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I. Introduction 
High-spin nuclear states are interesting at the present time, both because 

they are experimentally accessible, and because there have recently been several 
rather dramatic changes observed at high spins, and others *ven more dramatic are 
predicted. I want to begin by describing very briefly just *ihat these 
are, what we now know about them, and what we are currently trying to find out 
about them. I will not go into any detail about the predicted properties of 
high-spin states because I am sure Prof. Szymanski will cover that subject in 
some depth in the next talk. 

One of the changes occurring in high-spin states is the reduction and even-
1 2 

tual quenching of the pairing correlations. There is now strong evidence 
that the pairing is, indeed, decreasing with increasing spin even at the lowest 
spin values. However, it is also reasonably clear that it has not disappeared 
by spin 20 h in many rare-earth nuclei. It is certainly an interesting experi
mental problem to determine just where and how the pairing is quenched, and I 
will show you some results later that suggest there may still be some pairing 
left at ~35 h in at least one case. 

• Changes in the nuclear shape are a second type of effect expected to occur 
with increasing spin. Snail increases in deformation are known to occur at 
low (< 12 h) spin values in a number of nuclei with moderate or small deformation, 
and a rather sudden change from slightly oblate to rather strongly prolate shapes 
has been observed * ' in several light Hg nuclei. The liquid drop model (with 

7 rigid-body moments of inertia predicts oblate shapes to be most stable up to high 
spin values (SO to 70 h for A « 160) and then triaxial shapes with increasing 
deformation leading to fission (at 70-80 ft). According to recent calculations ' 
the shell corrections do not change the basic liquid-drop tendencies. The 
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prolatc-deforaed rare-earth nuclei, for example, are predicted to becone (or 
tend to becoae) oblate via triaxial shapes at Moderate spin values (30-50 h) 
and then follow the liquid drop estimates. Two interesting conclusions fron both 
the liquid-drop and the rotating-defonaed-oscillator calculations are that there 
should be very high-spin isomeric states in the oblate region and also rapidly 
increasing aments of inertia in the triaxial region preceding fission. I will 
describe later how these effects are being searched for at the present time. 

A third phenomenon that is expected to occur at high-spin values is the 
alignnent of individual particle angular momenta. This is the dominant struc
ture of the low-energy high-spin states in spherical and near-spherical nuclei, 
as is well known, and this process should compete with collective motion at 
higher spin values in the more deformed nuclei. Recently a model involving the 
alignment of the angular momentum of an odd nucleon with that due to the core rota
tion has had considerable success for many weakly deformed nuclei. However, it 
is not yet entirely clear to what extent the core motion must be purely rotational 
in such a model. Also, it now seems rather likely that the "backbending" which 
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has been observed in some of the light rare-earth nuclei is due to the alignment 
of two particular nucleons (ii3/2 neutrons in this mass region) with the core ro
tation. If the oblate shapes predicted by the liquid drop model are reached, 
all the angular momentum would be carried by aligned particles. This would be 
signaled rather unambiguously by the occurrence of the high-spin isomeric states 
mentioned above. Thus, at least three effects—loss of pairing, shape changes, 
and alignment—are known to be occurring in nuclei as the spins increase, and 
the interplay and competition of these (and perhaps still other) processes makes 
the study of high-spin states rather exciting at the present time. 
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II. Production of High-Spin States 

There are two fairly cummon methods of producing high-spin states in medium 
and heavy nuclei. These are Coulomb excitation and heavy-ion compound-nucleus 
reactions. The highest spin values that might be reached by Coulomb excitation are 
only around 30 h in the most favorable cases (Pb projectiles and heavy, strongly 
deformed nuclei as targets); however, this method of production is very clean and 
offers the possibility of measuring a number of other properties of the high-spin 

13 states (lifetimes, magnetic moments, etc.). As an example of what can be 
done in this direction at the present time, the spectra from thick 1 7 4 Y b and 
1 7 6 Y b targets Coulomb excited by 585 MeV 1 3 6 X e projectiles are shown in Fig. 1. 
The strongly Doppler-broadened lineshapes for the higher spin states are appar
ent, and these are both an advantage and a disadvantage for this method. They 
make the observation of still higher spin states much more difficult, but they 
contain information about the lifetimes of the states. The fits to these line-

174 shapes from the Yb target are shown in Fig. 2, together with the resulting 
mean lifetimes (accurate to 10-153). To sharpen up these lines, one must re
strict the projectile scattering angle, and an attempt to do this is shown in 
Fig. 3. Here gama-ray coincidences were taken with 1 3 6 X e ions scattered through 
angles between 80 and 100j and although the resulting lines are still 10-12 
keV wide, states as high as 20 h can be seen. Using longer runs, it should be 
possible to identify an additional one or two states with 1 3 6 X e projectiles, 
and an additional three or four states using 2 0 8 P b projectiles. Nevertheless, 
the Coulomb excitation method generally cannot compete with the heavy-ion compound-
nucleus method in regard to producing the highest spins. A notable exception is 
in the trans-lead region where fission severely limits the compound-nucleus 
method (see contribution, pg. 77). 

The highest spin states currently known to be populated in nuclei, 65-70 h, 
are produced in the evaporation residues following heavy-ion compound-nucleus 
reactions and the rest of this talk will be devoted to this method. The data 
divide rather naturally into two parts: those based on discrete gamma-ray lines 
observed in the evaporation residues (I < 20 ft); and those based on the unresolved 
lines, or the so-called continuum (I>20 h). I will discuss later the reason 
for these two types of spectra. The discrete lines have been a subject of study 
for over ten years, and a considerable body of data has been accumulated. 
Since all except one (p. 64) of the experimental contributed papers on high-spin 
states deal with this type of data, I have decided to try to balance things 
somewhat and discuss mainly the continuum gamma rays. These contain the infor
mation about the highest spin states we presently know how to populate in nuclei. 
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III. Continuum Gamaa Rays 
1. Introduction. 

An important aspect of the de-excitation of an evaporation residue from a 
heavy-ion compound-nucleus reaction is the distribution of angular momentum 
into the various reaction channels. The relevant features of this distribution 

14 can be demonstrated using the simile sharp-cutoff model. Fig. 4 is a plot of 
energy versus angular momentum squared in the nucleus The lowest energy 
states having a particular angular momentum value are called the yrast states, 
and the sloping line in Fig. 4 gives an estimate of the location of these states. 

* 166 
The initial excitation energy and angular momentum range deposited in Yb 
from the reaction M K r + 8 2Se ->• 1 6 6 Y b * at 327 MeV is given by the horizontal 
line. A nice feature of this plot is that there is equal population along this 
line. The energy available for neutron evaporation is roughly the difference 
between the excitation energy and the yrast energy, and thus it varies from 
nearly zero at high I to the full excitation energy (60 MeV) at very low I. 
Since a neutron binding plus kinetic energy is about 10 MeV in these nuclei, one 
fewer neutron will be emitted for each additional 10 MeV of yrast energy. This 
divides the population into "bins" as is illustrated in Fig. 4, where every 
full bin has equal population. In fact, above some particular angular momentum 
(about 50 h for fission dominates over neutron evaporation and the bins 
are irrelevant (dashed in Fig. 4). The important point of this is that channels 
corresponding to different numbers of evaporated neutrons should have different 
angular momentum ranges, and the highest angular momenta are in the channels 
with the fewest e jporated neutrons. This fractionation is a very great help 
in studying angular-momentum effects in these nuclei. 

Numerical studies of the de-excitation of an evaporation product from a 
heavy-ion compound nucleus were made by Grover some time ago, and seem to be 
remarkably well borne out by subsequent experiments. Grover's proposed gamma-
ray de-excitation of the product nucleus (with some later additions ) is 
illustrated in Fig. 5, which is a plot of energy versus spin in a rotational 
nucleus with mass around 160. The heavy bar in Fig. 5 is an estimate of the energy 
and angular momentum range left in this final product nucleus following an 40 ( Ar,4n) reaction. This energy is roughly a neutron binding energy above the 
yrast line, and the angular momentum range is limited by the 3n and Sn reactions 
as was discussed above. The gamma-ray de-excitation of the populated region is 
expected to occur in three distinct cascades. While the level density is high, 
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a statistical cascade (I) consisting Mainly of high-energy dipole transitions is 
expected to occur. This carries off a considerable amount of excitation energy, 
but very little angular momentum, and is terminated by coming into the yrast 
region Mhere the level density is no longer high. Grover has estimated that the 
gamma-ray spectrum from this cascade should fall off approximately exponentially 
in intensity with increasing energy above 2 MeV. In the yrast region the cas
cade is forced to begin carrying off angular momentum and proceeds by stretched 
E2 transitions through a number of collective bands roughly parallel to the 
yrast line. This is the yrast cascade (II) and it should produce a low-energy 
"bump" in the gamma-ray spectrum whose energy and shape contain information 
about the moments-of-inertia in the yrast region. Around spin 20 h the yrast 
levels become those of the ground-state band and an energy gap develops between 
these levels and others of the same spin. At this point all the population 
begins to shift into this particular band, producing individual transitions 
with sufficient intensity to be identified in the spectrum, that is, the discrete 
lines (III). Thus in the gamma-ray spectnin there should be three discernible 
features: very low energy (< 1 MeV) discrete lines; an unresolved relatively 
low-energy (< 2.5 MeV) buip; and an unresolved high-energy exponential tail. 

2. Experimental 
17 18 Early studies ' of the continuum gamma rays were made about 15 years ago, 

but two developments were necessary before much progress in this area could be 
made. The first was a means to separate out specific reaction channels, and 

19 20 Sunyar and coworkers ' first did this in 197;: using a Ge(Li) coincidence 
detector and selecting as gates the particular discrete lines that belonged to 
a known product (reaction channel). The second development was a technique to 

21 22 23 discriminate against neutron pulses, and several groups ' ' have accomplished 
this recently by time-of-flight techniques, '[he experimental arrangement cur-

2 rently used in Berkeley is shown in Fig. 6. The beam strikes a thin (-1 mg/cm) 2 target on a thick (~25. mg/cm ) lead backing. An intrinsic Ge detector, located 
at 225* relative to the beam direction and 5 cm from the target, is used to 
select particular gamma ray lines corresponding to individual reaction channels. 
The continuum spectrum is observed in coincidence with the Ge detector in each 
of three 7.5 x 7.5 cm Nal detectors at 0, 45, and 90*relative to the beam dir
ection and 60 cm from the target. The neutrons require 20 nsec to reach the 
Nal detectors and can be almost completely separated from the gamma rays, which 
require only ~2 nsec. The large distance also makes corrections for the pile-up 
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of pulses in the Nal detectors very small. With this arrangement it takes about 
a day to accumulate reasonable continuum spectra from an average reaction chan
nel. 

In order to clarify the aethod of channel selection, a spectrum taken" in 
the Ge detector from the reaction M K r • 8 2 S e + 1 6 6 Y b * at 345 MeV, is shown in 

84 82 
Fig. 7. The lines fro* Coulomb excitation of Kr and Se are unusually prom
inent in this spectrin due to the very heavy projectile, but previously known 
lines from the 3n, 4n, and 5n reaction channels can be easily identified. In 
the analysis of the data (stored event by event on magnetic tapes) we set gates 
on all the lines of interest, subtract backgrounds as determined from energy 
regions adjacent to these lines, and then sum up the spectra for all lines 
from a given reaction channel. We have not yet found statistically significant 
differences between the continuum spectra in coincidence with different lines 
from the same reaction channel. Thus three channels from this reaction can be 
studied simultaneously. Other groups have used different methods for selecting 21 reaction channels of interest: Newton et al. have used neutrons as trigger 
pulses and thus observed the composite continuum spectrum of all neutron-evaporation 

23 channels; and Albrecht et al. have used particle detectors to select quasi-
fission events. Many such possibilities exist. 

3. Multiplicities 
An important quantity to measure is the average number of gamma rays in 

the continuum spectrum, which has been called the multiplicity of the spectrum 
(S v). This is easy to obtain provided one stores the singles events from the 
Ge counter, as well as the coincidences. Under the assumptions (a) that the 
probability of detecting two garcma rays simultaneously in the Nal detector is 
negligible, and (b) that the gating ganrna ray, Yi» is not in the continuum 
region being studied, the multiplicity associated with y - is just: 

I • fv.) 

y, t) - — c o m c l (i) 
T s ing ( V eNaI 

where I ( Y O is the total number of counts in the (singles or coincidence) peak 
of y . and e,, , is the roughly energy-independent probability of detecting a 
gamma ray in the Nal detector (including both the geometry and efficiency of 
the Nal detector). A problem exists at the low-energy region of the continuum 
spectrin, since the discrete lines in most deformed rare-earth nuclei extend 
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up to about 0.6 MeV and Must then be subtracted. Also, the Nal efficiency is not 
so constant below this energy. Since rather few continuum g a m rays are expected 
below 0.6 MeV, our policy has been to work only with Multiplicities for g a m rays 
with energies greater than this value; but soae of the other groups have studied 
the continual spectra* at lower energies. 

?n-?fi The general result froa all groups " that have studied Multiplicities 
in evaporation residues following heavy-ion reactions is that they depend mainly 
on the angular momentum input to the channel, and are always sufficiently large 
so that the gaaaa rays can carry off that angular moaentum. Thus the multiplic
ities vary rather strongly in different channels from the sane reaction, as 
suggested by Fig. 4, and they also vary with bombarding energy for a given re
action channel. This result is illustrated in Fig. 8, where the multiplicities 
of various decay channels of the compound nucleus, 1 6 6 Y b * , are plotted against 
the average angular momentum in the channels. These average angular momenta 
t were determined froa the sharp-cutoff model and measured channel cross 
sections. It is apparent that the multiplicity does not depend strongly on the 
method of formation of the , or on the particular product nucleus, but only 
on the angular moaentum input. Furthermore, the number of gaaaa rays is reason
able. For the cases where I is greater than ~ZS h, most of the transitions are 
of stretched E2 Jiaracter and thus remove 2 h from the system. At £ * 30, the 
multiplicity is 10, corresponding to 20 fc carried off by continuum gamma rays. 
In this case there are on the average, S known discrete lines at the bottom of 
the cascade which carry off the last 10 ft. Thus the 30 h indicated by the cross 
section is accounted for. In cases where the cross sections are not measured, 
I can be estimated in this way from the multiplicity, provided the angular 
distributions show that the transitions are mostly of stretched E2 character. 

The multiplicities can be used to study reaction mechanisms. Albrecht 23 et al. have used multiplicities to estimate the angular momentum deposited in the 
fragments, and hence the orbital angular momentum transferred (12-15 ti), in 
deep-inelastic scattering (quasi fission) events for the system 0 + Ni. 
Higher moments of the number distributions have been determined by Hagemann 25 et al. by Measuring higher order Multiple coincidences. These authors obtain 
not only the Multiplicity (first moment) but also the average variation in the 
number of gaau rays (second moment) and even a hint of the "skewness" of 
this spread (third Moment). It is clear the the Multiplicities will have many 
applications to studying reaction mechanisms, but that direction will not be 
pursued further here. 
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4. Bnerfie* 
Probably the most interesting aspect of the continual gamma-ray spectrun 

is its energy distribution, since this is the source of any information about 
moments-of-inertia at very high spin values. The observed pulse-height spectrun 
mist first be corrected for the response function of the Nal detector. This is 
straightforward, though our procedure makes the statistical variations of the 
spectra mich worse. I will refer to the corrected gamma-ray spectrun as "un
folded" and the original pulse-height spectrum as "raw." Further small correc
tions for the motion of the emitting nucleus must be made to these unfolded 
spectra. An important related quantity is the energy-dependent angular distrib
ution of the spectrum, and this is obtained simply by comparing the corrected 
0, 45, and 90* spectra. The interpretation of these distributions is a bit 
complicated, since a beam-y-Y triple correlation is involved. However, with the 
Ge detector at 225* this correlation for the Nal detectors resembles the usual 
beam-Y correlation, that is, a 0*/90° ratio of -1.4 for stretched quadnipole 
transitions and ~0.7 for stretched dipoles. Thus it is possible in a simple way 
to determine something about the character of the transitions at each energy. 

22 In Fig. 9 are shown the raw and unfolded gamma-ray spectra, together with 
their 0*/90* intensity ratios, for 183 MeV Ar projectiles on three targets, 

87 126 
natural Cu, Se and Te. These are "gross" spectra, that is, spectra in 
coincidence with all gamma-ray pulses in the Ge detector, rather than separated 
channel spectra, but the general features are the same and the statistics are natch 
better in this case. Above 2.5 MeV the exponential tail is quite clear in all 
three cases, both in the raw and unfolded spectra. The slopes are all similar, 
and correspond roughly to Grover's calculated slopes. The corrected angular dis
tributions (dashed lines) indicate that this portion of the spectrun is not 
composed entirely of stretched quadruple transitions. All these features agree 
with the expectations for the statistical cascade, and it seems very likely that 
this is the origin of this part of the spectrum. Below ~2.S MeV, a rise above 
the exponential tail is seen in all three cases, though the detailed characteris
tics of this bump differ considerably from case to case. In each nucleus the 
bump is accompanied by a rise in the 0*/90* intensity ratio, very likely indi
cating a higher proportion of stretched E2 transitions. Furthermore, the bump 
intensity and maximum energy increase with increasing angular momentum in the 
channel. These properties strongly suggest that this feature corresponds to 
the yrast cascade. Thus even without separating the individual reaction channels, 
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the general features expected for the continual spectrum are rather clearly 
observed. He will now go on and extract more detailed information fro* some of 
these spectra. 

There are two methods that one might use to extract moments of inertia from 
these continuum spectra, and both will be explored. The first involves the 

22 identification of a transition energy and its association with a spin value. 
It turns out to be possible to do this for the maximum spin of each channel in 
the following way. Fig. 10 shows the raw and unfolded spectra for the 4n channel 
( 1 6 2Yb) from the bombardment of 1 2 6 T e with 183 MeV 4 0 A r ions. The difference 
between the 0* and 90* spectra is also shown. The important point is that there 
is a rather sharp upper energy edge to the bump transitions. This is seen es
pecially clearly in the 0*-90* spectrum, where the stretched E2 transitions are 
enhanced over other types, but it is also quite apparent in the other spectra. 
This energy edge also shows up clearly for the other separated channels we have 
studied, and always varies in such a way that it is higher when higher angular 
•omentum is introduced into the channel. This suggests that this highest energy 
in the channel is associated with the highest angular momentum in the channel, 
as would be expected for any normal behavior of moment of inertia with spin. 
A value for the maximum angular momentum in the channel can be obtained from the 
measured channel cross sections and the sharp-cutoff model, or can be estimated 
from the gamma-ray multiplicity as discussed in the previous section. As a re
sult we can relate a maximum yrast transition energy, E , in a channel with a 
maximum angular momentum, I, and obtain moment-of-inertia values, 3(1), 
according to the simple relation: 

!>* E t (2) 
These values for several reactions leading to 1 6 6 Y b compound nuclei will be 
discussed below, together with those from the second method. 

The height of the bump at a particular energy, E , corrected for the extension 
of the statistical tail, gives the number of collective transitions per energy 
interval. The reciprocal of this quantity, the energy interval between collective 

27 transitions, AE., can be related directly to a moment of inertia: 
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*t 8F!HE t) " 2 Et d I * ( 3 ) 

Since I can be obtained from eq. (2) for a given E and 1 ( E ) , one can in 
general solve eq. (3) by iteration for a series of AE values. However, tor the 
Yb nuclei in the spin range of interest, it is a reasonably good approximation 
to assume a constant moment of inertia, and thus neglect the last term of eq. (3). 
The moment of inertia is then obtained directly; however, two problems must be 
considered. First, the background due to the low energy part of the exponential 
tail is poorly known. It is not even clear whether it continues up with decreasing 
energy, or falls off, as one might expect theoretically. We have taken it to be 
constant and equal to its value just above the bump, but a 10 to 20 J uncertainty 
is so introduced. The other problem is that this method only works provided the 
entire population goes through the spin region of interest, i.e. no side feeding. 
Me can estimate that this might be a reasonable assumption for spins in a given 
channel below the maximum spin estimated for the lower adjacent channel. For 
the 4n reaction of 183 MeV Ar + Te, this limit would correspond to the 
I-—, of the 5n channel, or about 35 t>. For all lower spin values this method 
max r 

should be approximately valid in the 4n channel. The enormous advantage of this 
method is that it can give moments of inertia continuously over a whole range of 
transition energies (spin values}. Changes in the moment-of-inertia must show up 
as irregularities in the height of the bump at the appropriate transition energy. 
A study of Fig. 10 in the applicable energy interval -- 0.7 to 1.0 MeV -- shows 
that while some interesting irregularities could be occurring, the unfolded 
spectrum is flat within the statistical uncertainties, and thus we have evaluated 
just a single moment of inertia for this energy region. 

The moment-of-inertia data for 1 6 2 Y b from the first method described above 
are shown as solid points on Figs. 11, which is a standard "backbending" plot, 
and the known low spin states of this nucleus have also been included. The 
open points are for adjacent nuclei, the odd-mass products of the 3n and 5n 160 reactions at high spin values, and the isotone Er (for which more states 
are known) at low spins. For comparison, the dashed line gives the rigid 

28 diffuse sphere value for mass 162 with an effective sharp radius of 6.70 fends. 
The horizontal line corresponds to the independent moment-of-inertia value obtained 
from the second method and covers the appropriate range of frequencies. The 
three shorter lines show the same data divided into smaller intervals (3 



-11-

chamels cf. Fig. 10), but our opinion is that this variation (and that of still 
finer intervals) night be just statistical. On Fig. 11 it is clear that th? values 
obtained fro* the two Methods are reasonable and in good agreement with each 
other. Also-the high-spin odd-Mass data do not differ significantly fro* the 

data. Since the defamed rigid-body value of the moment of inertia would 
be roughly another lot larger than the value given for the rigid sphere, it 
does seea that the Measured moaent-of-inertia values night be a little lower 
than expected, at least up to I~35 h. If so, this might indicate some residual 
pairing correlations at that spin value. It will obviously be of considerable 
interest to improve these methods in order to see more details of these moments 
of inertia. 

These methods are equally applicable outside the deformed rare-earth region. 
It ft1? Afl 

The energy spectra from the 4n and 6n channels of the reaction, Se + Ar, 
at 183 MeV, are shown in Fig. 12, together with the 4n channel from Te + Ar 
at the same energy. The effects are even more pronounced in these Te nuclei, and 
also correspond to higher spin values (due to reduced fission competition). Thus 
it appears that Moments of inertia at high-angular momenta can be studied by these 
techniques over a broad region of the periodic table. 

We are optimistic that these methods can give information about the changes 
(mentioned earlier) which might be occurring in these nuclei as the spin in
creases. The pairing strength can be estimated rather simply from the moment-
of'-inertia values, as mentioned above. The predicted rather rapid increase in 
deformation just prior to fxssion should be reflected in rapidly increasing 
moment-of-inertia values and this should be observed as a rise at the high energy 
end of the collective biap, in cases where sufficient angular momentum can be 
gotten into the channel. The Te nuclei discussed above are a good place to look 
or this effect. The isonaric states that should result from the high degree of 
particle alignment expected for oblate shapes should be easily observable between 
accelerator beam bursts provided some of them have lifetimes longer than ~ lnsec. 
Such experiments are extremely easy, though systematic searches have not yet 
been mode. Thus it seems that this area of high-spin studies is currently open 
and rather exciting. It is hard to predict just what may come out of it in 
the next few years 
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IV. Conclusion 
This paper has dealt mainly with the continuua gaaoa rays following heavy-

ion reactions. Information is just beginning to cone fro* such studies. The 
bulk of our information about high spin states in Bedim and heavy nuclei has 
come fro* studies of the discrete ganaa-ray lines following these reactions. 
The beginning steps of all three effects I have discussed -- loss of pairing, 
shape changes, and particle alignment -- are seen in these studies for states 
having spins around 20 ti or less. The contributed papers on high-spin states 
are concerned Mainly with such studies, so that you will hear about some of 
the progress in this area. Coulomb excitation has tuus far not contributed so 
much to our knowledge of high-spin states. But it is my opinion that when Xe 
and heavier beams become readily available, Couloni) excitation studies will show 
us some new aspects of high-spin states. 
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Figure Captions 

Fig. 1. Coulomb excitation of thick 1 7 4 Y b and 1 7 6 Y b targets with 585 HeV 1 3 6 X e . 
The labeled lines are those of the ground-state rotational bands in 
these nuclei. The out-of-bea* spectra were taken during the ~2S "sec 
interval between the ~3 Msec-long beam pulses of the SuperHILAC. 

Fig. 2. Gamma-ray line shapes of four transitions in the ground-state rotational 
band of .Could* excited by 595 MeV The errors on the 
measured mean lifetimes are 10-15*. 

Fig. 3. Gamma-ray spectra from a thin target of 1 7 4 Y b taken in coincidence 
with 1 3 6 X e ions scattered into angles between 80 and 100°. The upper 
spectrum has the additional requirement of a coincidence with a gamma 
ray of energy, 100 < E < 800 keV, detected in either of two 7.5 X 7.5 
cm Nal crystals. 

Fig. 4. Plot of excitation energy vs. angular momentum squared for a nucleus 
with A * 166. The yrast line is drawn as that of a rigid rotor with 
E * 0.0092. . The excitation energy and angular momentum range for 
the reaction 8 4Kr + 8 2Se + 1 6 6 Y b at 327 MeV are also shown. The 
fractionation of the angular momentum into bins is indicated, as is the 
point where fission and other processes dominate over the xn products. 
The lines separating the bins are, of course, not completely sharp in a 
real case. 

Fig. S. Excitation energy is plotted against angular momentum for a nucleus 
(with mass around 160) that is the product of an ( Ar,4n) reaction. 
The populated energy and angular momentum range is shown, together 
with the proposed gamma-ray cascades to the ground state. 

Fig. 6. Sketch of the experimental arrangement used in Berkeley for studying 
continuum gamma rays. 

Fig. 7. Singles Ge spectrum of 345 MeV Kr on Se, showing ground-band 
transitions in 1 6 2Yb(4n), 1 6 1Yb(5n), and 1 6 3Yb(3n) together with 
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82 S4 Gouloab-excited 2-K) ttansitions in Se and Kr. 

Fig. 8. Average nunber of continuum y-rays with E >0.6 MeV coincident with 
the lowest observed discrete transition (2**0* or 17/2**13/2*) 
vs. the average angular momentm in the reaction channel leading to 
that product. The circles, triangles and squares are for the Sn, 4n, 
and 3n reactions from 1 6 O » 1 S 0 a » (open), 8 4Kr+ 8 2Se (closed), 4 0Ar+ 1 2 6Te 
(half-closed). The parentheses on the Kr data indicate that con
siderable uncertainty in the values of T is introduced by the target 
thickness in this case. 

Fig. 9. The raw (dots) and unfolded (triangles) continuum spectra in coinci-40 dence with the full Ge-detector spectrum for 183 MeV Ar projectiles 
ft? i ?fi on Cu, Se, and Te targets. The straight lines are fitted to the 

unfolded spectrum between 3.2 and 6.2 MeV (solid portion) and extrap
olated to lower energies (dashed portion). The upper plots show the 
0°/90° intensity ratios for the raw data (dots) and for the unfolded 
data corrected for recoil motion (triangles). The error bars indicate 
statistical errors only. 

Fig. 10. The raw (open circles) and unfolded (closed circles) continuum spectra 
from the 1 Z 6Te( 4 0Ar, 4n) 1 6 2Yb reaction channel at 183 MeV bombarding 
energy. Also shown (triangles) is the 0° minus 90° spectrum from this 
channel. 

Fig. 11. Typical backbending plot (moment-of-inertia vs. square of rotational 
frequency) for Yb and neighboring nuclei. The solid points are for 
1 6 2 Y b (4n product) and the open points are for the 3n and Sn products 
measured by the first method described in the text. The lines correspond 
to the values determined by the second method described in the text, 
where the estimated uncertainty is shaded. Lower spin points for 

Yb and the isotone Er are also shown. 

Fig. 12. The histograms show the raw continuum spectra in coincidence with the 
(background-corrected) y-ray lines from the specific reaction prod
ucts indicated. Negative or zero counts are plotted at the bottom of 
the figure. The dots show the unfolded spectra in the lower-energy 
regions where the statistical variations are not too large. 
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Coulomb excitation with l 3 6 Xe 585 MeV 
*"* 2 direct gamma spectra 
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