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Collective structures and band termination in 107Sb
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High-spin states in the near proton-dripline nucleus107Sb have been identified, and collectivity in this
nucleus has been observed for the first time in the form of two rotational bands. One of the observed rotational
structures is aDI 51 band, and is interpreted as based on ap(g9/2)

21
^ p(g7/2d5/2)

2 proton configuration. A
second structure hasDI 52 character, and is explained as being based on aph11/2^ @p(g9/2)

22

^ p(g7/2d5/2)
2# proton configuration through comparison with cranked Nilsson-Strutinsky model calculations.

The calculations predict that this band terminates at a spin of 79/2\.

PACS number~s!: 21.10.Re, 21.60.Cs, 23.20.Lv, 27.60.1j
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I. INTRODUCTION

Nuclei near closed shells have long been an interes
subject of study due to the coexistence of both spherical
deformed nuclear shapes in the same nucleus. In nuclei
as the50Sn, 51Sb, and52Te isotopes, near-spherical singl
particle and vibrational states predominate at low spins
to the small deformation of the underlying core. However
higher spins and excitation energies, multiparticle excitati
across theZ550 shell gap begin to exert a significant infl
ence. Since the energy of thepg9/2 orbitals just below this
shell gap increases strongly with increasing quadrupole
formation, promoting protons from these orbitals into high
lying down-sloping orbitals has a deformation-driving effe
Configurations resulting from such excitations of one
more protons can be sufficiently deformation driving to ov
come the spherical tendency of theZ550 core. As a result
structures having deformation as high as«250.3 in the case
of 113Sb @1# are known in these nuclei.
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The first structures of this type to be identified we
p(g9/2)

22
^ p(g7/2d5/2)

2 two-particle two-hole (2p2h) de-
coupled rotational bands found in even-mass1122118Sn nu-
clei @2#, and strongly coupled structures based
p(g9/2)

21
^ p(g7/2d5/2)

2 two-particle one-hole (2p1h) high-
K configurations in odd-mass1132119Sb nuclei@3,4#. More
recently, decoupled structures were found in odd-m
1132119Sb nuclei@1,5–7#. These were interpreted as resultin
from coupling of the 2p-2h excitation of the underlying
50Sn core to the valence proton occupying either aph11/2 or
mixed p(g7/2d5/2) orbital. Interest in such structures in
creased dramatically with the advent of the third-generat
detector arrays Gammasphere@8# and Eurogam@9#. With
these devices it became possible to study more neut
deficient Sn, Sb, and Te isotopes to very high spin; it w
learned that these rotational structures gradually lose t
collectivity and the nuclear shape transforms from collect
near-prolate to noncollective oblate as the valence nucle
outside the100Sn core align their angular momenta with th
rotation axis. Eventually all of the valence nucleons beco
aligned, and at this point the rotational band must termin
having exhausted all of the angular momentum available
the configuration. This phenomenon is known as smo
band termination@10,11#.

Following these structures to very neutron-deficient nuc
close to the100Sn doubly magic nucleus can further increa
our understanding of these features. In particular, study
these nuclei will improve our knowledge of how deformatio
is generated in what are predominantly spherical nuc
Thus, the present paper details the results of a study of
neutron-deficient nucleus107Sb, arguably the lightest51Sb
isotope that can be studied to high spin using presently av
able experimental techniques. High-spin states and collec

ey

er,

-

,

of
©2000 The American Physical Society05-1



th

ed
a
w
o

is
rit
to
on
ai
e

Ge
e
e

on

m

n

th
xi

e

io
d
of
d

e
t

er

tio
ng
ge

th

ifi
ni
a
e
t

n
d in
eV

7-
el of

1
l be
se-

-

ral

nt.
of

d

s/
s is
gn-
into
red

d
ch

or-

ratio
d
v-

peri-
own
vel
r
ity,
nd
are
O

hese
ls
o

-
and
n-
ities
t
ctra
. 2.
ns

D. R. LaFOSSEet al. PHYSICAL REVIEW C 62 014305
structures have been observed for the first time in
nucleus.

II. EXPERIMENTAL DETAILS

High-spin states in107Sb were populated following the
58Ni( 58Ni,2ap) reaction, using a 250-MeV beam produc
by the 88-Inch Cyclotron at Lawrence Berkeley Nation
Laboratory. The isotopically enriched target consisted of t
stacked self-supporting foils, each having a thickness
'500 mg/cm2. The Gammasphere array@8# was employed
to detectg rays emitted from the residual nuclei. For th
experiment Gammasphere consisted of 83 high-pu
Compton-suppressed Ge detectors. The hevimet collima
ordinarily placed in front of the BGO Compton-suppressi
shields were removed for this experiment in order to obt
g-ray sum-energy and multiplicity information as discuss
in Ref. @12#. The Microball @13#, a 4p array of 95 CsI~Tl!
scintillators, was used to detect protons anda particles emit-
ted by the compound nuclei. Finally, the front-most 15
detectors were removed from Gammasphere for this exp
ment and replaced with NE213 liquid-scintillator neutron d
tectors. These play no role in the study of107Sb, however;
Ref. @14# contains more information concerning the neutr
detectors as employed in this experiment.

In the offline analysis, the Microball pulse-shape and ti
ing information was used to identify protons anda particles,
achieving detection efficiencies of approximately 80 a
65 %, respectively. Only those events in which twoa par-
ticles and one proton were detected were chosen for
study of 107Sb. The resulting data set contained appro
mately 6.53106 events havingg-ray fold 3 or higher. Al-
though this is a rather small number of events, the data w
exceptionally clean, containing only small amounts of106Sn
~from the 2a2p reaction channel! and 110Te (a2p) due to
the occasional nondetection of a proton or misidentificat
of an a particle. Finally, the 2ap-gated events were sorte
into an Eg-Eg-Eg coincidence cube for the construction
the level scheme.g-ray multipolarities were assigne
through directional-correlation~DCO! ratio analysis@15#.
For this analysis anEg-Eg matrix was created in which thos
detectors at back angles (u>142.6°) were sorted agains
those at angles near 90° (79.2°<u<100.8°). For all cubes
and matrices, theg-ray energies were corrected for Doppl
shifts on an event-by-event basis@13#. In this approach the
measured charged-particle energies and emission direc
are used to obtain the velocity vector of the recoili
nucleus. TheRADWARE g-ray spectroscopy software packa
@16# was used extensively for all data analysis.

III. EXPERIMENTAL RESULTS

The level scheme extracted in this study is shown in
top half of Fig. 1. Pertinent information about eachg-ray
transition can be found in Table I. The present study sign
cantly extends the level scheme presented by Sewery
et al. @17#. A large number of presumably near-spheric
states have been added at low spins, and the level schem
been extended to higher spins. Several modifications to
01430
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level scheme presented in Ref.@17# have also been made. I
particular, only one 321-keV transition has been observe
the present study; no evidence was found for the 321-k
transition depopulating the 2856-keV level of Ref.@17#. Fi-
nally, the 1108-keV transition and the 508-1067-705-86
keV sequence have been placed above the 4100-keV lev
Ref. @17#.

The spin and parity (I p) assignments shown in Fig.
should be considered tentative. These assignments wil
discussed in the following paragraphs. Several level
quences have been labeled~a, b, c, etc.! in the top half of Fig.
1 to facilitate the discussion. A partial level scheme of109Sb
taken from Refs.@18,19# is shown in the bottom of the fig
ure; only those levels in109Sb for which theI p assignments
are firm are shown in the figure.

The DCO ratios were calibrated by measuring seve
known E2 and E1 transitions in 110Te @20,21# and 112Te
@22#, which were also populated in the present experime
StretchedE2 transitions were found to have DCO ratios
'1.0 ~as required!, and stretched pure dipole (E1) transi-
tions were found to have DCO ratios of'0.6, when the
gating transition was ofE2 character. However, it was foun
that the measured DCO ratios~including those of known
pure dipole transitions! tended towards 1.0 as the spin
excitation energies of the levels involved decreased. Thi
consistent with an accumulated loss of nuclear spin ali
ment caused by hyperfine fields as the nucleus recoils
the vacuum beyond the target. As a result, the measu
DCO ratios for transitions in107Sb could not be considere
reliable at low spins. Table I lists those transitions for whi
reliable DCO ratios were extracted.

Since low-spin DCO ratios were not available, the maj
ity of the I p assignments given in Ref.@17# have been
adopted. These assignments were made based on DCO
analysis and systematics. TheI p which have been adopte
from Ref. @17# are the following: in sequence c, levels ha
ing I p<17/21; sequence d,I p<19/21; and sequence e,I p

517/21 andI p521/21. The remainingI p assignments were
based on the measured DCO ratios from the present ex
ment, and/or a comparison to the partial level scheme sh
for 109Sb in Fig. 1; as can be seen in this figure, the le
schemes of107Sb and 109Sb are very similar, due to thei
underlying single-particle structure. Based on this similar
Sequences a and b of107Sb are assigned negative parity, a
spins as shown. The bottom two levels of sequence e
assigned positive parity and spins as shown. All of the DC
ratios measured in the present study are consistent with t
I p assignments. SinceI p assignments to the remaining leve
cannot be made based on systematics or DCO ratios, nI p

values are shown for these levels in Fig. 1.
In addition, two mutually coincidentg-ray sequences la

beled band 1 and band 2 in Fig. 1 have been identified,
assigned to107Sb based on coincidences with low-spin tra
sitions. The energy patterns of the sequences and similar
to rotational bands known in heavier51Sb isotopes sugges
the bands have a rotational collective structure. Spe
showing these two rotational bands can be seen in Fig
DCO ratios could not be measured for any of the transitio
in either band. The transitions of band 1 are likelyE2 tran-
5-2
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COLLECTIVE STRUCTURES AND BAND TERMINATION . . . PHYSICAL REVIEW C 62 014305
FIG. 1. Top: The level scheme of107Sb constructed in this work. Several of the low-spin level sequences have been assigned th
a, b, c, d, or e; these are intended only to facilitate the discussion of spin assignments given in the text of the paper. Note that ba
2 are shown to the side of the main part of the level scheme since their excitation energies are unknown. Bottom: A partial level s
109Sb shown for comparison, taken from Refs.@18,19#. g-ray energies are given in keV, and the widths of the arrows indicate the rel
intensities of the transitions within each nucleus.
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sitions, judging by their energy pattern which is characte
tic of a decoupled rotational band. The ordering of the tr
sitions has been assigned based on their relative intens
Similarly, the more intense transitions of band 2 are assig
mixed DI 51 character due to their energy pattern, and
presence of weak~presumablyE2) crossover transitions a
the top of the band. Also note that the ordering of some
the dipole transitions in band 2 cannot be fixed due to a l
of E2 crossover transitions. The fact that there are two p
of transitions having nearly identical energies thwarts
tempts to order the transitions based on intensity relat
ships. The population of these bands relative to the pop
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tion of the ground state was found to be'2.8% ~band 1! and
'3.6% ~band 2!. Information about each of the transitions
bands 1 and 2 can be found in Table II.

The two collective bands observed in this experiment c
not be assigned spins or parities since their decay path
states of knownI p could not be established.~However, sev-
eral transitions responsible for removing part of the in-ba
intensity of bands 1 and 2 were identified, as shown in F
1.! Therefore, lower limits for the spins of levels comprisin
these structures were established by determining the co
dence relationships between the bands and the main pa
the level scheme. For example, the members of band 1 w
5-3
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TABLE I. Properties ofg transitions in107Sb. The column reporting the spins of the initial and final sta
also shows the sequence to which the states belong, if applicable.

Eg ~keV! I g ~%! DCO ratio I i
p → I f

p Multipolarity

47~1! a 21/22~b! → ~a!

76.6~8! a 15/21~d! → 13/21~e! M1/E2
109.9~2! ,2.0 13/21~c! → 11/21~d! M1/E2
227.1~2! 3.0~6!

228.2~3! ,2.0 21/22~b! →
257.4~2! 1.1~1! ~a! → 15/22~b!

289.8~2! 5.0~3! 9/21~c! → 7/21~d! M1/E2
291.4~2! 7.5~5! 13/21~e! →
292.1~2! 4.9~4! 21/22~b! → 19/22~b! M1/E2
293.3~2! 2.6~2! 31/22~b! → 29/22~a! M1/E2
294.6~2! ,2.0 13/21~c! → 11/22~b! E1
295.9~2! 34~2! 17/21~e! → 15/21~d! M1/E2
297.1~2! ,2.0 21/22~b! →
320.9~2! 30~2! 0.64~3! 23/22~b! → 21/22~b! M1/E2
330.9~2! 5.8~5! 9/21~e! → 9/21~c! M1/E2
339.6~2! 54~3! 15/21~d! → 13/21~c! M1/E2
373.2~2! ,2.0 13/21~e! → 11/21~d! M1/E2
401.4~2! ,2.0 11/21~d! → 9/21~e! M1/E2
401.9~2! 15~1! 0.60~4! 21/22~b! → 19/21~d! E1
438.8~2! 10.1~6! 0.66~5! 23/22~b! → 21/21~e! E1
448.9~2! 2.6~2! 15/21~d! → 11/21~d! E2
472.8~2! 13~2! 21/22~b! →
483.4~2! 10~1! → 9/21~e!

506.0~2! 18~1! 17/21~c! → 15/21~d! M1/E2
506.0~2! 2.7~3!

507.5~2! 27~2! 0.59~3! 25/22~a! → 23/22~b! M1/E2
523.3~2! 5.0~5! → 25/22~a!

547.0~2! 11~1! 11/22~b! → 9/21~c! E1
560.9~2! 5.3~4! → 17/21~c!

573.2~2! 3.0~3! ~e! → 21/21~e!

620.2~2! ,2.0 9/21~e! → 7/21~d! M1/E2
629.8~3! 2.9~2!

631.5~2! 2.8~2! ~b! → 35/22~b!

637.8~2! 8.2~6!

646.9~2! 9.6~9!

654.7~2! 3.0~3! ~e! ~e!

664.5~4! ,2.0
669.0~2! 2.4~2!

688.4~2! 5.4~4!

705.2~2! 11.3~8! 1.09~12! 33/22~a! → 29/22~a! E2
721.1~2! 6.5~5! 15/22~b! → 13/21~c! E1
741.4~2! 6.5~5! 19/22~b! → 17/21~c! E1
755.6~2! 3.9~4!

759.4~2! 7.8~6! 31/22~b! → 27/22~b! E2
768.5~3! 11.3~5! 7/21~d! → 5/21~c! M1/E2
771.5~2! 7.0~5! → 17/21~e!

775.2~2! 5.5~5! 13/21~e! → 9/21~e! E2
781.1~3! 3.6~8! → 21/21~e!

783.8~3! ,2.0
805.8~2! 15~1! → 17/21~c!

837.7~2! 4.3~5! → 19/21~d!
014305-4
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TABLE I. ~Continued!.

Eg ~keV! I g ~%! DCO ratio I i
p → I f

p Multipolarity

841.7~2! 82~5! 13/21~c! → 9/21~c! E2
842.4~2! 4.2~6! 19/21~d! → 17/21~e! M1/E2
845.7~2! 16~1! 17/21~c! → 13/21~c! E2
854.2~3! 0.9~1! ~a! ~a!

865.7~2! 4.2~4! 1.06~14! b 19/22~b! → 15/22~b! E2
866.6~2! 4.4~5! 1.06~14! b 41/22~a! → 37/22~a! E2
891.4~2! 6.3~6!

947.4~5! ,2.0 → 17/21~e!

1007.9~2! 4.1~4!

1016.0~4! 4.3~4! 15/22~b! → 11/22~b! E2
1021.8~2! 4.7~5! 11/21~d! → 7/21~d! E2
1058.2~2! [100 9/21~c! → 5/21~c! E2
1066.7~2! 16~1! 29/22~a! → 25/22~a! E2
1067.4~3! 4.8~5! 1.04~11! → 15/21~d!

1107.7~2! 12.4~8! 27/22~b! → 23/22~b! E2
1111.0~4! 3.4~3! ~a! → 15/22~b!

1126.0~2! 18~1! 0.97~12! 21/21~e! → 17/21~e! E2
1138.1~2! 15~1! 1.08~10! 19/21~d! → 15/21~d! E2
1161.2~2! 7.3~5! 0.99~9! 37/22~a! → 33/22~a! E2
1243.7~2! 3.4~3! 21/22~b! → 17/21~e! M2
1301.5~4! 4.3~3! 35/22~b! → 31/22~b! E2
1389.1~2! 12.6~9! 9/21~e! → 5/21~c! E2
1456.1~4! ,2.0 ~a! → 41/22~a!

aTransition not observed directly in this experiment, but rather inferred from coincidence relationship
text for details.
bDCO ratio includes unresolved contributions from both the 865.7- and 866.6-keV transitions.
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determined to be in coincidence with the 705-keV 33/2

→29/22 transition. This implies that the level fed by th
1126-keV transition of band 1 hasI>37/2 \, if at least two
units of spin are removed by the unobserved linking tran
tions. Similarly, a lower limit for the spins of band 2 wa
established by observing that transitions above and includ
the 371-keV transition are in coincidence with the 506- a
296-keV 17/21→15/21 transitions. The available exper
mental evidence does not allow firm parities to be assig
to these two bands. However, it was observed that ban
predominantly feeds into sequences a and b~i.e., negative-
parity levels!, and the majority of the intensity of band
feeds into levels which have been assigned positive pa
Thus bands 1 and 2 are tentatively assigned negative
positive parity, respectively. The lower limits for the spins
the bands as estimated above are shown in Fig. 1. Note
since these spin assignments are lower limits the spin
quences shown in Fig. 1 cannot be used to assign a partic
signature quantum number to the bands.

It should be noted that the spins of both bands may
considerably higher than the lower limits given above.
109,111Sb, the decay of the collective structures to the low
spin states has been found to be considerably fragme
@18,19,23#. It is therefore possible that there are much mo
than two units of spin between the band and the low-s
states as mentioned above. Also, given the low statistic
the present experiment, weak branches to states of very
01430
i-

g
d

d
1

y.
nd

at
e-
lar

e

r
ed
e
n
in
gh

spin have likely gone unobserved. This would tend to p
duce an unrealistically low spin estimate. Note also that
relatively uncomplicated linking of the positive-parit
strongly coupled band in109Sb presented in both Refs
@18,19# is known to be incorrect; that band has significan
higher spins, is 2 MeV higher in excitation energy, and ha
more fragmented decay than was previously published@24#.

Two transitions which are shown in Fig. 1 were not d
rectly observed in this experiment. These are the 47-k
transition which links the 21/22 state in sequence b to a lev
with unassigned spin in sequence a, and the 77-keV tra
tion linking the 15/21 level of sequence d and the 13/21

level of sequence e. The transitions were not observed s
they have rather low intensity. These transitions are a
somewhat absorbed by the Microball and highly conver
due to their low energies. Their presence and position in
level scheme has been established through coincide
relationships.

IV. DISCUSSION

A. Low-spin shell-model states in107Sb

At low spins the level scheme of107Sb reveals no rota-
tional structure; instead a collection of levels arising fro
single- and multiple-particle excitations is observed. Some
these levels result from the occupation of shell-model sta
5-5
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D. R. LaFOSSEet al. PHYSICAL REVIEW C 62 014305
by the valence proton. TheI p55/21 ground state, the 7/21

excited state at 769 keV, and the 11/22 state at 1605 keV
result from the occupation of thepd5/2, pg7/2, andph11/2
orbitals, respectively. Each of these levels has a sequenc
one or moreE2 transitions feeding into it; these sequenc
can be naively interpreted as the coupling of the vale
proton to the 01221241 states of the underlying106Sn
core. More than likely the states comprising the positiv
parity sequences c, d, and e represent members of the
tiplets which result from this coupling. Also, the positiv
parity states probably have very mixed wavefunctions du
the near degeneracy of thepd5/2 andpg7/2 orbitals.

At higher excitation energies, spherical states can be g
erated by coupling the valence proton occupying a posit
parity orbital to a negative-parity excitation of the106Sn
core. These core states are typically composed of a bro
pair of neutrons, where one neutron occupies anh11/2 orbital,
and the other occupies and5/2 or ng7/2 orbital. Such states
having I p519/22 have been observed in several of t

FIG. 2. Top: A spectrum showing the coupled band~band 2!
identified in 107Sb. The spectrum was generated by summing
combinations of doubleg-ray energy gates on those transitio
marked with an asterisk. Bottom: A spectrum showing the dec
pled band~band 1! identified in 107Sb. The spectrum was generate
by summing singleg-ray energy gates on those transitions mark
with an asterisk. The inset shows the high-energy portion of
same spectrum. In the top and bottom spectra, peaks marked
an X are known low-spin transitions in107Sb; those marked with a
D are transitions involved in the partial decay-out of the band
shown in Fig. 1.
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heavier odd-mass Sb isotopes, and found to be isom
@23,25–27#. In the case of107Sb similar states are observe
for example theI p519/22 to 23/22 states of sequence b
The state havingI p521/22 may be isomeric; however, sinc
the intensities which feed and depopulate this level are
anced, the half-life of this state must be short compared
the time of flight of the recoiling residual nucleus out of th
target chamber. Thus the half-life of this state must be l
than'10 ns.

B. The DIÄ2 band 1

Even though the exact spins and parities of band 1
unknown, it is still possible to understand its structu
through comparison to both calculations and systemat
Decoupled rotational bands are now a well-established
ture of nuclei near theZ550 spherical shell gap~see Ref.
@28#, and references therein!, having been observed in iso
topes of 50Sn @2,29–32#, 51Sb @1,5–7,18,23,33–35#, and
52Te @20–22,36#. In the case of the heavier odd-ma
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TABLE II. Properties ofg transitions in 107Sb belonging to
collective bands 1 and 2. Tentative transitions have their ener
reported in parentheses. Intensities have been normalized to
1058.2-keV low-spin transition, as in Table I. The reported sp
are lower limits, and along with the assigned multipolarities, sho
be considered tentative. See the text for details.

Eg ~keV! I g ~%! I i
p → I f

p Multipolarity Band

368.5~4! 6.0~5! a 21/2 → 19/2 M1/E2 2
370.5~3! 6.0~5! a 23/2 → 21/2 M1/E2 2
384.4~5! 1.8~4! 33/2 → 31/2 M1/E2 2
391.2~2! 8.0~7! b 25/2 → 23/2 M1/E2 2
392.3~3! 8.0~7! b 19/2 → 17/2 M1/E2 2
430.8~3! 4.5~3! 27/2 → 25/2 M1/E2 2
446.0~4! 2.2~4! 31/2 → 29/2 M1/E2 2
466.4~5! 3.3~4! 29/2 → 27/2 M1/E2 2
474.7~4! 2.0~5! 33/2 → 31/2 M1/E2 2
516.2~4! ,1.0 21/2 → 2
537.1~5! 1.8~5! 31/2 → 29/2 M1/E2 2
572.0~5! ,1.0 → 1
573.1~3! ,1.0 → 2
~822! ,1.0 27/2 → 23/2 E2 2
~912! ,1.0 31/2 → 27/2 E2 2
920.5~6! 2.3~5! 33/2 → 29/2 E2 2
1126.3~3! 2.3~5! 41/2 → 37/2 E2 1
1225.8~4! 1.9~2! 37/2 → 1
1278.4~3! 3.0~4! 45/2 → 41/2 E2 1
1436.5~4! 3.5~4! 49/2 → 45/2 E2 1
1469.4~4! ,1.0 37/2 → 1
1552.1~4! 2.9~4! 53/2 → 49/2 E2 1
1793.4~8! 1.0~3! 57/2 → 53/2 E2 1
2263~1! ,1.0 61/2 → 57/2 E2 1
~2726! ,1.0 65/2 → 61/2 E2 1

aReported intensity is the sum of the self-coincident 369- and 3
keV transitions.
bReported intensity is the sum of the self-coincident 391- and 3
keV transitions.
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1152119Sb isotopes, the valence proton occupying a lowK
orbital couples to the 2p-2h core excitation, resulting in a
many as three rotational bands. The three bands result
the occupation of theph11/2 and mixedp(d5/2g7/2) orbitals
by the valence proton. An illustrative example of this can
found in 117Sb @6#. In the lighter isotopes, these three co
figurations and other proton excitations are frequently fou
coupled to neutron excitations as well. However, invaria
the most intensely populated decoupled rotational band
the odd-mass1092119Sb isotopes is based on theph11/2 va-
lence proton coupled to the proton 2p-2h core excitation.
Since the decoupled structure~band 1! observed in107Sb is
tentatively assigned negative parity, the above argument
low a tentative proton configuration assignment ofph11/2
^ p(2p2h) to this structure.

As mentioned in the Introduction, a common feature
decoupled rotational bands in this mass region is band te
nation. Experimentally the gradual loss of collectivity sy
onymous with band termination in this mass region is ma
fest by an increase in the spacing of successive in-b
transition energies, and hence a decrease in the dynamic
ment of inertia (J (2)). Typically theJ (2) decreases to value
well below that calculated for a rigid rotor having only mo
est deformation. In Fig. 3 theJ (2) of band 1 in 107Sb is
shown, along with the expected value of the moment of
ertia for a rigid rotating body having a deformation of«2
50.20. TheJ (2) of the band is seen to drop rather sharply
the rotational frequency increases; at the top of the band
J (2) is roughly one-fourth the rigid-body value. Both o
these observations are consistent with smooth band term
tion taking place in this structure.

A more quantitative understanding of band 1 in107Sb is
provided by calculations based on the configuratio
dependent cranked Nilsson-Strutinsky~CNS! approach with
the Nilsson potential. In this approach the nuclear energ
modeled as a rotating liquid drop with shell correctio
based on level densities, and calculated for specific confi
rations of valence nucleons outside the100Sn core~including

FIG. 3. The dynamic moment of inertia for band 1 in107Sb. The
dashed line shows the moment of inertia for a rigid body hav
massA5107 and deformation«250.20.
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possible excitations from thepg9/2 orbitals!. The energy of
each configuration at each spin is minimized in deformat
space («2 , «4 , g) which allows the development of collec
tivity to be traced within specific configurations as a functi
of spin. Pairing is not included in this model, and thus t
results can be considered reliable only at spins where pai
has become unimportant, roughlyI>25\. A more detailed
description of the CNS approach as it applies to nuclei n
Z550 can be found in Ref.@28#, and references therein.

The results of the CNS calculations are shown in Figs
and 5. They are displayed as energy minus a rigid-rotor

g FIG. 4. Four plots showing the energies~minus a rigid-rotor
reference! vs spin for the configurations calculated using the CN
approach. Each panel shows one of the four possible pa
signature combinations, as indicated. The configurations are lab
according to the convention described in the text. The shaded a
of the plots indicate the low-spin region where pairing may
significant, and therefore the calculations less reliable. The circ
data points indicate the terminating states of the configurations
the upper right-hand panel, the suggested experimental value
the decoupled band 1 are shown as filled squares. A set of ex
mental values based on an alternative spin assignment is show
open squares.

FIG. 5. Similar to Fig. 4, except that only the yrast states of e
parity-signature combination are shown, regardless of config
tion.
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erence (E2ERLD) versus spin. Figure 4 shows the config
rations forming the yrast line, separated according to the f
combinations of parity and signature. Figure 5 shows o
the yrast lines for each signature and parity combination
both figures, the configurations are labeled according to
number of high-j orbitals involved in the configuration. Th
notation@p1p2 ,n# denotes a configuration in which there a
p1 holes in thepg9/2 orbitals, andp2 ~n! protons~neutrons!
occupying theh11/2 orbitals. Any remaining valence particle
occupy theg7/2d5/2 orbitals.

Figure 4 reveals a large number of high-spin collect
structures in107Sb. Many of these can be eliminated as ca
didate interpretations of band 1 based on simple argume
The configurations with one hole in thepg9/2 orbital
(@1n,m# in the shorthand notation! can be excluded sinc
these configurations give rise to two signature partner ba
having small signature splitting. In addition, these config
rations terminate at spins below the maximum spin of ba
1. The @0n,m# configurations can also be eliminated sin
they possess small collectivity, and also terminate at sp
lower than the highest observed spins of band 1. Thus
@2n,m# configurations are the only reasonable interpre
tions for band 1.

Figure 5 shows that one@2n,m# configuration in particu-
lar, the@21,2#, is considerably more yrast than the others
the spin range of interest. This configuration has an
panded proton configuration of ph11/2^ @p(g9/2)

22

^ p(g7/2d5/2)
2#, and an(g7/2d5/2)

4
^ n(h11/2)

2 configuration
for the six valence neutrons. This matches the configura
tentatively assigned to this band in previous paragra
based on the systematics of odd-mass51Sb nuclei. It is also
worth noting that there is an irregularity present in theE
2ERLD curve for this band~best seen in the upper right-han
panel of Fig. 4!, which matches an irregularity observed
theJ (2) of band 1~see Fig. 3!. This irregularity is attributed
to the crossing ofp(g7/2d5/2) orbitals @28#.

Comparing the shapes of the theoretical and experime
E2ERLD curves, and in particular the minima of the curve
the best agreement is found with a spin assignment ofI min
551/2 for the bottom state of the band~i.e., the level fed by
the 1126-keV transition!. The agreement can be seen in t
upper-right panel of Fig. 4, where the experimental data h
been overlaid as filled squares onto the calculations. An
ternative spin assignment withI min543/2 is shown for com-
parison in the figure using open square symbols. The a
native assignment does not match any of the theore
curves. In addition, the uppermost states of the band bec
high in energy very quickly. If this alternative spin assig
ment is correct, these states would be far from yrast
should not be observed in the experiment. Thus the comp
son between theory and experiment suggests that the sp
the bottom state of the band isI min551/2. This assignment is
consistent with the experimentally determined lower lim
Given this assignment, the calculations suggest that the
permost~tentative! state of band 1 is in fact the terminatin
state of the band.

C. The DIÄ1 band 2

In order to understand the structure of the sequence
M1 transitions labeled band 2 in Fig. 1 we first turn to sy
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tematics. Band 2 is reminiscent of a pair of strongly coup
bands, similar to those known in all the heavier odd-m
1092123Sb nuclei@5–7,18,19,23,37,38#. Two such structures
having opposite parities are known in those isotopes fr
massA5109 to 119, with the exception of113Sb @37#. All of
these structures have an underlying proton two-particle o
hole p(g9/2)

21
^ p(g7/2d5/2)

2 configuration which is respon
sible for the deformation. The negative-parity bands cou
this proton configuration to either theI p552 or 72 two-
neutron state of the underlying50Sn core. These configura
tions have a highK value of 4.5\, which explains the lack of
signature splitting in the bands and the largeB(M1)/B(E2)
ratios.

The above described systematics allow some statem
concerning the structure of band 2 to be made. This struc
is apparently composed of two strongly coupled signat
partners. Even though the transition energies are somew
erratic, the splitting between the two signatures is very sm
over the length of the band. Since crossoverE2 transitions
were either not observed or have low intensity, t
B(M1)/B(E2) ratios of reduced transition probabilities fo
the levels of the band are rather large. These are indicat
that a high-K orbital is involved in the structure of this band
Thus we conclude that band 2 in107Sb involves the same
2p1h proton configuration as similar bands in the heav
odd-mass Sb isotopes.

From the experimental data it is not possible to determ
whether the band is based on a positive- or negative-pa
configuration. The CNS calculations indicate two strong
coupled structures,@10,1# ~negative parity! and @10,2# ~posi-
tive parity!, based on one proton hole in thepg9/2 orbital,
which are reasonably low in energy at spinI 510– 25\ ~see
Fig. 4!. It should be pointed out that the band is observed
feed only into positive-parity states. Also worth noting is th
the band branches out at the top, similar to what has b
seen in the positive-parity strongly coupled band in109Sb
@18#.

In the recent literature, structures manifest as sequen
of M1 transitions have been interpreted as ‘‘shears ban
using the tilted axis cranking~TAC! model @39#. The TAC
model predicts regularly spaced sequences ofM1 transitions
havingB(M1) strengths that decrease with increasing sp
largeB(M1)/B(E2) ratios, and small deformations. In pa
ticular, this model has been successfully applied to nu
near closed shells, for example105,106,108Sn @40–42# and
108Sb @43#. Band 2 in 107Sb is a good candidate for a shea
band since it is expected to have low deformation@23#, and
is known to have largeB(M1)/B(E2) ratios. However, the
lack of both firm spin assignments and lifetime measu
ments do not allow for a meaningful comparison to the p
dictions of the TAC model.

V. CONCLUSIONS

In conclusion, the neutron-deficient nucleus107Sb has
been studied to high spin for the first time with a thir
generation detector array, employing Gammasphere and
Microball. A large number of near-spherical states has b
identified and interpreted as resulting from the coupling
5-8
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the valence proton to various states of the106Sn core. Two
rotational structures have also been uncovered. One is a
coupled band, and has been assigned the full configura
ph11/2^ @p(g9/2)

22
^ p(g7/2d5/2)

2# ^ n(g7/2d5/2)
4

^ n(h11/2)
2.

Calculations using the cranked Nilsson-Strutinsky fram
work are consistent with the experimental observables
have been used to infer that this structure terminates at a
of 79/2 \. The second rotational structure is a weakly pop
lated sequence ofM1 transitions, which is interpreted as
strongly coupled band based on a high-K p(g9/2)

21

^ p(g7/2d5/2)
2 proton configuration. The possibility of
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tilted axis cranking interpretation for this structure was a
discussed.
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