of 11.5 for all. measurements in
which the Z-ray detectors were positioned in the
reaction plane defined by the heavy ion telescope.
For detected fragments with intermediate atomic
numbers near that of the projectile, very low
reaction multiplicities are observed at angles
where the energy spectra show little relaxation,
while at larger fragment angles the multiplicity
increases significantly. A large increase in
reaction multiplicity with fragment detection angle
also occurs when products of lower atomic number
are detected, although in these cases the energy
spectra are strongly damped at all angles of ob-

servationion.

In Fig. 5 the average y-ray energies (E„) ob-
served for the spectra corresponding to fragment
detection at 55' are presented. These data are
useful in understanding the relative contributions
of heavy and light fragment deexcitation to (M„) as
is discussed in the following section.
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FIG. 4. Average y-ray multiplicities QVl&) as a func-
tion of the atomic number of the coincident identified
product. Data were taken with the heavy ion telescope
at five different laboratory angles. In parts {a)—{e)
the NaI detectors were in the same plane as the heavy
ion telescope- The data in {f) were taken with an NaI
detector placed perpendicular to the plane containing
the heavy ion telescope.

IV. DISCUSSION

A, Reaction mechanism

Earlier reaction studies using A = 40 projectiles
in the 5 to 10 MeV/nucleon energy range have
demonstrated that both fusion and deep inelastic
processes account for significant fractions of the
total reaction probability. ' """ Some previously
reported evaporation residue cross sections and
fission cross sections are shown in Fig. 6. Inter-
polation of the evaporation residue cross section
measurements for projectiles with energies near
230 MeV suggests that the evaporation residue
cross section in the system studied here should be
-750 mb.

Integration of the yields of the high Z symmetric
component in the distributions presented in Fig. 3
results in a differential cross section (do/ds),
of 42.3+ 5 mb/radian. For a constant (do/d&),
one half of the angle integrated cross section is
66.4+ 8 mb. 'This cross section which constitutes
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FIG. 6. Experimental evaporation residue and fission

cross sections for A = 40 projectiles. Data obtained for
projectile energies near 230 MeV and reported in Refs.
12-16 are shown. The point atA. « = 80 results from
experiments using Ca, the others from experiments
with 40Ar.

at least an upper limit to the fusion-fission cross
section is in good agreement with the trend of the
previously reported fission cross sections as
shown in Fig. 6. Adding this cross section to the
interpolated evaporation residue cross section
leads to an estimated fusion cross section of
810+ 100 mb. Applying the sharp cutoff approxi-
mation suggests a limiting angular momentum for
fusion of (75+ 5)A. .The grazing angular momentum
for this system is expected to be 116K

'There are then many partial waves available for
which strong interactions not leading to compound
nucleus formation can occur. Various models have
been proposed to describe such strongly damped
collision processes. ""' Models based on
macroscopic approaches employing the concepts
of friction and diffusion have provided some signi-
ficant insights into the reaction mechanism. 'The

link between the macroscopic features and micro-
scopic behavior is still being explored. " One of us
(C.C. ) has developed a code based upon the friction
model approach but including particle transfer and
its effect on the projectile trajectory during the
damping process. 'This code has been very suc-,
cessful in describing the cross sections'and mass
distributions for deep inelastic reactions of lighter
systems. "

Applied to this system, the calculation of
Cerruti predicts a limiting angular momentum for
fusion of 66K in reasonable agreement with the
estimate based upon our interpolation of evapora-
tion residue cross section measurements. For
higher partial waves fusion does not occur, but
partial waves near the fusion limit undergo large
angular deflections corresponding to long inter-
action times in which large changes in the mass

67
IQI l I I I I I I I I I I )
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FIG. 7. Calculated mean angular distribution for
projectile-like fragments. The arrows indicate the
center-of-mass angle associated with particular incident
partial waves. The solid points show the experimental
cross sections determined for the lower Z component
of the yield distribution of strongly damped collisions
as observed in Fig. 3.

distribution, the kinetic energy, and the orbital
angular momentum are predicted.

In particular, the calculated mean center of mass
angular distribution of the proj ectile- like f ragments
is shown in Fig. 7. For the partial waves just
above the fusion limit the calculation leads to tra, -
jectories which orbit through 0'. The scattering
angle and differential cross section calculated for
some particular partial waves are indicated by
arrows in the figure. Neglecting fluctuations,
products observed at large scattering angles are
predicted to result from partial waves near 67-68
immediately above the calculated fusion limit.

For comparison with these predictions, cross
sections obtained by integration of the yields of
elements in the lower Z component in the distri-
butions of fissionlike products are also shown.
The resultant cross sections (do'/de), at four
different c.m. angles, presented in Fig. 7, are
found to be approximately twice as large as those
calculated, but to decrease at essentially the same
rate with 8, . 'This result suggests that the cal-
culation provides a good approximation to the ex-
perimental mean deflection function but that the
actual interaction times may be slightly longer
than those calculated.

B. Angular momentum transfer

A particular goal of the present experiments was
to employ multiplicity measurements to study
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FIG. 8. Average y-ray multiplicities as a function of
mass and average angular momentum. The measured
multiplicities reported for compound nucleus deexcita-
tion (Refs. 6, 22-27) are presented. The dashed lines
indicate the assumed contours of constant multiplicity
which have been utilized in this work.

angular momentum transfer in the strongly damped
collisions. In order to obtain information on the
angular momenta of the products of strongly damp-
ed collisions, it is first necessary that individual

product multiplicities be deduced from the mea-
sured reaction multiplicities. Following that, the
conversion of multiplicity to angular momentum

can be made if the rel. ationship between the two

is known.
Some data relating y-ray multiplicity and angular

momenta are presented in Fig. 8. '" -"
. This figure

is a contour diagram of the results of recent mea-
surements of (M„) for a number of fusion reactions.
'The data are plotted as a function of the mass and

the average angular momentum of the deexciting
compound nucleus. 'The values of (J) have been
determined by applying the sharp cutoff model to
measured fusion cross section data where such
data are available. In the absence of the appro-
priate cross section data, the values have been
determined from a Bass model calculation of the

limiting angular momentum for fusion. 'This

figure differs only slightly from that presented in

Ref. 28.
It is clear from the figure that the y-ray multi-

plicities are relatively sensitive to angular mo-
mentum for A ~ 70 and relatively insensitive to
angular momentum at lower masses. Presumably
this insensitivity at lower masses reflects the
importance of the particle emission cascade as a
means of angular momentum dissipation.

The excitation energies of the compound nuclei
for which data are presented in F ig. 8 vary con-

siderably. Since the multiplicity for a particular
(J) can also depend somewhat on the excitation
energy, it would clearly be advantageous to have
additional data to construct a more refined (M„)
versus (J) calibration plot. Insufficient data. are
now available. However, in view of the fact that
thermal equilibrium appears to be a very good
assumption in completely damped collisions, " the
excitation energies of the heavier reaction products
studied here should in fact be quite comparable
to those for which the multiplicity data presented
in Fig. 8 were taken.

Thus, the dependence of (M„) on Ac„and (4) as
expressed in the contours of Fig. 8 is the basis of
our translation of product z-ray multiplicities to
product angular momenta. Inherent in this ap-
proach is the additional assumption that the multi-

plicity reflects the average angular momentum and

that differences between the angular momentum
distributions of the compound nuclei produced in

fusion reactions and those of the nuclei produced
in deep inelastic reactions do not significantly alter
these p-ray multiplicities.

It should be emphasized that even though the
average angular momenta are determined from
measurements of (M„), the effects of particle
emission or fission on the observed multiplicities
are automatically taken into account by the cali-
bration technique.

The utilization of the information in Fig. 8 clear-
ly requires that the individual product multiplici-
ties be known. For the system studied here, two

methods of separating the measured reaction
multiplicities into individual product multiplicities
may be employed. In the first, it is simply nec-
essary to recognize that for nuclei with mass less
than —50 the y-ray multiplicity is essentially in-
dependent of angular momentum. 'Therefore in

asymmetric breakups in which one of the final
partners has a mass number less than 50, the
contribution to the reaction multiplicity from that
partner can be determined with relatively small
uncertainties. For symmetric breakups the aver-
age multiplicities of the two partners should be
identical. Since symmetric breakup for the sys-
tem studied here leads to mass numbers in the

range of 65, for products in the mass number
range 50-65 a reasonable multiplicity estimate
could be made by interpolation observed for mass
50 and mass 65 products assuming a smooth
variation with mass.

In the second method a quantitative decomposi-
tion of the reaction multiplicities (M„)„and (M„)l,
associated with the heavy and light fragments is
made possible by the fact that the average y-ray
energies of the products of interest in this investi-
gation are a function of the mass number. This is



20 ANGULAR MOMENTUM TRANSFER IN THE BEEP INE jLASTIC. . . 987

(M„)„(E„)„+(M„),(E„),= (M„)(E„),

(M„)„+(M„),= (M„)

(1)

(2)

illustrated in Fig. 9 where various data on the
average energies (E„) are presented as a function
of the mass of the y-decaying nucleus. "' ' "0

We assume once again that the mass of the de-
tected fragment corresponds to the line of P sta-
bility and therefore that both masses ma, y be
determined from the measured atomic number
with sufficient accuracy to determine the average
energies (E„)z and (E„)z from Fig. 9. We then use
the relationships
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to extract the multiplicities (M„)z and (M„)z from
the measured reaction multiplicity (M„).

In Fig. 5 the average y-ray energies of the y
spectra observed in coincidence with fragments
detected in the telescope at 55' to the beam direc-
tion were presented. The data are the same as
those from which the values of (M„) were obtained.
We have represented the (M„) and (E„) data by
smooth functions through the experimental points
and then decomposed the multiplicity according to
Eqs. (1) and (2). The results of such an analysis
are presented in Fig. 10. The solid circles in that
figure represent the multiplicities (M„)„of the
heavier reaction partner. For large mass asym-
metries, the major fraction of the y rays clearly
result from the heavier products. The lighter
partners have low multiplicities -2 to 3 over a,

wide mass range. As mass symmetry is ap-
proached, the sudden decrease in (M, )z and the
increase in (M„)~ occur near entrance into a mass
region where the multiplicity becomes more sensi-
tive to mass changes and less sensitive to angular
momentum changes.

Note that the values of (M„)z which are derived
by this method are in fact consistent with the ex-
pectations based on Fig. 8. In the region of product
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FIG. 9. Average p-ray energies as a function of mass.
Data are from'Hefs. 6, 22-27, 30.
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FIG. 10. Decomposition of the reaction multiplicity
(M&) . The method described in the text has been applied
to the smoothed average y-ray multiplicities to extract
the multiplicities (M&)z and (M&)z of the two fragments
produced in the deep inelastic reactions. Data are those
of Fig. 4(e).

atomic number 10-20 (mass range -20-40) the
multiplicities (M„)~ are close to 2.5, and the reac-
tion multiplicities are dominated by (M„)„. As the
mass split becomes more symmetric the values
of (M„)z and (M„)z converge. It is certainly ex-
pected that for very la,rge angular momenta there
can be significant changes in (E„) The obser. ved
trends'"" for compound systems in the mass re-
gion near A = j.00 indicate that such shifts are not
important in the range of fragment angular mo-
menta encountered here. 'This interpretation is
further supported by the consistency between the
analysis employing (E„) and the trends indicated in
Fig. 8.

Using the derived values of (M„)z and the cali-
bration data presented in Fig. 8, we have deter-
mined the. angular momenta of the heavy primary
fragments. These angular momenta are plotted in
Fig. 11.

The large increase of fragment angular momen-
tum with increasing asymmetry of the scissioning
composite nucleus indicates that the system ap-
proaches a sticking condition. In the limit, such a
condition is expected to lead to a rigid rotation of
the composite system in which the initial orbital
angular momentum is partitioned according to the
moments of inertia of the fragments and of the
composite system. "
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of atomic number. Data are presented for five different
laboratory angles. E rror bars are omitted for clarity
but the relative errors should be comparable to those
presented in Fig. 4.

Is rigid rotation in fact achieved in this system?
'To answer this question we note that the inforrna-
tion on f ragment kinetic energies presented in
Fig. 1 can be employed to provide information on

the scission shape and therefore on the relative
moments of inertia of the composite nucleus.

We assume a shape parametrization of the scis-
sioning system consisting of two ellipsoids in con-
tact along the direction of their major axes. For a
rigidly rotating system, the observed total kinetic
energy of the fragments should be a combination
of the Coulomb and rotational energies

zp, e' 8'l(l+ 1)
d 2pd

(3)

where l is the initial orbital angular momentum,
d is the separation distance of the fragment centers
at scission, and f (also a function of d), is the
ratio I,/(I, +I, +I,) where I, is the moment of in-
ertia of the composite system and I, andI, are
the fragment moments of inertia. We note that E~
depends upon both l and d.

Application of momentum conservation to the
evaporation-corrected fragment kinetic energy
data presented in Fig. 1 allows us to determine .

the experimental total kinetic energies as a func-
tion of mass asymmetry. For different assumed
values of / and experimental kinetic energies E~,
Eq. (3) may be used to determine both d and f. The
derived values of d, using the model, indicate that

the ratio of semimajor to semiminor axes of the
heavier fragment ranges from 1.5 at symmetry to
1.3 for the most asymmetric splits reported.
Since the intrinsic angular momentum of the frag-
ments is (1-f)f and is split between them accord-
ing to the individual moments of inertia, it is
possible to calculate (Z)„ for each assumed value
of l.

In Fig. 12 the results of such calculations for
l =40, 70, and 100 are presented as dashed lines.
The experimentally determined values of (Z)„
corresponding to detection of the projectile-like
fragments at 55 in the laboratory are also plotted.

he error bars represent only errors on the
multiplicity determination. No uncertainty in the
multiplicity to angular momentum conversion is
included.

Over the entire product mass range, the varia-
tion of (Z)s with mass asymmetry and the magni-
tudes of (J)„are in very good agreement with the
values calculated for rigid rotation of a composite
system formed in collisions with projectile partial
waves near 70.

Since the products corresponding to near sym-
metric mass splits may result from fission of the
compound nucleus, the results indicate that such
fission would occur predominantly from the com- .

40
I I I
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100 'h
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FIG. 12. Comparison between experimental and calcu-
lated values of (J)z. Data from observation of the pro-
jectQe-like fragment at 55' are indicated by solid cir-
cles. Calculated values for three different assumed
initial angular momenta were obtained by utilizing the
fragment kinetic energy to provide information on the
nuclear deformation and assuming r igid rotation of the
deformed system. The value of 70~ is very close to the
limiting angular momentum for evaporation residue
production.
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pound nuclei with the highest angular momenta.
For the other nuclei which result from strongly
damped collisions, the results indicate that the
products observed at 55 are indeed produced in
col1.isions with projectiles having orbital angular
momenta near the sharp cutoff fusion limit and
further that rigid rotation is in fact achieved.

The decrease in apparent multiplicity when the

z rays are observed perpendicular to the reaction
plane indicates an alignment of the y-emitting
nuclei. The magnitude of this alignment is diffi-
cult to determine without detailed information on
the nature of the y-ray cascade. 'The recent deter-
minations of the multiplicity and multipolarity'""
of Z rays emitted in the deexcitation of the com-
pound nucleus "'Te lead to the conclusion that the
y cascade is approximately 60% stretched quadru-
pole and 40% stretched dipole for nuclei having
angular momenta such as those indicated for the
heaviest fragments we have investigated. For
100%alignment perpendicular to the reaction plane,
such a cascade would lead to an in-plane to out-of-
plane anisotropy, &u(90')/e(0 ) = 1.8. The measured
anisotropy associated with fragments detected at
55' is 1.3, indicating that there is in fact a strong
fragment- alignment even after particle emission.

Glassel et a/.' have previously reported values
(M„) for the reactions of 175 MeV "Ne and Ag.
Since nearly the same composite system is formed
in that system as in the system which we have
studied, it is possible to apply a very similar
analysi s.

The reaction multiplicities reported for detection

237 MeV Ar + Y
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of products at 8~ = 90' have been separated into
(M„)„and (M„)~ by assuming that (M„)~, which is
very insensitive to angular momentum, follows
the same trend with mass asymmetry as that
determined for the 'Ar+ "Y collisions. From
(M„)„we have obtained (Z)„ from the calibration
data in Fig. 8. The results are plotted in Fig. 13.

Babinet et al. '4 have reported measurements of
the kinetic energies for the products of strongly
damped collisions of 175 MeV "Ne with Ag. From
these values E~ may be obtained. 'The expected
values of (J)„can be determined for different
assumed values of l. The line in Fig. 13 repre-
sents the results of such a calculation for an initial
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FIG. 13. Comparison between experimental and cal-
culated values of (J)H for the reaction175 MeV Ne+Ag.
The analysis utilizes the fragment kinetic energies and
the assumption of rigid rotation as described in the text.

I i I
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FIG. 14. Calculated properties for strongly damped
collisions of 237 MeV . Ar with ~Y. Diffusion model
calculations were performed by %'-olschin. Part (a) de-
picts the average initial partial wave leading to projec-
tQe-like products of products of particular atomic num-
ber. In part (b) the solid line shows the calculated angu-
lar momentum loss b,I as a function of the initial par-
tial wave. The dotted line shows the same property
calculated in the model of Cerruti (Ref. 20). Both cal-
culations are for the initial mass asymmetry. The
dashed line indicates the limit of rigid rotation. Part
(c) presents the calculated variance of the Z component
of the angular momentum distribution as a function of
the incident partial wave.
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orbital angular momentum of 55k 'The experi-
mental limiting angular momentum for fusion in
this system has been reported to be (57+7)S."
Here again, the results indicate that the angle of
observation has selected partial waves near the
fusion limit and that rigid rotation is reached in
such collisions.

Recently Wolschin and Norenberg" have pro-
posed a model in which the transfer of angular
momentum from collective to intrinsic modes is
treated as a diffusion process in the same manner
as previous treatments of energy and mass trans-
fer.

The starting point for such a calculation is the
variation of interaction time of the projectile and

target nuclei with incident partial wave. Such
information maybe extracted from an experimental
mean deflection function of the projectile-like
fragment or alternatively may be obtained from a
suitable dynamic calculation. Since the calcula-
tions of Cerruti are in good general agreement
with the basic features of the deep inelastic pro-
cesses, interaction times determined from the

dynamic calculation were employed as input to the
diffusion calculation. The results of the calcu-
lation are shown in Fig. 14. In part (a) the average
partial wave leading to a particular element is
plotted versus the product atomic number. In

part (b) the change && in the initial orbital angular
momentum is plotted for each partial wave, while
in part (c) the variance of the fragment M distri-
bution is plotted. For the latter two plots, the
calculations have been made for a mass asym-
metry which is the same as that of the entrance
channel. 'The prediction of the model that rigid
rotation is achieved for partial waves near 685 is
consistent with the results of our experiments.
The model also predicts variances of the Z com-
ponent of the angular momentum distribution of
40 when this condition is achieved. These varia-

nces have not been determined in the present
experiment, but information on the variances would

certainly be useful since the present data indicate
that deep inelastic reactions for systems having
appreciable fusion cross sections might be very
valuable as a means of preparing excited nuclei
with well defined high angular momenta. The study
of high spin states of nuclei might be significantly
simplified by the use of such reactions.

In this regard, we note also that it is expected
that angular momentum fractionation occurs as
shown in Fig. 14(a). That is, that the average
partial wave leading to a particular product mass
will vary. Thus selection of a particular mass
fractionation might be considered as a means of
selecting partial waves. Indeed earlier analyses' "
of the y-ray experiments represented in Figs. 12
and 13 were interpreted as providing evidence for
rigid rotation and also for angular momentum
fractionation. While fractionation can be import-
ant, the present analysis using a somewhat im-
proved (M„) calibration and relying on the frag-
ment kinetic energies to provide information on
the scission shape indicates that in fact the frag-
ments observed at large 8~ do result from a very
narrow range of partial waves. Thus for light
's'ystems with orbiting type deflection functions,
the selection according to angle is a better tool for
choosing partial waves.
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