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New high spin states and band termination in83Y and 84Zr
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The gamma decay of high spin yrast states in83Y up to Ip559/21 and 53/22 have been observed using the
reaction58Ni( 29Si,3p) at 110 MeV and the Gammasphere Early Implementation Array. The level scheme has
been substantially extended due to the observations of several new transitions in all of the bands. A sequence
of transitions feeding into the positive parity yrast band aboveIp547/21 seems to be consistent with a
noncollective oblate structure expected at these high spins. A similar cascade is found in the data for84Zr. A
new forking of the favored negative parity band is found which may be due to neutron alignment polarizing the
core to a different shape. This suggests that the ‘‘isomeric’’ band in83Y, for which one more connecting
transition was found, is of a similar nature to other high-K bands found in this region. Lifetime measurements
in the unfavored negative parity band are consistent with cranking calculations which predict a nearly oblate
shape with a deformation parameterb2'0.2. A qualitative analysis of line shapes at very high spins suggests
the persistence of collectivity in the yrast sequence to the highest excitations seen.@S0556-2813~97!03603-0#

PACS number~s!: 21.10.Re, 21.60.Ev, 23.20.Lv, 27.50.1e
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I. INTRODUCTION

Large deformation, reduction in pairing, and rapid alig
ment of nucleons characterize nuclei in the neutron defic
A'80 region. The low level density, the existence
strongly shape-driving orbitals near the Fermi surface,
large deformed shell gaps all lead to a wealth of interes
shape polarizing phenomena at all spins. Some of the nu
near theN,Z538 gap have large ground state (b250.4)
prolate deformations while recent experiments@1–6# have
revealed ‘‘superdeformed configurations’’ in nuclei wi
their neutron Fermi surface nearN544. The motivation of
the present study was to search for the predicted highly
formed structures and possible band termination effect
theN544 isotones84Zr and 83Y by means of Doppler shift
attenuation~DSA! lifetime measurements andggg coinci-
dences. In addition, new information was expected, es
cially on the lifetimes of non-yrast states which shou
clarify their shapes and the aligned-particle configuratio
that cause them.

TheN544 isotope83Y has been investigated in detail b
several groups@7–10#. The level structure was known t
tentative spins and parities 49/21 and 45/22. Comparisons
with the crossing frequencies predicted by cranking calcu
tions @10# suggest that the first backbend occurs
\v50.55 MeV and that it is due to a neutron alignment.
similar comparison for the negative parity unfavored ba
indicated an initialg9/2 proton alignment followed by ag9/2
neutron alignment. Lifetime measurements@5,11# demon-
strated that the structure of the positive paritya511/2 band
550556-2813/97/55~3!/1108~11!/$10.00
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is consistent with a large prolate deformation which d
creases with increasing spin. A somewhat less deformed
axial shape was predicted@10# for the unfavored signature
partner. Calculations presented in Ref.@10# also predicted
the presence of highly deformed prolate structures w
b2'0.43, however such a structure was not found in t
experiment@10#.

II. EXPERIMENT AND ANALYSIS PROCEDURE

The reaction 58Ni( 29Si,3p) at 110 MeV was used to
populate high spin states in83Y. The experiment was per
formed at the 88 inch Cyclotron at Lawrence Berkeley N
tional Laboratory using the Early Implementation Gamm
sphere array@12# with 33 detectors. Two experiments we
carried out using thin and thick targets. The thin target
periment consisted of three stacked58Ni targets with an av-
erage thickness of 341mg/cm2. The thick target experimen
consisted of a 788mg/cm2 foil on a 15.3 mg/cm2 Au back-
ing and tilted 45° relative to the beam axis. A minimum
threefold coincidences between Compton-suppressed Ge
tectors were required and 2.93108 triple events were col-
lected for the thin target experiment and 2.33108 events for
the thick target experiment. The recoil velocity averaged
v/c50.0280 via the calibration of known lines in84Zr from
the thin target experiment.

The analysis was done by first presorting the raw eve
to specially formatted tapes. Thin target data were furt
sorted into a Hackman-Kuehner@14# symmetrized cube. Pro
jections from the cube were made using ‘‘gator’’@15# and
1108 © 1997 The American Physical Society
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55 1109NEW HIGH SPIN STATES AND BAND TERMINATION . . .
FIG. 1. Spectrum of83Y from Early Implementation Gammasphere based on double-gating with combinations of the low-lying tra
tions. Some of the new transitions are labeled with an asterisk.
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‘‘butcher’’ @15# software. The background subtraction proc
dure used the FUL method described in Ref.@16#. The data
were also sorted into angle dependent primary gated mat
from which secondary gates were used to project out spe
for specific angles, using the codesSMATNL @13# and GG

@13#. The angle dependent matrices from the thin target d
were used to determine empirical asymmetry ratios that
related to directional correlation ratios of oriented nuc
~DCO!. To maximize statistics, the matrices combined
forward angle~relative to the beam axis! detectors agains
the six 90° detectors, and similarly for the back angle det
tors. The ratios were then checked against known multi
larities. The thick target data were similarly sorted into an
dependent primary gated matrices to project out spectra
line shape analysis. To maximize statistics, spectra from
five detectors at 32° and the five detectors at 37° were c
bined to an average angle of 35° for the line shape analy

III. THE LEVEL SCHEME

A. Positive parity bands

A spectrum showing transitions connected to the favo
positive parity band is shown in Fig. 1. The spectrum w
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generated by combining spectra from different double ga
of all known transitions within the ground state band. Ne
transitions are marked with an asterisk.

The intensities of all transitions which could be measu
are compiled in Tables I and II along with empirical angu
asymmetry ratios determined from the primary energy ga
angle dependent matrices. The relative intensities were
termined from gating on all lower transitions, efficiency co
rected, and normalized to the same lines used in Ref.@10#,
for comparison purposes. Intensities for the lowest tran
tions from Ref.@10# are also presented for completeness.
determine asymmetry ratios, pureE2 transitions were used
for both primary and secondary gating conditions. The e
pirically determined asymmetry ratios are related to the t
oretical DCO ratios. They provide a differentiation betwe
stretched quadrupole and dipole transitions and alsoDI50
dipole transitions. Lettingg1 denote the primary gating tran
sition, they are defined as

Rasym5
Y~g2 at u1 gated byg3 atu2!

Y~g3 atu2 gated byg2 atu1!
~1!

with Y denoting the intensityu1 , all angles forward or back-
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1110 55T. D. JOHNSONet al.
ward, relative to the beam axis, andu2590°. With the cho-
sen geometry, a check was made against known transit
the asymmetry ratios areRasym51.0 for DI52 or DI50
transitions andRasym'0.5 for stretchedDI51 dipole transi-
tions.

The level scheme depicted in Fig. 2 was constructed fr
double gated spectra, similar to the one shown in Fig. 1.

We adopt the band level labeling scheme used in R
@10#, namely that the positive parity favored signatu
(p51,a511/2) and the positive parity unfavored sign
ture (p51,a52) bands shall be referred to as the~1,1!
and ~1,2) bands, respectively. Similar labeling is used f
the negative parity bands. Several of the new transition
the level scheme can be seen in Fig. 2. In addition to

TABLE I. Energies, intensities, and Rasym ratios for thep51
bands in83Y.

Ex~keV! Eg ~keV! I i
p I f

p Yrel
g Rasym

595.3 595.3 13/21 9/21 962~70! a –
1406.9 811.6 17/21 13/21 800~70! a –
2371.3 964.4 21/21 17/21 626~26! 1.05~7!

3451.6 1080.3 25/21 21/21 433~22! 0.97~8!

4644.4 1192.8 29/21 25/21 284~18! 1.04~11!
5984.7 1340.3 33/21 29/21 171~14! 0.94~8!

7471.2 1486.5 37/21 33/21 100~11! 1.04~11!
8443.3 2458.6 – 33/21 2.2~19! –
9077.0 1605.8 41/21 37/21 68~9! 1.10~15!
9600.8 2129.6 – 37/21 2.8~18! –
10004 2533 – 37/21 – –
10830.9 1753.9 45/21 41/21 23~5! 1.15~30!
12796.6 1965.7 ~49/21) 45/21 6~3! –
13029 2198 47/21 45/21 2~1! 0.37~22!
13043 2212 ~47/21) 45/21 1.8~14! 0.83~43!
14890.5 2093.9 ~53/21) ~49/21) 1.0~9! –
14956 2159 ~51/21) ~49/21) 2.0~15! –

1913 ~51/21) ~47/21) 1.0~9! –
17096 2154 ~55/21) ~51/21) 1.3~12! –
19461 2365 ~59/21) ~55/21) 1.0~9! –
145.4 145.4 7/21 9/21 – –
738.2 592.8 11/21 9/21 – –

736.8 11/21 7/21 – –
1532.5 794.3 15/21 11/21 – –

937.4 15/21 13/21 – –
2429.0 896.5 25/21 21/21 132~10! –

1024.0 19/21 17/21 12~5! –
3395.4 966.4 23/21 19/21 100~12! –

1025.2 23/21 21/21 8.7 –
4487.5 1092.1 27/21 23/21 68~8! –

1037.0 27/21 25/21 12~4! 0.54~13!
5747.4 1259.9 ~31/21) 27/21 59~8! –

1103.1 ~31/21) 29/21 5~1! –
7178.6 1431.2 ~35/21) ~31/21) 40~8! –

1195.7 ~35/21) 33/21 – –
8712.5 1533.9 ~39/21) ~35/21) 38~3! –
10360.0 1647.5 ~43/21) ~39/21) 12~4! –
12244.9 1884.9 ~47/21) ~43/21) 10~4! –
14029.3 1784.4 ~51/21) ~47/21) 9~4! –

aIntensities from Ref.@10#.
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decays which have been located, several new transitions
longing to this nucleus were found, which could not be u
ambiguously placed. Several problems in the assignm
were encountered: the width of high energy transitions a
ing from recoil into vacuum, the presence of close-lying do
blets, and the irregular sequences of transitions at hig
spins. For example, the 2093 keV transition can barely
distinguished on the left shoulder of the 2098 keV line
Fig. 1. Triple coincidence spectra show that the 2098 k
line is in coincidence with several members in the yr
band, but the poor statistics obtained when gating with tr
sitions higher in the band do not permit a firm placeme
However, those spectra do show an increasing dominanc
the left shoulder at 2093 keV, and spectra based on g
combinations of high-lying lines~above 37/21) coincident
with lower-lying transitions show a clear centroid at 20
keV with no peak or shoulder centered at 2098 keV. Th
double gated spectra also show a complete disappearan
the high energy transitions at 2130, 2533, and 2459 k
Careful gating selections, using transitions systematically
the band in combination with the 595 and 811 keV line
show that these directly populate the 37/21 and 33/21 states.
Angular asymmetry ratios could not be determined for th
lines due to the low statistics in the angle dependent matr
when using only clean gates. An asymmetry ratio was m
sured for the 2198 keV line, and although the error bars
large, they are still consistent with aDI51 transition. The
similarity in energy and placement for the 2212 keV pea
also populating the (45/21) state, suggest that it is also
DI51 transition, however, the larger uncertainties in t
asymmetry ratio only permit a tentative assignment. T
2159 keV line was located and found to be a doublet whe
was used in gating combinations with other members of
yrast cascade. The energy centroid of its doublet partne
clearly established to be 2154 keV. This placement is a
supported by the 1913 keV transition in coincidence with
2154 keV transition. A spin-parity assignment of 51/21 is
tentatively assigned to the 14 956 keV level since the

TABLE II. Energies and intensities for thep52,a511/2
band in 83Y.

Ex~keV! Eg ~keV! I i
p I f

p Yrel
g

814.2 647.1 9/22 5/22 106~8! a

1566.3 752.1 13/22 9/22 187~14! a

2406.1 839.8 17/22 13/22 110~9! a

3315.5 909.4 ~21/22) 17/22 139~14!
4342.1 1026.6 ~25/22) ~21/22) 119~11!
5503.4 1161.3 ~29/22) ~25/22) 99~10!
6677.6 1174.2 ~33/22) ~29/22) 43~7!

6781.6 1278.2 ~33/22) ~29/22) 29~6!

7922.3 1244.7 ~37/22) ~33/22) 26~6!

8109.6 1328.0 ~37/22) ~33/22) 17~5!

9335.5 1413.2 ~41/22) ~37/22) 22~5!

9641 1531 ~41/22) ~37/22) 5~2!

10930.1 1594.6 ~45/22) ~41/22) 10~4!

11268 1627 ~45/22) ~41/22) –
12729.3 1799.2 ~49/22) ~45/22) 2~1!

14779 2041 ~53/22) ~49/22) 2~1!

aIntensities from Ref.@10#.
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FIG. 2. Partial level scheme of the83Y nucleus based on the present experiment. Not shown is another side band presented in R@10#
and several side transitions.
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quence of the three new transitions extending to 19 475
appears to be regular in character, although the doublet
ture of the 2159 keV line and the weak 1913 keV line do n
permit a reasonable estimate of the asymmetry ratio.
pattern of two high energy (. 2 MeV! g rays depopulating
from two levels feeding into the yrast levels, with a conne
ing transition between them is similar to the pattern obser
recently@2# in 84Zr. A more careful search in the current da
led to the additional transitions to extend this sequence
84Zr. In fact, two new transitions were found in84Zr as a
V
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t
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result of this search and their placement is shown in Fig
together with a partial level scheme of83Y for comparison. It
is interesting that the observed feeding pattern into
ground state band for both nuclei are very similar.

The unfavored~1,2) band is extended by two transition
to ~51/21). The placement of the 1784 keV line feeding in
the 12245 keV state is supported by its intensity. Althou
the tabulated intensities of the 1885 keV and the 1784 k
lines are equal, individual gate combinations show a hig
intensity for the 1885 keV line. Highfold data were e
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1112 55T. D. JOHNSONet al.
tremely useful in the placement ofg rays, many of which
were doublets. The 964 and 966 keV lines were sufficien
resolved for gating purposes, and by double gating us
both the 811 and the 966 keV lines, along with the 964 a

FIG. 3. A partial level scheme comparing the new side-feed
cascade found in84Zr with the cascade found in the83Y isotone.
y
g
d

the 1093 keV coincidence gates, we found the 1022
1025 keV connecting transitions. Normalized intensities
these lines could not be determined. However, branching
tios were established by using the populating transitions
the gating conditions and are shown in Table III, in conne
tion with lifetime measurements.

Recent reports@1,2#, announcing the discovery of supe
deformed bands in84Zr and 83Sr motivated a search for su
perdeformed structures in83Y. A band finding routine@15#
was used to search the entire cube for possible candidate
superdeformed band structures. Several candidates
found. One of the candidate bands begins with a 1526 k
line, already known as the first transition for the superd
formed band in84Zr. The energy level spacings from th
search also matched those from Ref.@2#. Using the 1526 keV
line in various gating combinations confirmed coincidenc
with the main yrast band in84Zr. However, statistics were
too poor to establish further coincidences with any oth
member of the superdeformed band. Another candidate
an initial transition from a superdeformed band was found
1556 keV. Very similar to the situation in84Zr, gates with
this line revealed coincidences with transitions in the yr
band of 83Y. However, due to very low statistics, no coinc
dences could be confirmed using higher-lying members
the band suggested by the band searching routine. A ca
manual search of regions in the neighborhood of the li
found in the band search could confirm no further coin
dences. The current experiment at 110 MeV was 18 M
lower than that in Ref.@2#. It seems that the lower energy o
the present experiment resulted in a much weaker popula
of superdeformed bands.

B. Negative parity bands

Several new transitions have been added to the nega
parity bands. It was not possible to ascertain all the asym

g

TABLE III. Lifetimes, transition strengths, and quadrupole moments in83Y.

Eg Branching ratio t t a B(E2) B(M1) uQtu
~keV! I i

p I f
p (%) ~ps! ~ps! ~W.u.! (mN

2 ) (e b)

595.3 13/21 9/21 100 – 7.80 (14
14) 65 (5

7) 3.23 (26
34)

811.6 17/21 13/21 100 – 1.39 (15
15) 78 (4

4) 2.79 (14
16)

964.4 21/21 17/21 100 – 0.62 (10
10) 74 (5

7) 2.47 (18
23)

1080.3 25/21 21/21 100 – 0.38 (8
8) 68 (6

8) 2.26 (21
28)

1192.8 29/21 25/21 100 0.28 (4
5) 0.29 (7

7) 56 (5
5) 1.99 (16

16)
1340.3 33/21 29/21 100 0.32 (10

13) , 0.39 27 (4
6) 1.35 (20

29)
1486.5 37/21 33/21 100 0.07 (3

4) – 75 (16
25) 2.22 (48

75)
1605.8 41/21 37/21 100 0.02 (1

8) – 182 (105
78 ) 3.43 (198

148)
1753.9 45/21 41/21 100 0.02 (1

8) – 115 (63
48) 2.70 (149

112)
1965.7 (49/21) 45/21 100 0.01 (1

5) – 129 (76
7 ) 2.84 (168

15 )
966.4 23/21 19/21 92~1! 0.62 (13

16) – 59 (6
7) 2.16 (23

27)
1025.2 23/21 21/21 8~1! – – – 0.01 (05

1 )
1092.1 27/21 23/21 75~7! 0.29 (11

9 ) – 57 (7
15) 2.03 (26

55)
1037.0 27/21 25/21 15~7! – – – 0.03 (2

1) –
1259.9 (31/21) 27/21 92~2! 0.29 (10

11) – 40 (6
8) 1.66 (23

33)
1103.1 (31/21) 29/21 8~2! – – – 0.01 (05

1 ) –
1431.2 (35/21) (31/21) 100 , 0.34b – . 18 1.10 (23

16)

aTaken from Ref.@11#.
bNot corrected for feeding.
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FIG. 4. Line shapes from the present experiment. The line shapes generated fromLILIFIT are shown as dashed lines.

FIG. 5. Shifted lines of very high-spin transitions in83Y. Line shapes generated fromLILIFIT are shown as dashed lines.
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1114 55T. D. JOHNSONet al.
try ratios due to the weaker population of these bands an
the very close doublet nature of the 908 and 909 keV line
the unfavored and favored bands, respectively. One new
terband transition, connecting the (27/22) to the 25/21 state
of the yrast band was found. Two new transitions at 16
and 1743 keV were found to populate the highest kno
level of the p52,a521/2 band. Neither transition wa
seen in coincidence with the other, and so it is proposed
they both directly populate the 8708 keV level. Intensit
could not be obtained for this band due to the very we
population and contamination from strong transitions
80Sr also produced in the same reaction. In an earlier st
@10#, it was suggested that the 1416 keV line was, in fac
quadruplet, with one component also being persisting in
~1,1! band up to high excitation, i.e., to th
(33/21→29/21) transition. This is also observed in th
present data, but careful gating procedures were not s
cient for any firm placement for the other components of
1416 keV multiplet.

The (p52,a511/2) band was extended to a tentati
spin and parity of 53/22. Two side-feeding lines at 776 an
1278 keV were reported previously. The level depopula
by the 1278 keV line was found to be populated by a se
of transitions. This appears to be a forking of the (2,1!
band. One new transition from this branch was found to c
nect to the high-K band, similar to a situation observed@17#
in 79Kr. To date, very little is observed with regards to lin

FIG. 6. ~a! Kinematic,J(1), and~b! dynamic,J(2), moments of
inertia for 83Y and neighboring isotones. Lines are drawn to aid
eye.
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of the ‘‘isomeric’’ band in 83Y to other bands. Any new
connecting transition could be significant to the understa
ing of their underlying structures.

IV. LIFETIME MEASUREMENTS

Lifetime measurements for short-lived states were
tained from line shape analysis observed in the forward
backward positioned detectors in Early Implementat
Gammasphere. Details of the geometry have been note
Sec. II. The programLILIFIT @18,19# was used for the line
shape analysis. Electronic and nuclear components of
stopping powers were calculated with the codeTRIM86 @20#,
using the most recent and complete version of stopp
power data. A Monte Carlo simulation traced the detai
history of 104 ions through both the target and the Au bac
ing taking into account both longitudinal and lateral stra
gling. Efficiencies of the detectors, along with the finite so
angles were also taken into account. Direct feeding fr
within the band of interest was used for the fitting along w
side-feeding cascades@21# populating each state.

Lifetimes for levels in 83Y could be measured in the
~1,1! band and in the~1,2) band. The results are summa
rized, along with inferred transition strengths and quadrup
moments, in Table III. Some experimentally observed l
shapes with the simulated line shape fits fromLILIFIT are
illustrated in Fig. 4. They range from very short lifetimes
the ~1,1! band ~below 0.1 ps for the 37/21 state! shifted
nearly completely in flight, to where the major portion of th
decay occurs after the recoil nucleus is stopped~0.60 ps for
the 23/21 state! in the ~1,2) band. Unfortunately, the sta
tistics of transitions in thep52 bands were not sufficient to
permit reliable line shape analysis. The highest levels in
~1,1! band tend to be nearly completely shifted and hen
also do not permit a completely unambiguous DSA analy
Nevertheless, these lines reveal new information in a qu
tative sense, as they indicate whether the states in fact ap
collective. Figure 5 shows the line shapes for the high
energy transitions obtainable from the angle dependent

FIG. 7. Single-particle Routhians for83Y and 84Zr. The Harris
parameters used for the reference rotor wereJ0520\2/MeV and
J150\4/MeV3 from Ref. @10#.
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trices together with shapes generated fromLILIFIT . For the
1966 keV line, there appear to be two components. The m
prominent peak is centered at 1921 keV, precisely
Doppler-shifted energy of the 1966 keV line usin
V/c50.028. The second, ‘‘slower’’ component appears to
contributing to some line shape. It was found that if tw
side-feeding cascades are used for the line shape analy
LILIFIT and fit simultaneously, one side cascade yields a l
time of 0.02 ps and the second yields a slower componen
0.28 ps with a reasonable fit. This coincides with a simu
neously fitted lifetime of 0.01 ps for the (49/21) state. This
suggests that there could be a long-lived state populating
(49/21) level and it is tempting to associate this with th
2159 keV transition depopulating the high spin sequence
tending to (59/21). Qualitatively, the presence of a wel
centered centroid at the maximum Doppler shift in ene
and a shifted component at lower energy could be consis
with a very short-lived state being fed by a transition from
somewhat longer-lived state. However, the poor statistics
not permit a line shape analysis for the 2159 keV line, or a
of the transitions from the cascade it depopulates. A sim
line shape analysis is attempted with the 1754 keV line.
with the 1966 keV line, the centroid of the shifted peak c
responds with the maximum Doppler shift. In the bac
angled spectrum, there again appears to be a ‘‘slow com
nent’’ to the line shape, similar to the case for the 1966 k
line. In this case however, the 1966 keV line is more inte
relative to the ‘‘fast component.’’ In the forward-angle
spectrum, the ‘‘slow component’’ is less clearly define
When the upper limit of 0.04 ps for the 1966 keV dire
feeder was used to fit this peak, the best fit lifetime value
the 1754 keV line was 0.02 ps. Again, an attempt was m
to use two side-feeding cascades for the feeding correct
@taking into account side-feeding into the (49/21) state#.
Similarly, a fast side feeder~0.03 ps! and a slow feeder~0.32
ps! gave the best fit. An attempt was made to fit all fo
feeder cascades at once with the same results. The 1606
line was then fit using 0.02 ps for the direct feeding, and t
procedure was reiterated down the cascade. The result
summarized in Table III, along with all measured lifetim
and deduced quantities. When viewing this table, it must
remembered to view those lifetime values below 0.1 ps w
extreme caution due to the unreliability of attempting li
shape analysis of these fully to nearly fully shifted line
However, using these lifetimes for the feeding of the sta
below seems reasonable. TheLILIFIT results for those transi
tions did show much sensitivity to the variations in feedi
times below 0.2 ps. Also, the lifetimes of the high-lyin
states do seem to fit well within this range. The fact that
highest lines retain a fast component appears to indicate
the states themselves have relatively short lifetimes and h
not lost collectivity.

V. DISCUSSION

A. Cranked shell model analysis

The kinematic and dynamic moments of inertia,J1 and
J2, for the ~1,1! band in 83Y are displayed in Fig. 6, along
with those for neighboring isotones81Rb @22,23#, 85Nb @24#,
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and 84Zr @2#, for comparison. Also, the moments of inert
for the very high spin sequence of the three transitions fo
for both 83Y and 84Zr are represented. The most obvio
feature is the lowJ(1) values at low rotational frequencies fo
84Zr that undergo very rapid alignment, in contrast to t
odd-Z nuclei where the odd proton polarizes the core to
higher moment of inertia. The alignments in84Zr were ex-
plained @25# by the alignment of two-g9/2 quasiprotons at
\v50.50 MeV followed by ag9/2 quasineutron alignment a
\v50.60 MeV. This is seen dramatically in theJ(2) plot in
Fig. 6~b!. After the alignments, the high spin behavior
84Zr has been described@25# in terms of rigid rotation. In
contrast to84Zr, the alignment pattern for all the odd-Z iso-
tones have been interpreted@10,22,24# as initial g9/2
quasineutron alignments followed by a quasiproton alig
ment. This is supported by blocking arguments, comparis
with predicted crossing frequencies@10#, and systematics.

The behavior of the very three highest lying transitions
83Y is quite interesting. The kinematic moments of iner
align themselves nearly perfectly with those for the high
lying states of the yrast band in84Zr and appear to be rota
tional in character. In contrast, the new transitions found
84Zr do not exhibit any regular rotational behavior and a
therefore probably single particle in nature, caused by ali
ments of several nucleons at high spin. The comparison
tween the highest yrast states in84Zr and the new83Y states
is further enhanced by examining the experimental sing
particle Routhians in Fig. 7. Indeed, it appears as though
new 83Y transitions do not at all follow that same structu
as the regular83Y yrast band, instead they seem to be co
ing from an entirely new structure or orbital very close
related to the highest observed spin states in84Zr. The J(1)

values for the yrast bands of84Zr and 83Y do appear to be
converging to the same value of around 25\2MeV21. The
odd-Z isotones of 83Y seem to be converging to a lowe
value, but not enough is known at higher spins to continu
fair comparison. A point worth mentioning is that the fin
observed transition, that appears to be continuing the y
sequence in83Y could be the beginning of a new alignme
@see Fig. 6~b!#, but not enough data are available to make
definite conclusion concerning its nature.

Single-particle alignments and dynamic moments of in
tia for the (2,1! bands of83Y and 81Rb @23# are shown in
Figs. 8~a! and ~b!. The alignments~and therefore alsoJ(1)

andJ(2)) exhibit a trend for steadily decreasing values at
highest spins. Similar behavior has recently@26# been inter-
preted as band termination in113I. It seems very likely that
band termination is observed for the first time in83Y for the
negative parity band due to the nucleons being aligned to
maximum spin possible using theg9/2, f 5/2,p1/2 orbitals. The
lowest 1qp negative parity bands in this region are explai
@10# in terms of f 5/22p3/2 mixing. In this circumstance, nei
ther proton nor neutron crossings are blocked, and since
the mass 80 region they often occupy the same major sh
proton and neutron alignments can occur at similar rotatio
frequencies. Shapes are dependent on the relative positio
suborbitals within theg9/2 shell and so the polarized shap
depends on whether protons or neutrons align. Quasipro
alignments are expected to drive the system towards m
collective prolate shapes and quasineutron alignments
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wards the collective oblate side. This has been discussed@22#
in connection with the (2,1! band forking in81Rb where it
was mentioned that due to the closeness in the crossing
quencies it could not be definitively determined which cro
ing ~proton or neutron! was associated with which 3qp ban
Figure 8 shows that the alignments of the two bands foll
each other very closely. In83Y, a similar forking has been
observed. The single-particle aligned angular momentum
the new band follows very closely both forks of the (2,1!
bands in81Rb, indicating a weaker band interaction than f
the band crossing observed in the yrast band. The alignm
sequence for83Y was suggested to be first a proton alig
ment at\v50.43 MeV, followed by a sharp neutron align
ment at\v50.58 MeV. We suggest, due to a predict
lower crossing frequency for neutrons, that the sharp ali
ment taking place at\v50.58 MeV is due to ag9/2 neutron
crossing and that the alignment at\v50.65 MeV is prob-
ably ag9/2 proton crossing. Measurements ofg factors would
clarify the situation. The earlier interpretation@10# had been
that the high-K band was actually responsible for the for
ing. However, a systematic comparison@4# with other nuclei
in this region, such as77,79,81Br, 79,81,83Rb, and79Kr, some of
which have forkings of the negative parity bandsand the
presence of high-K bands, suggested that this is not the ca

FIG. 8. ~a! Single-particle alignments and~b! dynamic moments
of inertia,J(2) for thep52,a511/2 bands in83Y and 81Rb. The
Harris parameters used for the reference rotor were J0520\2/
MeV and J1 5 0\4/MeV3 from Ref. @10#.
re-
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The presence of the new forking in83Y supports this and
suggests that the high-K band in 83Y has a similar micro-
scopic structure as those in other nuclei. There have b
g-factor measurements@7# indicating a complex bandhea
configuration involving active protons and neutrons. Sin
neither proton nor neutron crossing is blocked, there se
to be no reason to exclude such a configuration.

B. Transition strengths

Transition strengths were calculated from lifetimes a
their inferred quadrupole moments which were extracted
this experiment have been summarized in Table III. Includ
with the new lifetimes are those from previous measu
ments for comparison. An upper limit of 0.10 ps has be
assigned to all such lifetimes since that is the value wh
can be known with some certainty. Taking these values
reasonable estimates, it is evident that a high degree of
lectivity persists to the highest spin states. The quadrup
moments are plotted in Fig. 9, together with those of p
dicted values to be discussed in Sec. VC.

This work presents the first measurement of lifetimes
the~1,2) band. Results are summarized in Table III and t
Qt moments are plotted in Fig. 9. They closely follow tho
of the favored band within the frequency range for whi
they could be measured. ReducedB(M1) strengths for in-
terband links between the unfavored and favored bands w
also calculated assuming a mixing ratio of 0.1, as has b
done in previous work@27#. In the case of transitions wher
intensities could not be measured and reliably normaliz
namely for the 1025 and 1022 keVg-ray lines, branching
ratios were obtained from gate combinations from high

FIG. 9. Transition quadrupole,uQt u, moments for thep51
bands in 83Y. The solid line corresponds to the predicted yra
configuration for thea511/2 signature, starting withb2'0.33
and dropping tob2'0.22 around\v'0.5 MeV. The short-dashed
line shows the similar deformation values after the band cross
for the a521/2 band. The long-short dashed line near the top
the figure shows theQt values corresponding to the configuratio
predicted with a deformation value ofb2'0.4520.50.
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levels. It is found that the branching ratios for the ne
DI51 transitions are lower than those of that for the pre
ously known 1037 keV line, although the intensity is rough
half of its previous value. TheB(M1) strengths for the
DI51 transitions, which could be determined@10# from the
new lifetime measurements are found to be quite weak.

C. Woods-Saxon calculations and lifetime comparisons

Woods-Saxon-Bogolyubov calculations@29,30# were car-
ried out to investigate the high-spin structure of83Y using
the Woods-Saxon model discussed in Ref.@28#. The mono-
pole pairing force was assumed and the cranking approxi
tion was used to describe the rotation. The total Routhi
were calculated at eachb2 andg in the mesh and minimized
with respect to the hexadecapole deformationb4.

Examples of calculated total Routhian surfaces~TRS’s! in
the (b2 ,g) contour plots for83Y have been presented@10#
previously. The results can be briefly summarized as follo
For the 1qp bands, the~1,1! configuration hadb250.33
andg527°, and are quiteg soft. The unfavored configu
ration was very similar but with a more triaxial shape w
g5224°. More recent calculations using a newer version
the TRS codes installed at Notre Dame suggest that the
vored configuration is actually more triaxial than for the u
favored, but in this frequency domain, the large gamma s
ness allows for considerable flexibility in definit
deformation parameters. After a neutron alignment, b
configurations were predicted to have smaller deformati
(b250.22) and highly oblate shapes withg5257°. At
higher rotational frequencies, above\v50.680 MeV, a sec-
ondary minimum is found at nearly prolat
b2'0.4520.50, and becomes yrast at\v51.165.

With the present lifetime measurements, it is possible
compare experimental results for the positive parity ba
with predictions from the cranked Woods-Saxo
Bogolyubov calculations. A comparison of the quadrup
moments inferred from the lifetime measurements with th
predicted from the TRS calculations is presented in Fig
The equations necessary to calculate quadrupole mom
from the deformation parameters are presented in R
@31,32#. The expression for Qt in terms ofg is valid for high
spins and also reflects pure geometrical shapes; there
structure and band mixing effects are ignored. The defor
tion parameters used for the calculations are those calcu
from the newer versions of the TRS codes, and do not di
significantly from the previous results. Lifetimes in the~1,
2) band are known only for the alignment region a
higher, therefore only predicted values for the relevant f
quency range are shown. Although the experimental va
are somewhat less than those predicted, the trend tow
decreasing moments is reproduced experimentally. In a
tion, the predicted agreement inQt between favored and un
favored bands is reproduced very well and is consistent w
moderately deformed oblate shapes.

The quadrupole moments for the highest rotational f
quencies from the~1,1! band have quite large uncertaintie
resulting from the uncertainties in fitting line shapes for t
highly shifted peaks. Predicted quadrupole moments for
highly deformed shape withb2;0.45 shown at the top with
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the short-long–dashed line lie higher than the probable
perimental lifetimes. Values corresponding to shorter li
times are subject to much more uncertainty at this level. T
upper limits on the lifetimes yield quadrupole moment v
ues that are consistent with the collective oblate shapes
dicted by the Hartree-Fock-Bogolyubov calculations.

VI. SUMMARY

The observation of extremely high spin states up
I5(59/21) andEx 5 19.475 MeV in83Y and the resolution
of very close doublets was made possible with the excel
statistics in triples data provided by the Early Implemen
tion Gammasphere spectrometer. The previously publis
level scheme of83Y was extended to a probable spin state
59/21. A new sequence of three transitions was placed
found to exhibit a very similar behavior to the highest o
served levels in the yrast ground state band in theN544
isotone84Zr. This similarity is observed in a comparison o
moments of inertia and single-particle Routhians. There
some evidence for the observation of the first transition o
superdeformed band in83Y based on a comparison with th
superdeformed band in84Zr. A side-feeding transition previ-
ously reported in the negative parity favored band was fou
to be the first transition of a fork, due probably to an alig
ment of different quasiparticles than the ones responsible
the alignment in the more strongly populated cascade.
new band exhibits an alignment at a somewhat higher r
tional energy. It is not clear which of the quasiparticles a
involved in the alignments. Futureg-factor measurement
would clarify the situation. The presence of this forking a
of the first transition found to feed into the high-K band,
underlines the similarity of the structures of high-K bands
found in many isotopes in the A'80 region.

New lifetime measurements in the unfavored positive p
ity band show the data to be consistent with Hartree-Fo
Bogolyubov calculations showing moderate oblate deform
tion with b250.22 andg'250°. Several new transition
connecting the unfavored to the favored band were fou
due to the excellent resolving power of Gammasphere. L
time measurements show theirB(M1) strengths to be very
weak. The theoretical calculations reveal that the transit
quadrupole moments for both positive parity signature p
ners should be quite similar and gradually decreasing w
increasing spin. Within uncertainties, this appears to be c
sistent with our observations. What is qualitatively clear
that the yrast sequence does not seem to be losing colle
ity into a single-particle band termination as the maximu
spin in the f p-g shell is reached. Near fully shifted lin
shapes were compared with simulations and shown to
consistent with collectivity persisting up to (49/21).
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