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Abstract 

A general theory for the angular distribution of sequentially 
emitted particles and gamma rays is developed. Comparison with exper
imental data allows one to obtain information on the fragment spin and 
misalignment. Angular distributions of sequentially emitted gamma, 
alpha and fission fragments are discussed in detail. It is shown that 
the experimental data are consistent with the thermal excitation of 
angjlar momentum bearing modes. The anomaly of sequential fission 
suggests the presence of a prompt or direct fission component. 
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Introduction 
The interaction between two colliding nuclei leads to the transfer 

of orbital angular momentum into fragment spin. This phenomenon and 
its Q value dependence are well documented in the literature of heavy 
ion reactions. ~ A simple model of two colliding spheres leads to 
the expectation that the fragment spin be aligned with tne entrance 
channel orbital angular momentum, perpendicular to the reaction plane. 

This is approximately verified experimentally by the anisotropic 
c_ 7 p 

emission or gamma rays, light particles or fission fragments 
9 11 from the primary products. ~ However, a more careful observati n 

of the experimental data leads to the conclusion tnat the fragment 
spins are not completely aligned, and tnat the degree of misalignment 
presents a distinct Q-value dependence. 

One may wonder what may be the cause of the spin misalignment. On 
one hand there is the possibility that the misalignment arises from 
poorly understood dynamical effects like (induced) multipole-
(induced) multipole interactions through the nuclear and/or Coulomb 
field. 

On the other hand, statistical effects may come into play. The 
dinuclear complex is characterized by angular-momentum-bearing modes 
whose thermal excitation may introduce in-plane angular momentum com-

12 ponents which misalign the fragment spin. The coupling responsible 
for the thermal excitation of these modes may still be the multipole-
multipole interaction. The advantage of the equilibrium statistical 
limit is that we do not have to bother to describe it in any detail. 
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In view of this advantage we shall consider the prediction of the 
equilibrium statistical limit. We shall then apply this result to the 
sequential f-ray emission and we shall compare with the data. Simi
larly we shall apply the result of the statistical model to the 
sequential alpha particle emission and to sequential fission. Again 
we shall compare with the data. In the end we shall show some in
triguing anomaly in sequential fission that seems to indicate the 
presence of prompt or direct sequential fission in contrast with the 
commonly held view that sequential fission arises from compound nucleus 
decay of a deep inelastic fragment. 
Statistical Excitation of Angular-Momentum-Bearing Modes 

Let us consider a frame of reference where the z axis is parallel 
to the entrance-channel angular momentum, the x axis is parallel to 
the recoil direction of one of the fragments, and the y axis is 
perpendicular to the z,x plane. 

If the intermediate complex is assumed to have the shape of two 
equal touching spheres, the angular-momentum-bearing normal modes are 
easily identifiable. In fig. 1 these modes are illustrated. We shall 
call them "bending," B (doubly degenerate), "twisting" Tw (degenerate 
with bending), "wriggling" W (doubly degenerate) and "tilting" Ti. 

In a recent worx, the statistical mechanical aspects of the 
12 excitation of these modes has been studied in detail. Here we 

report only the relevant conclusions. 
The thermal excitation of these collective modes leads to Gaussian 

distributions in the three components I , I , I , namely: 
x y z 
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(i\ il ( i , - T 2 ) 2 \ 
P(I) exp - {-^ + JL * 2 z (1) 

where: J 

°x = <4 + "?1 = H T + Tn^T " IAT 

a 
2 
y " "B + °w = H T + T 4 ^ T = 7 ^ (2) 

2 2 . 2 1 ( r , 5 /l-r 6 l r 
z = a B + "w = 2 ^ T + IT l ! = 7 - J J a 

The quantity xQ is the moment of inertia of one of the two touching 
spheres, and T is the temperature. 

Notice tnat tne variances along the three coordinates are almost 
equal. 

Frequently the degree of alignment of the fragment spins is 
-2 -2 expressed in terms of the alignment parameter P = 3/2 I /I - 1/2. If 

a = o = o = o it is possible to express the alignment parameter P in 
terms of o and the average z component of tne fragment angular 
momentum I as follows: 

I2 i 2 + 2 

P 1 lz 1 3 rz + g l 
zz " 2 Tf2 2 " 2 j2 . , 2 " 2 

I I, + 3o 
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Gamma Ray Angular Distributions 
Fragments with large amounts of angular momentum are expected to 

dispose of it mainly by stretched E2 decay. The relative amounts of 
dipole and quadrupole radiation depend mainly upon the ability of the 
nucleus to remain a good rotor over the whole angular momentum range. 

If the angular momentum of the fragment is aligned, the typical 
angular pattern of the quadrupole radiation should be observed. Any 
misalignment should decrease the sharpness of the angular distribution. 

If the distribution of the angular momentum components 1 , 1 , 1 
x y z 

is statistical, it is straightforward to derive analytical expressions for 
13 the angular distributions. 

For a perfectly aligned system we have: 

W(a) = | (1 + COS 2a) ; W(a) = f (1 - COS 4
a) 

for El for E2 

If the angular momentum is not aligned with the z axis, one must 
express a in terms of e, 0 which define the direction of the angular 
momentum vector. In particular we have: 

l«n I sino costf + I sine sintf + I coso 
cosa = = — i U 2 

1 (I* + ij + I*) 

For any §iven I, the angular distribution is obtained by integration 
over the statistical distribution P(I) of the angular momentum 
components: 



W(e,0) = j"w(a) P(JJ dl 

It is not possible to obtain exact analytical expression for the 
2 "2 2 _ 2 general case. However, an expansion to order a l l , a II , etc. x z y z 

allows one to obtain expressions in closed form. 
For the dipole decay we nave: 

W(e,(6) = |(1 • cos 2e) + J 2 2 2 x sin o cos 0 - cos e) -j 
<z 

2 2 2 °v + (sin . sin 0 - cos o) -4-

Notice that tnere is no dependence upon a . A weak in-plane 
anisotropy is possible: 

w(fl = 0') 1 + 
2 2 a - a x y 

The out -o f -p lane anisotropy for equal values of o , a , o , i s 

a i ° H - 2

( 1 " f ! | ) . 2 ( i - 2 , 2 ^ ) 
W(90 ) (I + o ' / Ip 

For the quadrupole decay we have: 
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W{o,*) = | (1 - cos 4o) - | 2 2 2 4 x (3 sin e cos e cos i> - cos e) -r=-

+ (3sin s cos e sin i> - cos o) -y (6) 

2 Again, no dependence upon a is predicted. Assuming o , a 
z x y 

o = a oneobtains 

W(O') . 1 21 
W{90*) I* (7) 

For the in plane anisotropy we have: 

W(0 = 0') 
W(* = 90'; 

- 1 
e=90 

(8) 

2 "2 to order o /I . This c^n b° easily understood. The rms misalignment 
is ~o/I, thus, at Q = 90': 

W(90) = 1 - cos 4 90" - y = 1 - £ 4 

Thus, no second order term exists. This result shows that its is very 
difficult to study anisotropies in the angular momentum misalignment 
oy means of -y-ray angular distrioution. 



7 

The range of validity of the above express ons is rather limited 
due to the low order expansion. In particular, the equations should 
not be trusted for a /f 2 > 0.05. 

2 2 2 However, if we are willing to assume a = a = o = a then 
an exact result can be obtained. 

For the El distribution one obtains: 

W(») E 1 = | [1 + cos 2e + x 2(l - U(x))(l - 3cos2o)J 

For the E2 distribution one obtains: 

5 - 4 2 ( ? 2 4 W(o)r2 = J ^ " c o s e " 2 x )3si | | _8 cos o - 2cos e +' 

- | D{x)(sin2e - 4cos 2e) sin 2ei + (10) 

- 3x 4J4cos 4e + | sin 4o - 12sin2e cos2el(l - D(v))] 

In these equations \ = a/I and D(x) = >'2~ x F(l/,'2~ x) where 

< 2 f x t 2 

F(x) = e' x e l dt 
Jo 

is tne Dawson's integral. One can verify immediately that Doth 
expressions behave as expected in tne limits of x = 0 and x = °°. The 
anisotropy U(0),'U(90*) tends to 1 when * tends to infinity both for El 
and E2 transitions, while it tends to 0 for E2 and to 2 for El when 
x = 0. 
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These results are graphically summarized in fig. 2 where the 
anisotropy is plotted as a function of the fraction of El radiation 

2 -2 for various values of o /I . The two extreme possibilities of 
stretched and non-stretched El decay are considered. 
Application to Experimental y-Ray Angular Distributions 

An interesting measurement has been carried out for the reaction 
165 lf5 1400 MeV Ho + Ho. This system was chosen because large 

amounts of angular momentum can be transferred into the intrinsic spin 
of these nuclei, which are known to have good rotational properties. 
As a consequence, both of the essentially identical Dl-fragments emit 
similar continuum y-ray spectra which are strongly enriched in E2 
transitions (-80 percent). 

Figure 3 (top) shows the dependence of the y-ray multiplicity upon 
Q-value for three angles. Figure 3 (middle) shows the intrinsic spin 
of one of the two reaction fragments after neutron emission (solid 
line). The primary fragment spin obtained from <M > with correction 
for neutron emission (dashed line) is also shown. 

The ratio of in-plane to out-of-plane y-ray yield ("anisotropy") 
for energies between 0.6 and 1.2 MeV is also shown in fig. 3 (bottom). 
This anisotropy rises with increasing spin transfer; it peaxs at a 

value of -2.2, slightly before the spin saturates, and then drops to 
near unity for large Q-values. 

Tne initial rise of anisotropy with increasing Q-value indicates 
that during the early stages of energy damping there is a rapid buildup 
of aligned spin. The subsequent fall observed at larger Q-values 
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suggests that the aligned component of spin has saturated or is de

creasing, whereas randomly-oriented components continue to increase^ 

causing a significant decrease in the alignment of the fragments' spin. 

Figure 4 snows experimental values of the anisotropy for E 

greater than 0.6 MeV compared to several stages of the model calcula

tion. The spin <I> was determined from tne y-ray multiplicity, and 

the anisotropy was then calculated (sclid line). This calculation 

reproduces Doth tne shape and the magnitude of the data. To give a 

feeling for the importance of various contributio 's, the same calcula

tion is shown including only El transitions (dashed curve) and 

including EL transitions and neutron emission (dotted line). The 

natching on the so'"d curve indicates the uncertainty of the overall 

calculation. Tnis comparison clearly snows tnat tne most important 

effect is the thermally induced misalignment, indicating that the 

decrease of alignment as deduced from tne anisotropy is inherent to 

tne deep-inelastic process itself. 

The dependence of cne alignment parameter and of m e z component 

of angular momentum is shown in fig. 5. 

A provisional conclusion is that tne equilibrium statistical limit 

is very close to tne regime controlling tne spin misalignment in tnis 

reaction. 

Angular Distributions ^f Sequential Fission and of Sequential uignt 

Particle Emission 

Tne magnitude of tne angular momentum misalignment can oe measured 

tnroutjn tne in- and out-of-plane angular distribution of tne decay 

product of one of tne two fragments, it nas been siiown eisewiiere that 
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the angular distribution of fission fragments and of light particles 
emitted by a compound nucleus can be treated within a single framework 

The direction of emission of a decay product (fission fragment, 
a-particle, etc) is defined by the projection K of the fragment angular 
momentum on the disintegration axis. Simple statistical mechanical 
considerations show that the distribution in K values is Gaussian. 

Specifically, for any given K, the particle decay width can be 
n 14 written as: ' 

14 

r£ dK = r exp h 2 I 2 / l exp / K 2\dK (in 

where r* is an angular momentum independent quantity; T is the 
temperature; K 2 = h" 2(l/4 n - l/^)" 1"!';^,,, vSx are the prin
cipal moments of inertia of the decaying system with particle and 
residual nucleus just in contact, about an axis parallel and perpen
dicular to the disintegration axis respectively;-3C is the moment of 
inertia of the compound nucleus. 

Similarly, the neutron decay width, integrated over all the neutron 
emission directions is 

rN = r N exp h 2! 2 

{k'^j (12) 

In this expression^ = ^ R
 + uR , corresponding to ̂  in eq. (3), 

is the sum of the moment of inertia of the residual nucleus after 
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neutron decay and the orbital moment of inertia of the neutron at the 
surface of the nucleus. 

Let us now express th> particle decay width in terms of the 
emission angle a measured with respect to the angular momentum 
direction. 

Since K = I cosa and dK = Id(cosa) = Id a , we obtain: 

r ( a ) dsi = r exp # (t -B 2 ' I COS a . exp 5 — di; 
2K„ 

If the angular momentum has an arbitrary orientation with respect to 
our chosen frame cf reference, defined by its components I , I , I , 
the angular distribution can be easily rewritten by noticing that 

K = I cosa = i-n = I sine cos* + I sing sintf + I cose x y z 

where n is a unit vector pointing tne direction of particle emission 
witn polar angles ©,#. Integration over tne distribution P(I) leads 
to tne following expression, dropping angjlar momentum independent 
factors: 1 3 , 1 5 

J. ;^ , * ) d. exp 2T \^l " J c l Sli^T exp 
I"cos a : i 3 ) 

miners 
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S 2(o,0) = K 2 + (a 2 cos 2« + a2 sin 2*) sin 2» + a 2 cos 2e (14) 

The final angular distribution is obtained by integration over the 
fragment angular momentum distribution which we assume to reflect the 
entrance channel angular momentum distribution through the rigid 
rotation condition: 

«(«..#)-J1"" |Lexp-(l 2^i- B) 
min * / 

dl (15) 

where we have made the frequently valid approximation iv = r.. or 
more explicitly 

W(9,f5) JH1H exD(-A 
A • P l min' A mm 

I 2, imn exp(-A, mx' 116) 

where 

A _ i 2 c o s 9 a Mmx " 'mx 2 S 2 B 
!j > Amin 

2 cos e 
2S' 

(17) 

= ̂ (t"i) 
The quantity^ is the moment of inertia of the nucleus after neutron 
emission,^ is the perpendicular moment of inertia of the critical 
shape for the decay (e.g., saddle point). 



13 

It is important to notice that the angular momentum dependence of 
the particle/neutron competition or fission/neutron competition is 
explicitly taken into account through B. 

The final ingredient necessary for an explicit calculation of the 
2 angular distributions is the quantity K . This quantity can be 

expressed in terms of the principal moments of inertia of the critical 
configuration for the decay: 

2 1 / 1 1 V 1 T 4 T T{k'k) "o-^it-t) T = w w 
For fission4 eff can be taken from the liquid drop calculations. 
For lighter particle emission, the calculation of sQ f f can be worked 
out trivially. 

If tne charge of the light particle is not negligible, one has to 
consider the shape polarization induced on the heavy fragment at the 
ridge point, as discussed in ref. 14. 

Now we are in the position to calculate both in-plane and out-of-
plane anisotropies. 

The in plane anisotropy gives: 

W(fl = 90') 
<(* = 0') 

(i • ^ " 2 

- I 2 2 
0=90" \ Ko + °y 

o x \ ( i g ) 

2 
Since in most cases K Q is fairly large, or at least comparable with 2 2 a or a , it is difficult to obtain a sizable in-plane anisotropy. x y 
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2 2 
Even Dy letting a = 0 one needs a = 3 K just to obtain the 
anisotropy of 2! The out-of-plane anisotropy is somewhat more 
complicated: For a fixed angular momentum I one has: 

Wfe = 90 
W(a = 0' 0=0 

1/2 
exp ml + •*)> (20) 

For the usual angular momentum distribution one obtaines: 

H(a = 90') 
W(e = 0' *=0 

' 4 • 'I 
1/2 

2( Ko + «z>> 
(21) 

1 - exp el mx 
1 - exp I mx 2{ K2 + a\) 

At 0 = 90* the anisotropy is obtained from the above equation by 
intercnanging a with a . 
Some Calculations for Sequential Fission and Alpha Decay and Comparison 
with Data 

The results obtained above can be illustrated by applying them to 
a reaction which Has been experimentally investigated. We cnoose 

35 9 tne reaction 600 MeV Kr + Au. ror this reaction we estimate 

^sph'4ff ' 1' 8 6 4' K o = I 0 ° !,2> 8 = ° ' 0 0 1 9 4 h~2' !
m x = 4 0 f i> 

? 2 o = 110 h . In order to simultaneously appreciate the shapes of the 
in- and out-of-plane angular distributions possible in sequential 
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7 7 7 7 fission, we have artificially set o^ = 0, a = a = 110 h . The x y z 
results are shown in fig. 6. [n this figure one readily observes the 
connection between the in-plane and the out-of-plane angular distri
butions. In particular, it is apparent how an in-plane anisotropy must 
necessarily be associated with a variation of the out-of-plane width 
with the in-plane angle. 

We have stressed already that the competition between fission and 
neutron decay must be dealt with specifically because of the strong 
dependence of r F upon angular momentum. This is illustrated in 

2 2 2 2 fig. 7 where we have set a = a - o = 110 h and we have assumed x y z 
8 = 0.00194 h ~ 2 in one case, and 0.000 h" 2in the other. The effect 
is quite dramatic, and clearly must be incorporated in the formalism 
if one intends to obtain reliable angular momentum values from it. 
For instance, in order to compensate for setting B = 0.000 instead of 

_2 0.00194 h it is necessary to step-up the angular momentum I from 
40 to 55 ft. 

» 9 
The predicted FWHM = 54 can be compared with the data shown in 

fig. 8. The agreement is quite satisfactory. 
In the same spirit as for sequential fission we show some calcu-84 lations for sequential alpha decay in the reaction 664 MeV Kr + Ag. 

The alpha particles are assumed to be emitted by the Ag-like nucleus. 
We estimate I = 36 h, 0

2 = 68 ft2, s = 0.00137 ft-2 and K 2 = 365 ft2. 
The results are shown in fig. 9. For comparison a calculation with 

1 
o = 0 is also shown in order to illustrate the sensitivity to mis
alignment. Examples of fits to experimental data** a r e s n o w n -jn 
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fig. 10. From these data it is possible to infer the dependence of 
the heavy fragment spin upon mass asymmetry, it is observed that its 
value is close to that of rigid rotation (fig. 11). 
The Puzzle of the In-Plane Angular Distributions 

we have specifically disregarded the in-plane angular 
distributions in the above discussion of the data. We want to taxe up 
the subject nere in some detail. 

The theory makes specific predictions about the in-plane 
distribution of both sequential alphas and fission. For symmetric 
splitting, the model predict o = a and eq. (19) implies in-plane 

y x 
isotropy. The sequential alphas from Kr + Ag seem to satisfy the 
theoretical prediction. Sequential fission is another matter. In 
contrast to previous measurements, the latest results on Ni + Pb and 
Ar + Bi (ref. 17) show strong in-plane anisotropics peaked along the 
recoil direction (x-axis). Before accusing the statistical model of 
gross failure, one should appreciate that the above systems are highly 
asymmetric and the statistical model ought to take this fact into 
account. Unfortunately it is very obvious that the introduction of 
asymmetry in the model worsens tne situation. By direct inspection of 
the normal modes, one realizes that those modes involving the rotation 
of the two fragments with equal and opposite spin become stiffer with 
increasing asymmetry because tney force a small fragment (small moment 
of inertia) to rotate with a large spin. This is very expensive in 
energy. Bending, Twisting and Wriggling modes are part of this 
category. On the other hand, Tilting clearly becomes softer with 



17 

increasing asymmetry, because the difference in the two principal 
moments of inertia becomes progressively smaller. The inevitable 
conclusion is that, at large asymmetries, Tilting must dominate, so 
a grows while a decreases. This does generate strong in-plane 
x y 

anisotropies, but peaked at 90° to the recoil direction! The predicted 
angular distributions are 90° out-of-phase to the datai An exact 
calculation shown in fig. 12 indicates that our qualitative predictions 
for the behavior of a , a and a with asymmetry are quite x y z 
correct. 

In order to maKe the situation even more extreme we have studied 
the in-plane sequential fission angular distribution in the reaction 
and Ne + U (fig. 13). Because of the extreme asymmetry one would 
expect a strong minimum along the recoil direction and a strong 
maximum at 90° in plane. Again the experiment is lamentably out of 
phase with the theory. The in-plane angular distributions are 
isotropic for the quasi elastic components but peak strongly along the 
recoil direction for the deep inelastic component. 

In view of these data one tends to become very suspicious. If the 
angular momentum is responsible for the angular distributions, one 
would expect that the increased stiffness of Bending, Twisting and 
Wriggling and the decreasing stiffness of Tilting should lead to an 
angular distribution peaked at 90* to the recoil direction at extreme 
asymmetries irrespective of whether a dynamical or statistical regime 
prevails. We can rephrase the same idea by saying that it is expensive 
if not impossible to load a Ne-like fragment with a large angular 
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momentum. Tilting is the only normal mode that does not require Ne to 
do so. 

Consequently tne suspicion may arise that for sequential fission 
at least, angular momentum is not totally responsible for the in-plane 
distribution. The alternative is the following. If the fragment in 
the exit channel is suDstantially elongated, as we know it is, it may 
decide to keep on deforming along the dinuclear axis until it fissions. 
If this is the case, the fission fragments will tend naturally to peak 
along the recoil axis. In other words one may invoke prompt fission 
of the highly deformed fragment rather than compound nucleus fission. 

This should be taken as a working hypothesis, but we feel at this 
time that it ought to be taken seriously. Why then do the a and y 
angular distribution behave so much in agreement with the statistical 
model? The answer is clear. If the deformed fragment in the exit 
channel is not deformed enough to undergo fission, it may relax into a 
spherical shape and become a compound nucleus. This compound nucleus 
then emits a's and y's and their angular distribution will be of course 
controlled exclusively by the angular momentum. One cannot rule out 
the possibility that a sizeable mixture of prompt and compound fission 
may be present. This clearly requires a larger Dody of data and a 
careful analysis. 
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Figure Captions 
Fig. 1. (a) A pictorial description of the tilting mode and of the 

doubly degenerate wriggling modes for the two equal spnere 
model. The arrow originating at the point of tangency 
represents the orbital angular momentum while the shorter 
arrows represent the individual fragment spins, 
(b) A pictorial illustration of the twisting and bending 
modes for the two equal sphere model. Note the pairwise 
cancellation of the fragment spins. 

Fig. 2. (a) Gamma-ray anisotropy for a mixture of stretcned £1 and E2 
transitions as a function of the fraction of tl radiation for 

2 -2 various values of a /I . (b) Same as in a) but for a 
mixture of isotropic £1 and stretcned £2 transitions. 

Fig. 3. Top: Gamma-raj multiplicities vs Q values. The open dots 
correspond to the 0 J measurements, tne solid dots correspond 
to tne 90' measurements and tne solid line corresponds to the 
average multiplicity. Middle: The average spin per fragment 
inferred from the data on the top part of the figure. The 
solid lines and dashed lines correspond to the spin after and 
before neutron emission respectively. Bottom: Gamma-ray 
anisotropies vs Q value. 
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Fig. 4. Experimental y-ray anisotropy (£ > 0.3 MeV) vs Q-value 
(open circles). The dashed line represents a calculation 
including oly the statistical gamma-rays, the dotted line 
includes neutron emission as well, the solid line includes 
also the thermal excitation of angular momentum bearing 
modes. The hatching indicates the range of uncertainty of 
the calculation. 

Fig. 5. a) Dependence of the alignment parameter upon Q-value, as 
obtained from the calculations illustrated in fig. 4. The 
dotted line includes only neutron emission, the dashed line 
includes only the tnermal excitation of the angular momentum 
bearing modes, the solid line includes both effects. 
b) Angular momentum before neutron emission (solid line). 
Angular momentum projection I before neutron emission 
(dashed line). Angular momentum projection I after 
neutron emission (dotted line). 

Fig. 6. Calculated in-plane (dashed line) and out-of-plane (solid 
lines) angular distributions for sequential fission fragments 
in the reaction 60 MeV Kr + Au. The in-plane anisotropy is 
artifically generated by setting o = 0. 

Fig. 7. Calculated sequential fission angular distributions for the 
system 600 MeV Kr + Au. The curve labeled 6 = 0.0 
corresponds to disregarding neutron emission fission 
competition. The more realistic curve labeled 8 = 0.00194 
gives a FHHM of 54*. 
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rig. 8. Experimental full width at half maximum of the out-of-plane 

angular distribution for fission and non-fission components 

as a function of Z in the reaction 618 MeV Kr + 
197 9 

Au. The squares represent the data in the laD 

system, the triangles the data in the center of mass of the 

Au-like fragment. The dots represent the non fissioning 

Au-like recoils. 

Fig. 9. Calculated out-of-plane angular distribution for sequei.t ia 1 

alpha decay from the Ag-li<e fragment in the reaction 664 MeV 

Kr + n Ag (dasned line). Tne solid line has been 

obtained Dy setting a = 0. 

Fig. 10. Experimental alpna particle angular distributions for several 

Z-bins as a function or out-of-plane angle for tne same 

reaction as in r"ig. 9. Tne Z bins &re 3 Z's wide and are 

indicated ay the median L. In Section (a) tnere is no 

coincident y-ray requirements while in (o) tnere are 2 or 

more coincident y-rays. The curves in section (bj are 

normalized at 91)' to those in (a) for tne same Z oin. 

rig. 11. Average heavy fragment spin as a function of tne light 

fragment atomic number. Tne dots represent tne spins 

extracted from data without y-ray coincidence requirement. 

The open circles represent the spins ootained when 2 or more 

r-rays are required in coincidence. Tne line represents the 

rigid rotation limit for two equally deformed spheroids witn 

ratio of axis 2:1. 
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Fig. 12. a) Variance of the light fragment spin associated with the 
various normal modes are a function of mass asymmetry. The 
variance is measured in natural units. >9 T is the product 
of the moment of inertia of one of the two equal spheres and 
the temperature, b) Same as in a) for the heavy fragment. 

Fig. 13. In- and out-of-plane angular distribution for the reaction 
238 

U + Ne. The top points correspond to a Q-value range 
0,-bO MeV, the intermediate points to a Q-value range 
-50,-100 MeV, the bottom points to a Q-value range 
-100,-200 MeV. 
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