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Large fragment (A>4) prgductign at high angular momentum is studied via
the reaction, 200 Mev *5Sc + 55Cy, Comparisons of the fragment yields
from this reaction (high angular momentum) to those from b + Be {Tow
angular momentum} are used to verify the strong angular momentum depen-
dence of large fragment production predicted by equilibrium models.
NDetails of the coincident y-ray distributions not only confirm a rigidly
rotating intermediate but also indicate that the widths of the primary L-
wave distributions decrease with increasing symmetry in the decay chan-
nel. These data are used to test the asymmetry and L-wave dependence of
emission barriers calculated from a rotating, finite range corrected,
Tiquid drop model.

I. INTRODUCTION

The object of studying heavy ion induced fission is to determine the magni-
tude and L-wave dependence of the fission barrier. For any value of the angu-
Tar momentum the symmetric fission barrier can be considered as the central
point in an ion-ion potential energy surface which extends into the mass asym-
metry degree of freedom, It is this potential energy surface which determines
the fate of a compound nucleus and will influence the pathway of non-compound
reactions. Figure 1 depicts the topology of such a surface for a system of
total mass and charge near those of 110sq,

Most fission studies do not explicitly consider the asymmetry coordinate but
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rather consider all near symmetric divisions as one decay channel. While there
is some justification for this procedure for highly charged or rapidly rotating
nuclei, where there is a deep symmetric valley in the potential, it is highly
questionable when this feature in the potential is not present. Nevertheless,
the asymmetry independent analyses have proven quite useful in that they
provided the first evidence indicating the importance of a finite range (FR)
correction to the standard rotating liquid drop (RLDM) barriers.1*3 This
correction amounts to a reduction of the symmetric RLDM barriers by approxi-
mately 25% in the A ~ 110 region.

More recently, the study of the emission of large fragments, intermediate in
mass between alpha particles and symmetric fission fragments, from compound
nuclear reactions, has been used to determine the emission barriers as a func-
tion of asymmetry.4-6 This recent work utilized light ion systems and there-
fore the features of the potential energy surface examined are those in the low
L-wave region. In the mass range of A ~ 110, the broad region where the
barriers are independent of asymmetry (see Fig. 1) has indeed been verified
by showing that the barriers for Z ~ 12 are very close to those deduced from
a standard fission studyz, which considers fragments near symmetry, This
agreement and an asymmetry dependent comparison of FR and RLDM barriers to
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FIGURE 1
Surface plot of thg asymmetry and angular momentum dependent barriers for
the decay of 110sn™ calculated with a finite range corrected rotating liquid
drop model,
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those deduced from the experimental data gave additional evidence of the
importance of the FR correction.® Further asymmetry dependent studies have
verified that the Businaro - Gallone transition does indeed occur in the
vicinity of A ~ 100.7

The work discussed above, however, does not address the subject of the angu-
Tar momentum dependence of the emission barriers. The present work does con-
front this issue by comparing the yields of large fragments, from both low and
high angular momentum reactions, to equilibrium catculations which utilize
angular momentum and asymmetry dependent emission barriers., These barriers are
extensions of the previous work by Sierk® and are those shown in Fig. 1.

A second feature of the present work is a comparison of the experimental
gamma ray multiplicity distributions (My(z)) to transferred spin distributions
calculated from the same equilibrium model used to predict the fragment yields.
The barriers seen in Fig. 1 determine the L-wave fractionation (L-wave distri-
bution contributing to each exit channel). These distributions, coupled with a
rotation model, provide predictions of the transferred spin distribution for
each asymmetry. The comparison of these distributions to the measured My(z)
distributions not only provides information on the rotation regime at the
scission point but also on the width of the primary L-distributions corre-
sponding to each decay channel.

I1. EXPERIMENTAL METHODS

The new experimental data reported here involve the 45sc + 65¢y system,
Self-supporting 65¢y target foils {enriched to 99.7% in the mass 65 isotope and
320-450 ug/cm? thick) were bombarded with a 200-MeV 45Sc beam from the Holi-
field Heavy-lon Research Facility. 1In this experiment the intermediate mass
fragments were detected by two large solid angle telescopes with ion chambers
as the AE detectors and Si{Li) as the E detectors. FEach Si(Li) detector con-
sisted of four strips (1.1 cm by 4.6 cm) that were position sensitive in the
long direction., The telescopes subtended 18° in the laboratory system and each
was centered at both 40° and 55° from the beam direction during the experiment.

The spin spectrometer served as the y-ray detector and measured simulta-
neously the y-ray multiplicity (MY), the total y-ray de-excitation energy and
the y-ray angular correlations. In this experiment 70 of the 72 detectors were
used, covering 94.5% of 4n sr. For each event triggered by either ion chamber
the Nal pulse heights, Nal times as well as the AE, and E pulse heights, the
silicon position, the e~ drift time in the ion chambers, and the time for each
Si(Li) strip were recorded on magnetic tape. The data were processed to
distinguish y-rays from neutron pulses (utilizing time of flight information)
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and to unfold the total y-ray pulse height versus number of y-ray hits (k) to
yield total Ey versus MY (see ref, 8 for the details of these procedures).

III. EXPERIMENTAL RESULTS

The angular distributions for the kinetic energy relaxed component for
several representative elements are shown in Fig. 2. Due to the constraints
imposed by the small scattering chamber inside the spin spectrometer and the
large ion chambers, the angular distributions were obtained only over a modest
angular region, Over this region, most of the angular distributions are com-
patible with a 1/sin(8) function (solid lines), The distributions for the
higher Z's do show some evidence for an enhanced forward peaking in excess of
the 1/sin(8) curves. This might suggest the presence of a non-rotationally
relaxed component (deep inelastic scattering) which is important for the for-
ward angular region for the heaviest, most symmetric elements. More extensive
angular distributions for fission-like fragments have been reported for 200 and
215 Mev 35¢1 + 62Ni, In that workz, substantial agreement with a 1/sin(9)
distribution was observed for the symmetric mass fragments. In the present
work we will compare only experimental differential cross-sections at epy ~ 90°
to equilibrium calculations. This is tantamount to assuming that there is not
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FIGURE 2
Center of mass angular distributions for B, N, Na, Al and Ci. Statistical
errors are approximately indicated by the size of the symbols. The solid
lines are 1/sin(e) functions.
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a significant contribution of other processes (DIC) contributing at sy = 90°,
which is more than 25° behind the classical grazing angle.

The mean fragment energies (E3cy) and total kinetic energies (TKE) for the
energy relaxed component are shown in Figure 3 as a function of detected
charge. The momentum balance was performed assuming that the mass associated
with each charge was that derived by equilibrating the charge for a given mass
split in a liquid drop model, These data have been corrected for sequential
evaporation in the event-by-event analysis. This correction assumed that the
available excitation energy was divided between the fragments in proportion to
their masses, 12 MeV is removed per evaporated mass unit and that, on the
average, the fragment velocity is unaltered by the evaporation process. These
assumptions lead to the conclusion that the lightest fragments do not undergo
any particle evaporation while the medium to heavy fragments evaporate 1 to 3
particles, The magnitude of the sequential charged particle evaporation can be
examined for the symmetric region where we have coincidence data. The detec-
tors were located symmetrically about the beam (either both at 40° or both at
55°) and therefore we only have coincidence data near symmetry. A contour plot
of the probability of detecting fragments with atomic numbers Zz and Z, is
shown in Fig, 4, This plot indicates that approximately 90% of the events near
symmetry have no charged particle evaporation and what charge particle evapora-
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FIGURE 3
Center of mass mean energies as a function of atomic number. The solid line
is the calculation described in the text,
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tion there is, is protons. The overwhelming predominance of neutron evapora-
tion from the secondary fragments agrees with standard evaporation calcula-
tionsd at the estimated excitation energies of the primary fragments,

The differential cross sections, near 9cn = 90°, for fragments with atomic
numbers between Z = 1 and I = Zgyy are shown in Fig. 5 as the solid symbols.
The cross section for Li is about a factor of 200 lower than that for o~
particles, The cross sections remain at this relatively low value for elements
lighter than Ne, For heavier elements, the cross sections steadily increase
until a broad maximum is obtained near symmetry. We mention again that these
data are the kinetic energy relaxed component and therefore these cross sec-
tions do not contain contributions from quasi-elastic or transfer reactions,

In the low cross section region (3 < Z < 11) a strong enhancement of frag-
ments with even atomic numbers over fragments with odd atomic numbers is
observed, Careful study of the cross sections indicates that the even enhance-
ment continues up to Z = 20, Exhaustive evaporation calculations over the
range of possible excitation energies of the primary fragments indicate that
only small (<10%) enhancements of even atomic number fragments can result from
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4, Contour plot of the probability of detecting two fragments, one with charge
13, the other with charge Zj. The two detectors are at equal angles on
opposite sides of the beam, therefore, the coincidence efficiency is large
only over the near symmetric region,

5., Differential cross sections (angles indicated) for the 45g¢ + 65¢y (solid
symbols) and 93Mb + 9Be (open symbols) systems. The solid lines are the
calculations described in the text.
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He, Li, Be, £, Ne, S, and Ti fragments.
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b) Calculated transferred spin distribu-
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a sequential process., It should be realized that the total charge is even (50)
and for that matter so is the total number of neutrons (60). Therefore, two
body decay of a completely fused system results in even-even or odd-odd Z
pairs. (It is interesting to note that very few of the low energy studies of
fragment charge distributions have this feature. Most studies have used an
even Z projectile and an odd, monoisotopic, 7 target.) The occurrence of
doubly even pairs suggests an explanation for the persistence of the even
enhancement beyond the light Z region.

As mentioned earlier, the y-ray data were analyzed to provide the total vy-
ray energy, M, as well as the individual y-ray energies. The M, distributions
for selected elements are shown in Fig. 6a, The distributions for the lighter
elements are broad with the most probable values being significantly greater
than the average values. As the atomic number increases, the MY distributions
become narrower and more symmetric and move to lower mean MY values,

In order to relate the y-ray multiplicity distributions of Fig., 6a to
transferred spin distributions we must investigate the distribution of y-ray
multipolarities emitted in the reaction. We have not undertaken a detailed
study of this point, however we can answer the question of what asymmetry
region is consistent with a preponderance of stretched E2 transitions.10
Figure 7 shows the distribution of y-rays in the plane perpendicular to the
beam. The fragments were detected near ocy = 90° at an azimuthal angle of ¢ =
145°, The y-ray distributions for elements that are more than one charge
removed from 8 show the distinctive stretched £E2 form.1l The distributions for
nitrogen and fluorine indicate an increased proportion of multipolarities other
than stretched E2 and that for oxygen shows no angular dependence at all. This
variation of the multipolarity mixing is undoubtedly due to the influence of
the N = 50 shell in the heavy partner. The complimentary fragment to 16g js
92Mo5 (the most probable sequential decay is 2n).

The similarity of the y-ray angular distributions, when the fragment is not
close in charge to oxygen, suggests that the functions that convert My to
transferred spin, I3 + Iy, should be similar, On the other hand, around Z = 8,
the conversion function may be substantially different.

IV, CALCULATIONS AND DISCUSSION

The purpose of the present work is to gain insight into the angular momentum
dependence of large fragment production from compound nuclei. Unfortunately,
the introduction of large L-waves inevitably raises the issue of the relative
importance of faster reaction mechanisms where the mass asymmetry degree of
freedom has not been completely explored. In order to minimize this problem we
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have chosen a low beam energy and we will emphasize data far behind the classi-
cal grazing angle. For the 200 MeV Sc + Cu system, the Bass mode?12 predicts
that the critical L-wave for fusion is 70 ., Since the grazing L-wave is
approximately 80 h, 75% - 80% of the reaction cross section is expected to
fuse., Of the remainder, some fraction is quasi-elastic or transfer reactions
and therefore is eliminated from our data by our relaxed energy requirement.
The difficulty lies in a component that is kinetic energy relaxed but where the
mass asymmetry degree of freedom is not, As stated above, we will emphasize
the data at backward angles in order to bias against this deep inelastic com-
ponent, which should be focussed around grazing angle., However, even with this
bias, against what we suspect to be a small component, we cannot be confident
that all of the detected large fragments result from compound nucleus decay.
While the flat angular distributions do suggest a long-lived intermediate,
angular distributions (even a 1/sin(9) dependence) cannot be used to prove that
the intermediate has lived Tong enough to equilibrate the mass asymmetry degree
of freedom. Nevertheless, since the great bulk of the cross section must
result from compound nucleus decay it is instructive to compare these data to
equilibrium calculations,
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FIGURE 7

Angular distribution of y-rays emitted in the plane perpendicular to the
beam for events triggered by fragments detected at ¢ = 145°, Statistical
errors are indicated by the size of the data points. Systematic errors, in
the efficiencies of individual Nal's, which are larger than the data points
are present. The lines are drawn to guide the eye.



140c¢ L.G. Sobotka et al. | Angular momentum dependence of complex fragment emission

A. Statistical Model

The model used here is similar to that used in previous complex fragment
emission studies.#»5:7 This model is an extension of the traditional fission,
transition state formalism to explicitly treat the mass asymmetry coordinate,
This model was originally suggested by Morettol3 and more recently by
Swiatecki. 14 This model, with a few minor changes, has also been used recently
in an effort to understand large fragment production in intermediate energy
systems (35 MeV/nucleon 86kr + 12¢, 17a1; ref, 15).

The initial angular momentum distribution of the compound system is taken as
a diffuse triangle,

ooN(L) = mx2 F(L) (2L+1), (1)
where F(L) is a Fermi function,
1
F(L) = ———————,
1+ elbth)/La

The value of Ly is the minimum of the critical angular momentum for fusionl2 and
the maximum possible angular momentum in the system, taken as that for a grazing
collision. The diffuseness is taken as 2 H. The cross section for each charge is
calculated from

oz(L} = agpn(L) Tz(L) / Tygp(L) (2)
where
2

] exp {2LaE*on(L) - B(L))1Y2-2[a(E*cy(L) - Bp)]

—e 1/2}
* X
£ en(L) = Bz(L)

=
Tz Trreen(l) - By
' Tp

The excitation energy of the compound svstem i3 given by
E*CN(L) =Em+ Q- EFOt(L), where EMOt(L)is therotating ground state energy as
determined by the rotating liquid drop model. The temperatures are calculated

from the available excitation energy, U = E* - B = aT with a = Ato1/7.1 Mey-1
(ref. 16). The angular momentum and mass asymmetry dependent barriers, Bz(L),

come from the FR calculation while the neutron binding energy (B,) is from a
LDM.

The main difference between these calculations and those reported in pre-
vious works#s5s7 is that the mass asymmetry and angular momentum dependent
barriers for fragments with Z > 2 come from a finite range corrected liquid
drop model rather than from a sphere-sphere or a spheroid-spheroid model. This
improvement removes the distance between centers of the nascent fragments as a
free parameter, This variable was adjusted in previous works in order to
obtain agreement between the experimental TKE and the sum of the Coulomb and
relative rotational energies of the fragments. Since we do not have this para-
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meter in the present work, we can then compare not only the fragment cross sec-
tions but also the kinetic energies to the model calculations.

A minor modification in the model calculation is that the multi-step
emission is now considered, Emission from any of the light particle decay pro-
ducts in a 5(Z) x 5(N) block of the Segre chart (CN in upper right hand corner)
is considered, With the exception of the light particle cross sections and the
highest energies of the excitation functions, this amounts to less than a 15%

correction,
TABLE 1

System E CN £ (1y (2} (3) 4) | ref.
1ab Le Ly | X y (LS
(Mev) mev) | (F)

3He + Natag| 45 11n | 60 13 20 | 0.43]0.01 (13)| 4,5
60 74 15 24 0.01 (15)
70 84 17 2 0.01 (17)
90 103 19 31 0.01 (19)
130 142 24 38 0.02 (24)

93np + Jge | 782 102pn | 78 3 43 | 0,40 0,05 (34)] 7

35¢7 + 624 [ 155 pn | 86 59 68 | 0.42|0,16(59) | 2
160 89 62 71 0,18(62)
165 92 62 74 0.19(64)
170 95 65 77 0.20(65)
200 115 73 91 0.25(73)
215 124 78 97 0.28(78)
455c + 65¢y | 200 1%85n 9 70 80 | 0.45] 0.12(60) | present
L17(70) work
.22(80)

(1) The critical angular momentum for fusion given by the Bass model.12
(2) The maximum angular momentum for a grazing collision.

(3) x = 22/50A

(4) y = 2.2/A7/3

B, Particle Yields and Energies

Table 1 lists several systems in the mass 100 region which can be used to
test our model calculations., The systems include 2 low angular momentum
systems, 3He + "TAg and 93Nb + YBe and two high angular momentum systems,
35¢1 + 62¢u(2) and 45sc + 65Cu. The low angular momentum systems are sensitive
to the portion of the barrier surface which is insensitive to asymmetry over
the central region, while the high angular momentum are sensitive to the whole
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surface shown in Fig., 1.

Cross sections for individual elements are not reported for the 3501 + 62y
system so we will not make a detailed comparison for these data. However, this
work? does report both the evaporation residue cross section {opg) and the
yield of symmetric fragments, which we will call of, as was done in ref, 2,

The measurement of both cross sections allows us to check the angular momentum
window used in the calculation (Bass model) against the experimentally deter-
mined L., as well as the symmetric fission cross section. This comparison is
made in Table 2. The values of Lc(Bass) are within 2 h of those determined
from the data, In fact, the predicted ocp are within the experimental uncer-
tainties. This provides some confidence that the angular momentum windows used
in the present work are appropriate. The values of of are calculated by
summing the yield from Z = 10 to Zsym- (The lower 1imit in the sum is not that
important since the cross sections are decreasing steeply with decreasing Z.)
The calculated cross sections agree with the experimental values and the
reported uncertainties for 5 out of the 6 determinations. The sixth cross sec-
tion deviates by 2 times the quoted error,

TABLE 2

Cross sections and critical angular momenta for the 350y 4+ 62y system,

E1ab(MeV)
155 160 165 170 200 215
pata?
IER 998 = 70 1089 = 76 1091 + 76 960 + 70 956 + 70

of (data) 45+9 78 15 114 + 22 126 + 24 340 £ 100 420 + 85

Lc (h) 59 60 64 66 74 79
Calculation

Le (Bass) 59 62 64 65 74 78

of (calc) 27 72 117 142 367 452

The calculated differential cross sections, at 8., = 90°, for both the
9305 + 98e and the 495c + B5Cu systems are shown in Fig. 5 as solid lines. For
comparison the differential cross sections, for large 8cy, are also shown for
both systems. As is the case for the 35¢1 + 62Ni excitation function, the
calculation reproduces the yield of large, near symmetric, fragments. On the
other hand, the calculation overpredicts the yields of light fragments, 3 < Z <
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11. For the b + %Be system, the overprediction is slight and one might
consider it insignificant in 1ight of the assumptions in the calculation.
However, for the 45sc + 65¢y system the overprediction is quite large, as much
as a factor of 5 in the Z~7 region.

While the successes of the model calculations are considerable, we are drawn
to examine the possible reasons for the failure in the light Z region., The
likely explanations are an underprediction of the high angular momentum
barriers for atomic numbers Z~7 or that the application of an equilibrium
calculation to the high angular momentum case is inappropriate. If the
barriers are underpredicted for large angular momenta this should be reflected
in the fragment energies.

The mean kinetic energies can be calculated from the difference between the
barrier energy and that for the separated fragments.,

<TKEz> = Qogt + <Erg§> + B> + KTy - <Ergt> - <Er2t> - <Egigs>e (3)

The brackets indicate averages over angular momentum, QOUt is the exit channel
Qyalye and the intrinsic rotational energies of the compound nucleus and the
two exit channel fragments are given by Eggt, Eg°t, and ESOt, respectively.
Equation 3 uses 2T as an estimate of the mean kinetic energy in the decay mode,
as well as contributing the relative rotational energy to the kinetic energy.
Some of the available energy should be dissipated back in fragment
excitation.17 This is represented by Eqiss.

In order to evaluate the rotational energy correction terms in equation 3
(EgOt and EQOt) we must assume a rotation model in order to divide the angular
momentum into the intrinsic and relative components. We assume that the inter-
mediate rotates rigidly. The rotating ground state energies themselves are
calculated from the RLDM, The dissipated energy is not included in the calcu-
Tation. The value of this term is quite uncertain in that it depends on the
hydrodynamics of the scission process. It can, however, be estimated for sym-
metric division from the work of Nix (Fig. 13 of ref. 17). The predicted value
of <Egjgs> is roughly 8 MeV for a fissility parameter of x = 0,45 and it
increases to near 18 MeV for x = 0.60. While the systems discussed here have
x ~ 0.45 the value of x = 0.60 may be more appropriate for the high angular
momentum systems.

The calculated values of TKE and E3 are shown as solid lines in Fig. 3. The
calculated energies are low for large asymmetries (light elements) and about 9
MeV greater (in TKE) than the data near symmetry. As just mentioned, the
calculation should exceed the actual energies by the dissipated energy. While
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this is true near symmetry, the calculation fails for large asymmetries, As is
the case for the fragment yields, this discrepency suggests that the barriers
are underpredicted for the large angular momentum asymmetric channels. Further
support for this conclusion can be obtained from a comparison of the calculated
barriers in the asymmetric mass region to those determined from the 3He + Ag
excitation function,3,6 Furthermore, since it is unreasonable to suspect that
the barriers could be low by more than about 5 MeV, Fig. 3 indicates that
<Egiss> Must decrease with increasing asymmetry.

C. Transferred Angular Momentum Distributions

Investigation of the angular momentum transferred to intrinsic spin in heavy
ion reactions has been an active research area for a decade. The most common
tool for these investigations has been the measurement of the mean gamma-ray
multiplicity for a given exit channel. With some uncertainty, mostly asso-
ciated with the multipolarity mixing, the <My>7 can be converted to <I3 + Ig>7.
In some cases a second moment is also extracted from M, measurements. In the
present work, we go a step further and present the complete experimental My
distributions for each Z (rather than just the first one or two moments) and
compare them to calculated I3 + I, distributions. The experimental MY(Z)
distributions are shown in Fig. 6a and were discussed in the previous section,

The calculated L-wave fractionation is shown in Fig. 8. As the decay channel
asymmetry decreases, the contributing L-wave distribution moves to larger
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FIGURE 8
Calculation of the initial 1-wave distributions for selected exit channels.
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average values and becomes narrower, These trends can be understood by
inspecting Fig. 1.

The division of these total angular momentum distributions into intrinsic
and relative components requires a rotation model, As we did for the fragment
energy, we assume rigid rotation of the intermediate. For this purpose we
modelled the intermediate as two separated spheres. We have also included
fluctuations in the transferred spin.18 The resulting calculated I3 + Iy
distributions are shown in Fig. 6b. The rigid rotation model inverts the
distributions from those in Fig. 8. (High Z value with large mean L values
have Tow mean I3 + Ip values while low Z values with low mean L values have
high mean I3 + I4.) This is the feature which has been used previously to
suggest that rigid rotation is achieved in deep inelastic reaction,19-21 n
the other hand, the trend in the widths is preserved. (lLow Z values have broad
distributions while high Z values have narrow distributions.)

Comparisons of the experimental distributions and their moments, Fig., 6a and
6c, to the calculated ones, Fig, 6b and 6d, indicates that the model does
reproduce the main experimental features. The agreement between the trends in
first moments of these distributions supports the rigid rotation model. (This
is neither new nor surprising.) The favorable comparison between the calcu-
lated and experimental second moments does indicate that the larger the
fragment (more symmetric the decay) the narrower is the contributing primary L-
wave distribution. (This is new, bhut not surprising if one believes in the
equilibrium formalism used here,) Furthermore, the conversion from MY to
I3 + I is slightly less than a multiplicative factor of 2, This is to be
expected when the majority of y-rays are quadrupole transitions. As shown in
the previous section, the angular distributions support this contention, except
when one of the fragments has N ~ 50.

D. The Even-0dd Effect

Before concluding we would like to comment on an interesting even-odd Z
effect that we observed, We found that the relative yields of odd atomic
number elements could be enhanced by selecting Tow gamma-ray fold (k) and, con-
versely, that the yields of even Z elements could be enhanced by selecting high
gamma-ray folds. This is shown in Fig. 9. This effect is readily understood
when the k distributions for neighboring elements are compared, Fig. 10. The k
distributions for the odd Z elements are shifted down by a few units. This
shift can be explained if the initial L-wave populations, Fig. 8, and the
transferred spin distributions, Fig. 6, are blind to the ground state struc-
tures of the fragments. Neighboring elements will have nearly identical L-wave
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FIGURES 9 AND 10
9. The relative yield of even Z elements to the sum of the neighboring odd Z
elements as a function of y-ray fold, k.
10. The y-ray fold distributions for an even Z element and a neighboring odd Z
element.

distributions and nearly identical transferred spin distributions. However,
the odd-odd channels will have fewer y-rays due to the ground state spins, In
essence, this effect is due to the fact that the bulk of the angular momentum
is transferred to orbital and not to intrinsic ‘fragment spin. As a result the
sum of the ground state spins are not insignificant compared to the total
transferred spin.

CONCLUSIONS

We have used low energy reactions in an effort to study the features of the
fragment-fragment potential energy surface. This study has verified the main
features of the PES calculated by a liquid drop model for Ay ~ 110. Specifi-
cally, at low spin the surface or emission barriers are rather independent of
mass asymmetry while for large spins a strong preference for symmetric decay
develops. There was no reason to resort to a reaction mechanism that is not
equilibrated in the mass asymmetry degree of freedom (such as DIC).

Detailed comparison of the yields from three systems (Sn + Cu, Nb + Be, and
the excitation functions of 3He + Ag) as well as fragment energies indicates
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that the finite range rotating liquid drop model slightly under-predicts the
asymmetric barriers in the vicinity of Z ~ 7, In addition, some rather limited
evidence has been presented that argues for a decrease in the saddle to
scission energy dissipation with increasing asymmetry in the decay mode.

Finally, the coincident gamma-ray multiplicity distributions not only con-
firm that the angular momentum is partitioned as expected by a rigidly rotating
critical decay shape but also that the greater the symmetry in the decay chan-
nel the narrower is the contributing primary L-wave distribution,
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