Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
PHENOMENA AT VERY HIGH SPINS

Permalink
https://escholarship.org/uc/item/2g923g7s4

Author
Stephens, F.S.

Publication Date
1980-03-01

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/2q23g7s4
https://escholarship.org
http://www.cdlib.org/

LBL-10645

CORE — o643 - - H

Lawrence Berkeley Laboratory

i UNIVERSITY OF CALIFORNIA

fi'

Presented at the Conference on Band Structure
and Nuclear Dynamics, New Orleans, LA,
February -27 through March 1, 1980

PHENOMENA AT VERY HIGH SPINS

MASTER

F. S. Stephens

March 1980

Prepared for the U.S. Depariment of Energy under Contract W-7405-ENG-48

DIBTRIBUTION OF THIS ™ hinni®Y 08 oL ER



PHENOMENA AT VERY HIGH SPINS
F. S. Stephens

Nuc lear Science Division, Lawrence Berkeley Laboratory
University of California, Berkeley, CA 94720

ABSTRACT
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The present talk has three parts: first, a discussion of our
current ideas about the physics of very high spin states; second some
comments about noncollective behavior up to the nighest spins wnere it
is known, ~40 h; and finally, a presentation of the newest method for
studying collective behavior up to spins of 60-70 h. The intention is
that the overview presented in the first part will be sufficiently
broad to indicate the relationship of the noncollective and collective
behavior discussed in the other parts, and to provide some under-
standing of the compromise in behavior that seems to occur at the
very highest spins.

Yesterday we heard about some ™intermediate" spins between 20 and 30H, and
this morning about "low" spins in the range 10 to 20 h. Now I want to consider
the highest spins it is possible to siudy. A practical limit for studying
angular momentum is provided by the point where the fii ion barrier vanishes.
Beyond this spin the “nucleus"” lives for less than 10~¢Y seconds and only very
indirect methods can give information about the nuclear structure., The angular
momentum for 2ero fission barrier, given by the liquid-drop modell, is shown
as the upper solid curve in Fig. 1. A maximum of =100 h eccurs around A = 120,
with smaller valves at both higher ana lower masses. This limit would be appli-
cable if we could produce nuclei in their ground states. In fact, the only way
known at present to produce nuclei with
these angular momenta is the heavy-ion
compound-nucleus reaction, and it, in
general, leaves the nucleus highly
excited. In order to survive fission
these nuclei must decay faster by some
alternate mode to a point below the
fission barrier. This channel usually
is particle evaporation, and empiri-
cally it is found that the particle
evaporation is faster whenever the
fission barrier is greater than about
| 8 MeV. The dashed line on Fig. 1 g1 es
the location of an 8 MeV fission
barrier, ang this is seen to occur at
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=70h for A = 120 and again, lower for
both higher and lower masses. This
S ——zb5— = constitutes an estimate for the highest
a I spins we can conveniently study in
nuclei, though for A < 100, alpha-
particle evaporation can sometimes set
an even lower limit.
Figure 1
Fission barrier of zerp (solid line} There is now developing a
and 8 MeV (dashed line). The stable reasonably comprehensive overview of
shape is oblate below %; ana the physics of high-spin states. 1
triaxial tetween ¢y and g#[f. will begin the discussion of it by
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- discribing the collective behavior of a classical system, and then consider the
"~ effects introduced by the microscopic and guantal aspects of nuclei. It is
-assumed that the nuclear flow pattern is rigid, corresponding to the expectation
that the pairing correlations in the nucleus will be quenched for I > 30 h. Two
shapes, oblate, O, and provlate, P, are shown in Fig. 2, and each is considered
to rotate around either of two axes — the symmetry axis, S, or an axis perpen-
dicular to the symmetry axis, L. (Triaxial shapes would represent intermediate
cases.) The moments of inertia of these systems are compared with those of a
rigid sphere, Jy; and with the above assumptions, their calcuation is simply a
geometrical problem. The results, to Towest order in the deformation, B = aR/R,
are given in Fig. 2, and one sees that the oblate shape rotating around its
symmetry axis has the largest moment of inertia for a given deformation, a
result well known to account for the shape of the earth and rotating galaxies.
These expressions for the moments of inertia are only lowest-order astimates for
moderate deformations. In fact, for deformations around g8 = 0.3 significant
corrections are needed, and for g ~ 0.8 the P-1 moment of inertia exceeds that
for 0-S, in contrast to those in Fig. 2. If we now consider a nucleus with
A ~ 160 and B = 2.3, then the rotational energies for these shapes are shown on
the right sice of Fig. 2. The energy of the oblate shape rotating about its
symmetry axis is, of course, lowest, corresponding to its having the largest
moment of inertia.

To these classical enargies we have to add the shell energies which are, on
the average, 3-4 MeV, and favor one or another of the shapes and axes depending
on the particular nucleon orbits near the Fermi surface. For I < 30 h, it is
seen that the 3-4 MeV shell effects are large compared to the differences in
energy due to the various shapes. This means that the shell effects dominate
the geometrical aspects for these angular momenta. On the other hand, tor
I > 40 h, the differences in the energies in Fig. 2 become larger than the shell
efirects and one expects to find predominately oblate shapes rotating about the
symmetry axis, 0-S, or prolate shapes rotating about an axis perpendicular to

the symmetry axis, P-l.
Now comes the question

0-L of collectivity. Rotation
I~,1-038) about an axis perpendicular
[ 0 to the synmetry axis is
o.s T T T JP-S allowed quantum mechan;ca]ly,
- A~160 2o so that this corresponds to a
G- T~%(1+088) S0~ §~03 /74 real collective rotation,
sl // P-L implying bands having smooth
_ Y7/l energies and strongly
2 2l / // enhanced B(E2) values. The
2 I y known rotational nuclei are
P-1 “ oo ///‘ mostly of the P-t type, but a
T~ (1+038) I~ /// 7 few cases thought to be 0-t
<= / are known. A quantal system
, P-S o 7] cannot rotate collectively
T~Ty (1-0.68) : i
7 ° ok | 1 about its symmetry axis.
0O 20 40 60 80 (00 What is meant by such a
LY rotation has recently been
xBL 77616494 elucidated by Bohr and
MottelsonZ, who point out
that for such a case the
Figure 2. angular momentum is carried
The left side shows the lowes' order estimate by a few individual nucleons
for the rigid-body moments of inertia of pro- whose angular momenta are
late and oblate shapes rotating about various aligned along the symmetry
axes, The right side shows the corresponding axis, and hence it is not at
energy trajectories for g = 0.3 and mass all colle-tive. However,

number 160. 2 they showed that for a Fermi



gas, the average trajectory of these levels was the same as that of the
corresponding shape rotating classically about its symmetry axis. Thus there
are no bands and no enhanced B(E2) values, but the energy estimate of Fig. 2
still pertains, on the average. -Since this is strictly a single-particle
picture, one could wonder why the concept of rotation about a symmetry axis is
- introduced for nuclei. There -are two-reasons, I think. One is for the simple

estimate of the average energy of such states as given 2bove, and the cther is
to incorporate both the collective and non-collective types of behavior in a
single simple conceptual frame.

This difference in behavior is illustrated in Fig. 3 which $hows the
non-collective yrast line for 19%Er ana the collective one for 198py. These
two lines have about the same general shape, since for 8~ 0.3. The differences
expected in Fare not large (and, in any cas§ are dominated in this spin range
by shell effects). However, the rotational 580y nucleus has a very regular
band structure, with smooth energies and lifetimes decreasing regularly from
2 ps to 0.2 ps between spins 10 and 26 h. Nuclei in this region are known to
have prolate deformation. By contrast, the non-collective or shell-model
nucleus 194Er has a rather irregular yrast line, end lifetimes that vary
randomly up to ','104 times longer than those for 1580y at the same spins.
Nuclei in this region are either spherical or oblate, as will be discussed below.

The most detailed studies of spin states in the region above 30h, involve
y-decay following heavy-ion fusion reactions. In such reactions (under the
proper circumstances) neutrons or charged particles are first evaporated and
remove most of the excitation energy. The y decay then occurs in the region
between the yrast line and a line roughly one neutron binding energy above it.
This region is illustrated in Fig. 4, and the decay path is sketched for four
different spin inputs. It is apparent that two types of y rays occur: those
that cool the nucleus to or toward the yrast line, called "statistical;" and
those that are more or less parallel to the yrast line and remove the angular
momentum, called "yrast-like." At each point there is a competition between
these two types. The statistical y-rays depend only on average matrix elements
ana level densities, and do not contain much nuclear structure informaticn. The

yrast-like y rays can be
collective or not, and do
contain information about the
nuclear structure. The com-
—— petition between these types
- YRAST LINE: “%py, - depends on the excitation
bl energy, which affects the
level densities, and also on
Q::) the degree of collectivity,
¥ N ot which produces faster
. oen i (enhanced) yrast-like
N am transitions.
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i There is another
/ = o 1ps = 10" division of the y rays, into
o d, \ . those that are resolved in
o ookl ot %0 won T T oot the spectrum and those tnat
(ANGULAR MOMENTUM)?, 11111 (ANGULAR MDMENTUM]’. 1)K are not_ In ovrder to be
w:2w resolved, a transition must
have a sufficiently large
population (as a rough esti-
mate, one percent}, and this
Figure 3. is not generally the case for
Non-collective yrast line for the nucleus, the higher excitation ener-
S4gr (left), and the collective yrast gies, since there are
line for the prolate deformed nucleus, 158py thousands of possible path-
{right). ways. Only up to spins 20 cr
3
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Figure 4.
Typical y-ray deexcitation pathways
to the ground state. The statistical
transitions are the vertical arrows
which lower the temperature of the
system, whereas the yrast-like tran-
sitions are roughly parallel to the
yrast line and remove the angular
momentum of the system.

Figure 5.
Level scheme of
1520y_

30 b (heavy arrows in Fig. 4) does
enough population collect in the yrast
or near-yrast states, to produce re-
solved lines. In just two or three
cases this has gone as high as 36 or

37 h, and these cases will be discussed
here. For the higher spin transi-
tions one must work with unresolved, or
“continuum" spectra, and the most
exciting new technique being developed
for this purpose is discussed in the
last part of this talk.

Non-collective nuclei have so far
been studied anly by techniques involv-
ing resolved y-ray; prcbably for two
reasons., The first is that they lack
the regularity of collective behavior
and thus would be nearly hopeless to
study without a resolved spectrum. And
the second is that the lack of collec-
tive transitions makes the yrast-like
y-rays slower, so that the statistical
transitions compete better and cool more
of the population intensity to the yrast
line at relatively high spin. A result
is the occurance of resolved lines up to
cons iderably higher spins than in
collective nuclei. This population
pattern is discussed in a contribution
to this meeting by Wakai. The most
exciting region of nuclei for studying
such behavior right now is just above
82 neutrons, around Z = 64, and I want
to discuss that region breifly.

The first level scheme to be worked
out gg to spins as high as 36% was that
of 152py studied by Khoo et al.% It
is shown in Fig. 5. By contrast, one of
the most recent level schemes studied in
this reyion is that of 150Gd, which is
a contribution to this meeting by
Baktash et al, and is shown in Fig. 6.
These nuclei show the irregular level
spacing and the existence of isomeric
states that are characteristic of this
non-collective mode of excitation in
which individual particles provide the
angular momentum. But the transition
energies are not completely random; with
very few exceptions they fall within the
limits (700 + 200) keV. Also, there are
no E3 transitions, as might be expected
from a pure spherical potential {and
indeed are seen in the nuclei above
ZOBP?g. Another aspect, pointed out
for der shown in Fig. 3, is that
thare are sequences of y-rays of almost
constant intensity which are of the same
(E2) multipolarity and connect levels of



the same parity. These two- or three-
step sequences have transitions of

(600 + 100) keV- and are connected to
each other by lower energy lines. So
there are certainly elements of weak
collectivity present, waiting for a more
detailed understanding.

A striking feature of these level
schemes is illustrated in the plot of
excitation energy vs I(I + 1) for

92py in Fig. 7. TInitially the exper-
imental data rise rapidly, due to a
decrease in the pairing, and then at
about spin 16 h turn over into an
approximately straight line up to the
highest spin, 36h. The slope of this
fong straight portion of the curve leads
to the determination of an effective
moment of inertia. For 154Er (Fig. 3)
Figure 6. this, yields 2Fnd = ~140 Mev-1 and
Level scheme of for 152py, ~142 MeV-1, These values
150gq, are 10-15 percent greater than tnose of
a rigid diffuse sphere of the appropri-
ate mass. This increase could be con-
sidered an indication of deformation,
1 and if so taken, would correspond to
015 20 25 30 35 37 g = 0.2 for a deformed oblate shape, a
o T T L rather large deformation. Certainly for
collective rotation, the slope of the
curve, and hence the effective moment of
inertia, is thought to bear a connection
to the deformation of the nucleus. But
here, near a magic number, where the
angular momentum is being carried
iargely by a few particles aligned along
] the rotation axis, it seems more likely
1Ons N that shell effects will be large and
might affect this slope. Results of
. . % several recent calculations support this
. view. For example, Fig. 8 shows curves
] A calculated for several nuclei with
o 5°ﬁl”)[ﬂ]m°° 1500 neutron numbers around N = 82 using a
- nro cranked sghgrical Nilsson potential and
BCS pairing? and it can be seen that
due to shell effects even larger differ-
Figure 7. ences in slopes appear than are seen in
Plo’. of engrgy vs I(I + 1) for yrast experiment. Simjilar results are found
levels of 9 Dy assuming I = 17 for by Leander et a16, and these authors
the 60 ns isomer. point out the importance of pairing in
calculating these moments of inertia and
the configurations of states along the
yrast line. Thus, at the present time, it seems likely that slopes such as that
in Fig, 7 cannot be used to indicate deformation. Values for these nuclei must
be determined by another method.

™ L

The measurement of the static quadrupole moment of a state gives clear
information about deformation, and such measurements can in principle be made on
nanosecond isomers using perturbed angular distribution technigues. The first
such determination’ at high spin for_nuclei in this region has been performed
on the {1 ~ 49/2%) 500 ns isomer in 1%7Gd at 7.50 MeV excitation energy.
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TTeeTerm T I ETm e The quadrupole moment
3 obtained was (3.14 = 0.17) b,
from which a deformation B
of -0.18 was derived (the
- negative sign was assumed).
This is a reasonably large
deformation, two or three
- times that implied by the
: allgned partlc‘es alone.
Thus it is the first real
indication that sizeable
oblate deformations might
- exist in this region. Never-
theless, these are very
difficult experiments, and

- asn208
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o i 50 W e more such data are badly
12 needed.
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Resolved lines in nuclei
around N = 82 can be found

Figure_8. only up to ~36 h. To go
Plot of energy vs IZ for the yrast higher in spin one must study
levels of nuclei with the indicated the unrecolved spectrum, and
neutron number as calculated with a some work in that direction
rotating spherical Nilsson potential. has been done. A group at

grsay has recently studied
4Er in comparison with
160§r by bombird1ng targets
1 — T 9sn and 128sn with

9Gn + 40Ar 12450 +40AF OAr beams of appropriate
{A\f\\ 185 MeV
0|~

170 MeV energy. They employed a
multiplicity f1]ter, NaI
detectors at 0° ard 90°, and
a Ge(Li) detector to provide
a gate on transitions from 4n
and 5n praducts. The 164¢y
compound nucleus has an un-
- resolved y-ray spectrum
(Fig. 9) showing the char-
R acteristic yrast bump below
0 - - 1.6 MeV with a flat_region
below 1 Mev. The L5%r
; . compound nucleus has a very
) 2 % 2 2 different spectrum showing
£, (MeV) two bumps below 1.6 MeV
¥ . separated by a valley at
about 1 MeV. The low-energy
bump has a high intensity and

Counts per channel

Figure 9, contains all the known dis-
Unresolved Y spectrum from targets of 1195n  crete transitions around
(1eft) asd 124sn (right) bombarded with 40ar 0.7 MeV connecting states

with spins up to 36 h. The
higher bump starts at ~1 Mev,
and above its maximum at

1.3 Mev seems to resemble the upper part of the rotational bump in the
159,160¢r product nuclei. This second bump develops very strongly with
increasing multiplicity, showing that it comes from the highest spin states
populated. The multipole composition of the y-ray spectra, deduced from the 0°
andg 9u° intensities with the assumption of onl{ stretched dipole and quadrupole
transitions, shows that the upper bump in SEr consists mainly of
stretched quadrupole transitiens. This is not true for the lower peak, which

6
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has a large fraction of dipoles, in agreement with the known discrete lines in
154,155, The calculated spin at the top of the cascade is ~60 h and the
moment of inertia is then ~150 MeV-1. The evidence seems quite good that, at
about spin 40 h the products 154,155fr switch from oblate (or spherical) -
nuclei, carrying angular momentum by alignmert of their nigh-j particles, to
strongly deformed nuclei rotating collectively. The experiiental results do not
determine whether these shapes are oblate or prolate, but tne similarities with
the heavier Er nuclei suggest the latter.

I have already moved into the area of unresolved spectra, and from the
previous discussion it can be seen that many techniques have been developed for
such studies. the average transition multipolarity can be determined by angular
correlation and conversion coefficient studies, the collectivity by lifetime
measurements, and moments of inertia by relating gamma-ray energies to the spins
of the states that emit them, But recently a technique has emerged that prom-
ises to give much greater detail about high-spin states than such methods.

Thus, rather than attempting a review of this entire field, I want to spend the
rest of my time discribing these gamma-ray energy correlation methods.

The y-ray spectrum from a rotational nucleus 1is highly correlated in time,
spatial distribution, and energy. Part of a rotational energy-level diagram is
st.own on the left side of Fig. 10, and the corresponding y-ray spectrum on the
right side. This spectrum is seen to be composed of equally spaced lines, up to
some maximum energy corresponding to the decay of the state with highest angular
momentum, Inay. There are at least two kinds of correlation in this spectrum.
Une is of the maximum y-ray energy with Inax, and that has led to the evalua-
tion of effective moments of inertia in many rotational nuclei. The correlation
that will be discussed here is that between y-ray energies. One illustration of
this correlation, which is immediately obvious from Fig. 10, is that no two
y~rays have the same energy.

A schematic two-dimensional spectrum of one y-ray energy against another for
a rotational nucleus is shown in Fig. 11. The dots represent the location of
coincidences between y~-rays de-exciting states up to I = 14 in a perfect rota-
tional band with moment of inertia . However, different bands might have some-
what different moments of inertia, ana the 1ines through the dots represent
bands having moments of inertia differing by #10 percent from7}. It is also
well known that nuclei align angular momentum at relatively low spin values, and
the crosses in Fig. 11 are coincidences between transitions from spins 16 to
26 h in a band having 1i h aligned, also with a moment of inertia¥. The light
lines through the crosses again represent aligned bands differing in 7 by
+]10 percent. It is clear that even i7 bands are populated that differ consider-
ably in moment of inertia and aligned angular momentum, a strong pattern remains
in the two dimensional y-y coincidence spectrum. The valley along the diagonal,
representing the absence of transitions of the same energy, is not at al}
filled, and the first ridge adjacent to it is rather clear. (Notice, however,
that a single band with a changing moment of inertia or alignment has not been
considered.) It is then of considerable interest to know whether these
correlations are present in real spectra at very high spins.

To perform such correlation experiments requires good statistics and a
method to reduce the number of uncorrelated events. A typical experiment might
involve four detectors, resulting in six independent pairs. After equalizing
the gains, every coincidence can be plotted on a single two-dimensional matrix.
A background of uncorrelated events, ﬂi-, is then subtracted from this y-vy
matrix. This background is calculated gor the point ij from the proje<tions of
the row, ﬁ”iks and the column, ENIJ’ on the assumption that every observed

y-ray is equally probably in coincidence with every other observed one. The
correlated two-dimensional spectrum is then:
7
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Figure 10. Figure 11.

Schematic energy level spectrum of Schematic cerrelation plot for a

a rotor on the teft, and its y-ray rotational nucleus. The dots locate

spctrum on the right. the coincidences for a band with
spins up to 14h and moment of inertia
3, and the heavy lines show the
effect of bands where I differs by
+10 percent. The crosses show the
location -of coincidences in a band
with spins 16 to 26 h, 11 h of

- aligned angular momentum, and moment

of inertia ¥. The light lines again
show the effect of bands differing
in F by 10 percent.

There are some problems with this subtraction method, and others are being

explored, but it seems clear that the results discussed here are not much

aftected by these probiems. The first successful experiment was made by

Angersen et al.d, however these experiments were limited by beam energies to
8



rather 1ow angular momenta. 1 will discuséfa later study10 applying this-
method to a system where the maximum angular momentum the nucleus can hold was
brought in. ’ -

The correlated spectrum for the system 12450 + 408,164, * 4t
185 MeV 40aAr energy is shown in Fig. 12. -Three features, believed to be
general, have been pointed out. First, there is a distinct valley along the
diagonal up to about 1 MeV (spin 40%) having a measurable width, and there is
some possibility this valley also exists in the region above 1.1 MeV. Second,
there are a few bridges across this valley beginning as low as 0.55-0.60 MeV,
and continuing as far up as the valiey persists. Also there are irregularities
in the ridges alongside this valley. Finally, there is a general filling of the
valley above ~1 MeV, which is rather complete around 1.1 MeV. There are many
other features in Fiy. 12 that one would hope to understand; however, thus far
only these three have been carefully considered. ’

Figure 12. Figure 13.
Correlation spectrum from the reaction Schematic illustration of the bands
124Sn(40Ar,xn)164‘xEr at 185 MeV. The in a decay pathway (solid lines)
data were taken on GelLi detectors and and their envelope (dashed lines).

treated according to Eq. 1. The plot
shows contours of equal numbers of
correlated events, whers the darker
regions have more counts according

to the scale at the right edge.



The interpretation of these data is somewhat speculative, but promises to be
quite interesting. The type of decay pathway envisioned is illustrated in
Fig. 13. The scalloped pattern represent successions of rotational bands
through which the population flows to the ground state. The transition between
bands might be a simple band crossing as shown, or might occur via a statistical
transition from a higher band (change of temperature); the assumption is that
the band character is not a strong function of temperature. (This is not known
to be the case, but represents the simplest starting assumption, and there is no
evidence to the contrary.) The mathematical description of such a band structure
is reasonably straightforward. The energy in each band is given by:

2 2
2 . h = 22 .
E(I) = 5= R® + E(§,) = 53— (I-3,)° + E(5,) 2
Zon at o Wy @ 2

where 3¢g11 is the moment of inertia for collective rotation, ji is the
aligned arguiar momentum, E(ja) is the bandhead energy for the aligned bands,
and one is neglected compared to I-j,. One possible assumption is that

3.011 and j; change smoothly with spin in a band; however, that is not what
happens at low spins in the backbending region and it is not suggested by the
irregularity of the observed correlation spectrum at high spins. The other
limiting assumption is that taken in Fig. 13; that 3bo]1 and jy are approxi-
mately constant in a band and change sharply between bands. In fact, 377 is
also taken to be constant in Fig. 13, and only j, and E(j;) change between
bands. It is apparent that Eq. 2 describes a parabola, displaced from the origin
horizontally by ja and vertically by E(j,;)}, and the bands in Figure 13 are
sections of these parabolas. The y-ray transition energy within one of these
bands, holding J;o17 and ja constant, is:

dE) .

2
5 sz —A-i) 3

E 011 coll

a’*“c
The usual form of this equation for a rotor, can be approximated:
2

h
£ a1, 4
Y 234

where ja = 0, corresponding to no horizontal displacement. This just gives
the envelope of the bands and is the dashed curve in Fig. 13. This moment of
inertia must be "effective" since the spin I is compcsed of both collective
rotations, R, and aligned angular momentum, ji. The relationship between the
moments of inertia is then:

I
Jeff = -3, Feom .

Since jy is expected to be large -- around one half of I in the_backbend
region, ana probably not relatively smaller at higher spins —- 3477 must be
much smaller than Fo¢f, reflecting the fact that a single particie cannot
contribute fully both to the aligned angular momentum and to the collective

10



moment of inertia. Only ! and E, are usually measured, so it is Foff that
is normally determined and found to be roughly equal to the rigid-body value.

The width of the valley in a correlation spectrum is related to the
difference between successive transition energies, or to the curvsture of the
energy expression {Eq. 2). Assuming again *hat these occur within a band of
constant 3¢517 and ja:

2. ?
o, = 4(1%) . -8 2.;‘ ) 6
a1?/ 3, 2 Feomy o1l

Thus, the valley width measures 3%0]] and should give values considerably
smaller than the T,¢f determined from y-ray energies. The first results on
this pointl0 suggest that this is indeed the case, with vzlues of Jcq17 as
low as ~0.6 3off. However, these results are tentative and more data are
neeaed. If 3.g11, Jeff» and I can be reliably measured, then one can obtain
Ja» which would be a very interest:ng quantity te know for these high-spin

states.

Tne lowest-energy bridges in Fig. 12 are due to known backbends in the
nuclei produced. The l§;ge one at 0.55 MeV (w ~ 0.27 MeV) corresponds to the
first backbends in 158gy and 160Er (the major even-even products). Back-
bending or upbending behavier implies several y rays of similar energies in the
banc¢ and thus tends to fill the valley. The work discussed by Lee Riadinger
yesterday demonstrated that a given leve? crossing will show up in many bands at
the same rotational frequency (the same y-ray energy). This must be true for
the second large bridge at ~0.8 MeV {w ~ 0.42 MeV), at the location of the second
backbend in 158Er, since the pepulatien of that backbend in the yrast sequence
is quite weak but the bridge is a prominent feature. It is known that the first
backbend in this region of nuclei involves the alignment of two i3,z neutronms,
and the second probably the alignment of two hy),p protons. There are at
least two more higher—energy bridges in Fig. 12, each of which must involve many
bands since they have not been observed in any discrete-line studies. It is not
yet clear which orbitals are involved in these higher bridges. However, the
general behavior up to about 1 MeV y-ray energy seems reasonably clear--a deep
valley reflecting goad rotational behavier, and a few large irregularities in
both the valley and ridge structure resulting from alignment of specific high-j
orbitals.

Above 1 MeV in Fig. 12 the valley is largely filled, and completely so in
places. It is not really clear what causes this, but a reasonable extension of
the features described above seems able to do it. The bridges are caused by
level crossings, and around deformation g = 0.3 and frequencies 0.5 MeV
(E, = 1.1 MeV), there are a a number of special levels calculated to come
steeply down to the Fermi surface, crossing many other levels. For protons,
these special levels come from the shell above (N = 5 with N = 6 intruder), and
in fact correspond to the highest aligned i13;2 (N = 6) components together
with the most aligned hgyp level. An N = 6 level coming down into the
basically N = 4 shell (Aﬁ:Z) is particularly interesting since it has the same
parity and thus can mix into these levels. The neutrons in this region dc¢ the
same thing (N = 7 (jj5;/2) coming into the N = 5 shell) at about the same
frequency. Thus one might expect many level crossings and very disturbed
rotationa) banas. Perhaps this can account for the general filling of the
valley in this region. If true, it could be a reasonably general phencmenon
implying tendencies for the nucleus to become more triaxial and more defermed.
1t wil? be interesting to try to verify sucl behavior.
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Studies of very high spin states are exciting right now. We are learning a
lot about non-collective behavior — how it is related to nuclear shapes, and
how collective features are introduced. Collective behavior at the highest
spins seems id be the general case, though non-callective aspects — especially
increasing numbers of aligned s1ngle particles —- are indicated. It appears
that nuclei reach some comoromise at very high sp1ns, and we are rapidly
learning more ahout the nature of this compromise.
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