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Particle-hole induced electric and magnetic rotation in*in
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The high-spin structure of'in has been investigated witl-ray spectroscopic methods using the
%zr(*%,4n) reaction with thin and backed targets. A comprehensive level scheme has been constructed which
exhibits interesting collective as well as novel single-particle excitations. Unambiguous evidence of proton
particle-hole excitations is found for the first time i& 50 nucleus in the form of decoupled bands involving
protong;(ds;,) andh,y,, orbitals above th&=50 spherical shell gap. The high-spin structure'tin also
involves the recently discovered magnetic rotation mechanism which is manifest as hightsplnbands
with no signature splitting and larg8(M1) strengths, but only a small associated deformation.
[S0556-28188)03604-9

PACS numbsgs): 21.10.Re, 23.20.Lv, 25.70.Gh, 27.6Q.

I. INTRODUCTION the highest spins and excitation energies ever observed in
nuclei.

. . Bands in these various nuclei near the 50 proton shell
In recent years, considerable progress has been made in o .
. o2 o ; . closure can be classified according to the number of proton
the identification and theoretical interpretation of rotational -h excitations involved in their confiqurations. Eor ex-
bands in nuclei just above th&=50 proton shell gap. The P g :

) . : . ample, Ip-1h excitations inZ=51 Sb nuclei give rise to
study of rotational structures in nuclei usually considered thigh-K strongly coupled bands of modest deformation based

be spherical i's. critical to an understanding of the g:oexistencgn the g, hole orbital[1,2]. This is referred to as afLh
of, and transition betweer?, deformed and spherical nuCIear,rom‘iguration, where it is implied that the configuration is
shapes. Prolate deformations #+50 Sn,Z=51 Sb, and  rgjative to the Sn core. Bands based qm2h excitations
Z=>52 Te nuclei appear to be stabilized by proton particleaye arger deformations and are found in several of the Sn,
hole (p-h) excitations across th=50 shell gap, with the  sp and Te isotopg8—8|. The deformations associated with
holes invariably in the higlf} orbitals of thegq, subshell, these configurations are strongly affected by the well-known
and the particles in one or more of the I&vorbitals of the  |eyel| crossing between the downsloping, and upsloping
next major shell, i.e., in thgz,, ds;, or hyy, Orbitals. The  7gq, orbitals at a quadrupole deformation 8§~ 0.20.
neutron Fermi level is also in this major shell, albeit at a In addition, a unique phenomenon called smooth band
higher energy. These excitations are believed to be respomermination[9,10] has been discovered in some of the in-
sible for intruder-type rotational bands extending to some ofruder bands resulting from these deformations. The process
involves a gradual change in the shape of the nucleus with
increasing spin from collective prolate£0°) to noncollec-
*Current address: UGM Laboratory, Inc., 3611 Market St., Phila-tive oblate (y=+60°) as the spins of all valence particles

delphia, PA 19104. outside of the doubly magi¢®Sn core(plus proton holes
TCurrent address: Institut fuikern- und Teilchenphysik, TU Dres- become aligned. Since, at the noncollective oblate shape, the
den, Mommsenstr. 13, D-01062 Dresden, Germany. total spin of the nucleus is composed only of contributions

Current address: Department of Nuclear Physics, Australian Nafrom occupied single-particle orbits, the spin associated with
tional University, GPO Box 4, Canberra ACT 2601, Australia. a particular configuration cannot exceed a certain maximum
SCurrent address: Argonne National Laboratory, Argonne,value. This can be observed as a termination of the band

IL 60439. sequence at that spin as long as the sequence of states cor-
** Current address: Nuclear Science Division, Lawrence Berkeleyesponding to that particular configuration lies sufficiently
National Laboratory, Berkeley, CA 94720. close to the yrast line that it is populated in the formation and
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decay of the nucleus. Above tli&=50 gap, a number of of 2°Pb. The beam was provided by the Stony Brook FN
cases have been identified in which one or more configuraFandem/Superconducting LINAC facility, and its energy
tions meet these criteria and the entire sequence up to thweas chosen to be 72 MeV, determined by an excitation func-
terminating state has been observed. This feature has betion to maximize the yield of*in. Coincidenty rays were
addressed theoretically with considerable suc¢é8f and detected by the Stony Brook array of six Compton-
the decrease in collectivity with increasing spin has recenthsuppressed high-purity Ge detectéod ~ 25% efficiency
been verified by experimefi1]. and a l14-element bismuth germand®GO) multiplicity
Given the richness of collective and noncollective behav{K)/ sum-energy ) filter with a hardware requirement of
ior in nuclei at and above th2=50 gap, it is of special K=2. A total of 157 10° y— y events were recorded using
interest to determine whether analogous structures exist ber- coincidence resolving time ofr2100 ns. The data were
low the gap. To pursue this investigation, the49 In nuclei  sorted into symmetrized and angular correlation y matri-
are particularly suitable largely because certain protorces for offline analysis.
1p-1h excitations across the gap can be easily identified A more sensitive investigation of the structure at the high-
without reliance on comparisons with complex theoreticalest spins was made possible by a second, thin-target experi-
models, as is often the case with ev@muclei in this region. ment. The target was self-supporting with a thickness of 500
All configurations in indium nuclei involving an odd number pg/cm?, giving good energy resolution fop-ray decays of
of gg, proton holes will have a largk value, and are ex- short-lived high-spin states. The population and detection of
pected to be nearly signature degenerate. Only the promotidrigh-spin states were enhanced by employing a higher beam
of a ggq;, proton to a low€) intruder orbital, namely, the energy of 85 MeV and the improved resolving power of the
proton 1p-1h excitation leaving a@g;, proton hole pair, pro- 87 y-ray spectrometer at the TASCC facility in Chalk River,
vides the conditions necessary for the occurrence of decowvhich consisted of 20 Compton-suppressed high purity Ge
pled rotational bands: upsloping proton-hole orbitals and aletectors and a 71-element BGQH filter set atkK=5. A
downsloping proton orbital to drive the core to a deformedtotal of 50x 10 y— y events were recorded, from which a
prolate shape, and a loW value for the configuration to symmetrizedy— y matrix was sorted using a minimuid
achieve a large signature splitting. This situation is complecut of 13.4 MeV to enhancé!lin (4n) over ™9n (5n).
mentary to the odd-mass=51 Sb nuclei, in which the ex- A third experiment was performed, again using the 8
istence of highk strongly coupled bands can be unambigu-spectrometer, to measure mean lifetimes of band members of
ously associated with apklh excitation from thegy, the strongest intruder band using the Doppler-shift attenua-
orbital below the shell gap. tion method(DSAM) [18]. In this case, the target was 600
In contrast, the interpretation of rotational bands in evenw.g/cm? thick with a 15 mg/cnd *°’Au backing, the beam
Z Cd (Z=48), Sn, and Te nuclei is more subtle, singeh  energy was again 85 MeV, and 2980° y— y events were
excitations do not have such a clear signature. Much of theollected.
support for thep-h interpretations of bands in the Sn and Te

nuclei reI|e_s on comparisons with, for examp_le, the smooth IIl. DATA ANALYSIS AND RESULTS
band termination calculations mentioned earlier. Recent ex-
perimental investigations of the even-mass48 Cd nuclei The level scheme of'lin was constructed on the basis of

[12-15 have uncovered various rotational structures, but itobserved coincidence and intensity relationships using both
has been difficult to demonstrate the involvementpeh

excitations and this interpretation continues to be questionet 10 F
[13,16.

Before this work, no convincing evidence of any rota- £
tional behavior had been found in indium nuclei. THeéin 3
nucleus in particular is expected to be a good candidate fo®
the observation of these phenomena since its neutron Fern 0
surface(at N=62) is near midshell where deformed shapes 100 200 alo 450 500 600 700
are most favored, but low enough that the number of valence
neutrons does not preclude the observation of smooth ban
termination. The initial publication from this woil 7] pre-
sented the discovery of the first proton intruder band in a
nucleus below th& =50 gap, which is based on theh,,,,
orbital via a Jp-1h proton excitation of the core. The present
paper reports a complete analysis of the data and the disco\ 0
ery of additional intruder bands. 480 550
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Il. EXPERIMENTAL DETAILS FIG. 1. Background-subtractegiray spectra gated on the 637-
) ) keV transition from the thin-target dat@op), and the 1501-keV
o Thlrgee separate experiments were performed, fl” using theansition from the Stony Brook backed-target ddtattom. Peaks
Zr(*9F,4n) reaction to populate high-spin states'flin. A igentified with band 6 and its decagop) and with bands 2 and 3
backed-target experiment provided maximum energy resolupotton) are labeled with their transition energies in keV. Unla-
tion for mosty-ray transitions and the highest statistics. Thebeled peaks belong to weaker, less significant decay paths or are
target consisted of 2 mg/chrof %Zr backed by 15 mg/cth  contaminants from nuclei populated in other reaction channels.
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FIG. 2. Level scheme of'lin as determined from the present series of experiments. The filled portion of the transition arrow width is
proportional to the coincidence-ray intensity observed in the thin-target data corrected for detector efficiency, while the open portion
indicates the expected addition@ainobservegtransition intensity from internal electron conversion. Parentheses indicate tentative assign-
ment for spins and parities, and tentative observationyfoays.

the backed- and thin-target matrices. A relevant spectrundard assumptions, the method of directional correlation from
from each matrix is shown in Fig. 1. The DSAM data were oriented stateéDCO) [26] was employed to assign spin and
not optimized for this purpose, but their consistency with theparity values to new levels, using the firm assignments of
proposed level scheme was confirmed. R’aWARE soft-  previously established levels as a starting point. From the
ware packaggl9] was particularly helpful in fitting the tran- Stony Brook backed-target date;ray pairs consisting of
sition energies and relative coincidence intensities, which arene from a detector at 90° relative to the beam direction and
given in Table I, as well as for keeping account of the con-another from a 35° detector, were sorted intoEyks. Vs
taminatingy rays from competing reaction channels which E,, oo DCO matrix. Gates were set at energies of known pure
were mainly those t0'*%n and '*%Cd. Previously, experi- dipole or quadrupole transitions, and projected onto both
ments using lighter ion§20—25 established many of the axes. Fory rays coincident with the gating transitions, DCO
observed levels up to about 3 MeV in excitation energy. Theatiosl , 35-/1 ., g0- Were determined, whetle, 3s- is the y in-
present data confirm many of these proposed levels and cotensity measured from the gate projected onto the 35° axis,
siderably extend the known level scheme. and |, go- the intensity from the 90° projection. Assigned
It was assumed that, in general, levels decay to those wittransition multipolarities were required to be consistent with
lower spin, and that prompg-ray decays between states of measured DCO ratios, which are listed in Table | for sll
the same parity are constrainedAd=<2, and those between rays for which a value could be determined. When gating on
states of opposite parity tdl <1. In addition to these stan- a known stretched?2 transition, a ratio of 1.0 is typical for
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TABLE I. Energies, relative coincidence intensities, DCO ratios, initial and final state spins, and multipolarities of transitions assigned
to *in in the present series of experiments.

E, (keV) Ly irt (%) I packeq, (%) DCO Ratid IT—I7 Multipolarity
(5.0 19/2” —17/2- M1/E2
(118.8 17/2-—15/2- M1/E2
118.81) 14.98) 6.6(3) 0.502) 23/27 —21/2* M1/E2
123.51) 31.71.6) 18.49) 0.4411) 21/2-—19/2” M 1/E2
127.41) 8.1(4) 3.502) 0.472) 21/27 —19/2* M 1/E2
128.81) 0.91) 0.91) 21/27— 17/2- E2
152.22) 0.31) 0.21) 1.0452) 17/2-—17/2* E1l
157.12) 0.2(1) 0.2(1) 0.6326) 19/2-—17/2* E1l
166.91) 1.2(1) 1.1(1) 1.148)° 15/2~— 13/2~ M1/E2
177.81) 5.1(3) 3.32) 0.482) 21/2”— 19/2~ M1/E2
197.711) 0.6(1) 0.51) (17/2+)—15/2* (M1/E2)
204.11) 36.01.9) 17.49) 0.431) 25/2+ —23/2" M1/E2
210.41) 5.2(4) 3.22) 19/2-— 17/2° M 1/E2
211.11) 60.23.1) 43.32.2) 0.4911) 17/2-— 15/2° M 1/E2
219.61) 1.2(1) 0.51) (23/27)— (21/2") (M1/E2)
232.41) 17.49) 6.53) 0.452) 31/2+ —29/2* M 1/E2
234.81) 10.35) 4.12) 0.452) 20/2 —27/2* M 1/E2
248.11) 5.4(4) 4.62) 0.4998) 13/27 —11/2* M 1/E2
255.31) 3.001) 10.45) 0.903) 21/2t >17/2* E2
268.41) 3.42) 1.9(1) 0.454) 33/2"— 31/2° M1/E2
274.91) 1.7(1) 1.1(1) 0.486)° 19/2”— 17/2- M1/E2
276.11) 0.2(1) 0.4(1) 0.5911) 17/2% —15/2* M 1/E2
279.31) 17.19) 5.903) 0.392) 33/27 —31/2* M 1/E2
281.11) 30.61.5 19.11.0) 0.4411) 23/27— 21/2~ M 1/E2
282.11) 2.712) 1.2(1) 0.486) 20/2° 27/2F M 1/E2
295.11) 4.302) 3.22) 0.41(3) 23/27— 21/2- M 1/E2
317.31) 3.92) 2.1(1) 0.504) 31/2-— 29/2- M 1/E2
318.31) 0.7(1) 0.8(1) 0.5710) 19/2F —17/2* M1/E2
319.641) 0.7(1) 0.6(1) (21/27)— 19/2~ (M1/E2)
328.92) 0.31) 0.4(1) 17/2” —15/2* E1l
339.11) 5.33) 2.51) 0.928) 25/2 21/2* E2
341.81) 0.1(1) 0.71) 0.7911) 21/27 —19/2* M 1/E2
347.41) 0.41) 0.31) 0.667)¢ 2727 — 25/2~ M 1/E2
360.11) 2.22) 1.7(2) 0.8209) 19/2-— 19/2- M 1/E2
366.81) 4.6(4) 5.33) 0.633) 17/2-— 15/2- M 1/E2
(369.9 29/2* —29/2* M1/E2
370.41) 0.1(1) 1.2(1) 0.7513) 19/2" —17/2* M1/E2
371.31) 34.91.9 14.27) 0.423) 27/2* —25/2* M1/E2
(371.6 27/2% —(23/2%) (E2)
372.91) 15.7(8) 4.22) 0.442) 35/27 33/2" M 1/E2
381.81) 0.7(1) 0.4(1) (19/27)— 19/2~ (M1/E2)
386.19) 0.1(1) 17/2% —15/2F M 1/E2
390.51) 2.712) 0.41) 0.248)¢ (33/27)— (31/27) (M1/E2)
399.91) 2.51) 0.91) 0.625)¢ 35/2”— 33/2” M1/E2
402.71) 2.712) 1.31) 0.9410) 25/2F —21/2* E2
404.21) 9.2(5) 1.2(1) 0.444) (35/27)— (33/27) (M1/E2)
405.61) 1.5(2) 1.2(1) 0.584) 21/2* —19/2* M1/E2
415.01) 0.91) 0.7(1) 1.6221)¢ 21/2-— 21/2- M1/E2
415.12) 0.4(1) 1.1828)¢ 15/27— 13/2° M 1/E2
421.73) 0.8(1) 0.2(1) 0.21(13)¢ 19/2% —17/2F M 1/E2
428.52) 0.31) 0.21) 1.41(40) 23/27— 23/2” M 1/E2
429.51) 0.91) 0.6(1) 0.7511)¢ 19/2-— 17/2° M 1/E2
442.41) 21.21.1) 10.75) 0.371) 25/27— 23/2” M 1/E2

445.22) 0.31) 25/2+ —(23/2*) (M1/E2)
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TABLE I. (Continued.

E, (keV) Ly hird (%) ) backed, (%) DCO Ratid 1717 Multipolarity
446.51) 0.52) 1.2(1) 0.6409) 17/2* — 15/2* M1/E2
449.61) 4.903) 0.5(1) (37/127)— (35/27) (M1/E2)
466.91) 18.1(1.0) 16.68) 0.551) 17/2* — 15/2* M1/E2
468.92) 0.2(1) 1.0921) 13/27— 9/2* E2
478.41) 0.92) 0.7(2) 27127 — 23/2* E2
487.11) 10.76) 1.7(1) (37/2+)— 35/2* (M1/E2)
513.41) 29.71.5 9.05) 0.402) 29/2% — 27/2F M1/E2
520.22) 0.2(1) 15/2 — 13/2* M1/E2
529.81) 3.02) 0.1(2) (39/27)— (37/27) (M1/E2)
531.11) 2.44) 1.91) 0.8710) 11/2+— 7/2* E2
(533.2 21/2* — 19/2* M1/E2
534.91) 19.41.0 4.42) 31/2" — 29/2* M1/E2
538.61) 3.02) 2.4(1) 1.0414) 21/2-— 19/2° M1/E2
546.41) 9.05) 1.5(1) (33/2%)— 31/2" (M1/E2)
549.81) 2.6(1) 1.41) 0.8219)¢ 2327 — 21/2° El
559.91) 8.95) 1.1(1) (33/2)— 31/2F (M1/E2)
562.91) 2.02) 1.01) 0.3405) 2712 — 25/2F M1/E2
563.91) 0.812) 0.6(1) 0.979)¢ 21/2°— 23/2- El
565.11) 2.92) 1.7(1) 0.567) 25/2-— 23/2° M 1/E2
580.51) 2.32) (41/27)— (39/27) (M1/E2)
593.61) 34.22.0 25.41.3 0.5411) 15/2* — 13/2* M1/E2
599.62) 0.43) 0.5(1) 17/2* — 15/2* M1/E2
605.91) 3.34) 1.41) 0.9514) 17/2 — 13/2* E2
609.12) 2.31) 0.4(1) 0.7216)" 21/27— 19/2- El
611.51) 1.91) 0.7(2) 0.5919) 292" — 27/2° M1/E2
619.41) 5.0(1.0 2.1(2) 0.51(5) 17/2-— 15/2* El
634.81) 2.02) 0.8(1) 0.7911)¢ 19/2F — 17/2* M1/E2
636.51) 2.73) 1.7(1) 0.9918) 31/2°— 27/2* E2
637.11) 8.2(4) 0.7(2) (39/2*)— (37/2%) (M1/E2)
646.32) 0.7(2) 0.947)° 19/2* — 15/2* E2
646.81) 7.04) 3.202) 0.947)° 29/2" — 25/2° E2
648.41) 3.92) 1.01) 1.3823)¢ 2712 — 27/2F M1/E2
651.12) 0.31) (9/27)— 5/2* (E2)
663.31) 4.007) 0.7(2) 1.0521) 35/27— 31/2F E2
663.91) 0.7(2) 0.5(1) 0.1411) 17/2* — 15/2* M1/E2
688.11) 2.2(2) 1.1(1) 0.9711) 2527 — 21/2* E2
696.41) 2.303) 1.51) 0.948) 21/27— 17/2* E2
705.12) 3.02) 0.4(1) 1.9332¢ (27/127)— (23/27) (E2)
712.41) 0.1(2) 0.91) 0.9918) 21/2° — 17/2* E2
713.11) 4.903) 1.5(1) 29/2-— 27/2° M1/E2
726.52) 0.42) 0.31) (27/127)— 25/2~ (M1/E2)
738.41) 13.27) 5.93) 0.422) 27/2"— 25/2° M1/E2
740.11) 1.2(3) 1.41) 1.08111) 15/2* — 11/2* E2
741.91) 4.7(3) (41/2%)— (39/2%) (M1/E2)
744.41) 0.7(2) 1.1(1) (21/27)— 19/2~ (M1/E2)
762.64) 0.1(1) 2112 — 17/2* E2
764.02) 1.6(1) (43/2%)— (41/2%) (M1/E2)
764.71) 3.8(4) 1.5(1) 0.8412) 29/2" — 25/2F E2
773.23) 1.01) 0.4(1) (31/27)— 29/2~ (M1/E2)
774.13) 1.2(1) 0.4(1) 17/2-— 15/2* El
774.71) 1.33) 1.5(1) 0.526) 2712 — 25/2F M1/E2
775.91) 0.92) 0.7(2) 0.9713 21/2°— 17/2* E2
785.41) 4.44) 3.32) 1.0411) 19/2* — 15/2* E2
795.51) 1.73) 1.2(1) 1.0013) 23/27— 19/2* E2
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TABLE I. (Continued.

E, (keV) Ly nird (%) ) packed (%) DCO Ratid |77 Multipolarity
798.21) 1.313) 0.5(1) 0.51(7) 13/2% — 11/2* M1/E2
806.12) 1.313) 1.2(1) 0.8012)° (19/27)— 19/2~ (M1/E2)
808.42) 0.91) 0.5(1) 0.8012)° 21/2* — 19/2* M1/E2
811.411) 2.2(3) 0.51) (27/27)— (23/2%) (E2)
813.21) 14.39) 0.6(1) (31/27)— (27/27) (E2)
816.52) 0.1(1) 0.3(1) 19/2* - 15/2* E2
822.31) 2.32) 0.5(1) 0.5011) 27/2% = 25/2F M1/E2
827.11) 2.2(4) 1.6(1) 0.9913) 19/2* - 15/2* E2
828.02) 0.4(1) (13/21)— (9/2%) (E2)
832.33) 2.2(4) 0.4(1) 17/2* — 15/2* M1/E2
834.42) 2.56) 0.91) 1.3414)¢ 13/2-— 13/2* El
840.41) 1.5(2) 0.8(1) 0.8018) (23/2*)— 21/2* (M1/E2)
842.412) 1.62) 1.7(1) 1.3224) 15/27 — 11/2* E2
846.82) 4.003) 1.2(1) (33/27)— 29/2* (E2)
847.53) 7.505) 1.1(1) (37/21)— (33/2*) (E2)
861.43) 0.1(1) 0.6617) 912+ = 7/2* M1/E2
871.12) 2.0(3) 0.7(1) 1.11(11) 21/2% - 21/2* M1/E2
880.31) 4.1(3) 1.7(1) 0.6210) 29/27 — 27/2° ML1/E2
884.32) 1.2(2) 0.31) 1.0523)¢ 29/2* — 25/2F E2
887.641) 3.42) 1.0(2) 0.9319)¢ 25/2F — 23/2~ El
891.711) 11.67) 0.31) (35/27)— (31/27) (E2)
901.12) 0.31) (23/27)— 19/2* (E2)
902.81) 5.1(4) 0.5(1) (41/27)— (37/2%) (E2)
905.01) 3.602) 0.6(1) (39/2+)— 35/2* (E2)
921.32) 0.32) 0.3(1) 33/2% - 29/2* E2
934.93) 1.7(2) 0.5(1) (33/2+)— 29/2* (E2)
952.41) 8.6(5) 0.2(1) (39/27)— (35/27) (E2)
965.01) 9.7(5) 4.12) 0.443) 23/2% — 21/2° E1l
967.21) 0.2(1) 0.5(1) 17/2% — 13/2* E2
969.82) 1.01) 0.31) 0.5619)¢ 21/2 — 19/2° El
990.91) 3.82) 2.7(2) 0.826) 23/2% — 21/2* M1/E2
999.31) 10.77) 6.4(3) 0.7709) 19/27 — 17/2* M1/E2
1001.11) 63.03.6) 56.1(2.9) 0.51(1) 15/2° — 13/2* E1l
1006.52) 1.7(2) 0.4(1) 27/2° — 25/2° M1/E2
1019.91) 2.0(2) 0.4(1) 27/2% - 25/2F ML1/E2
1021.42) 0.51) 19/2* - 15/2* E2
1023.62) 0.8(1) (19/27)— 15/2~ (E2)
1030.62) 3.603) 0.2(1) (45/27)— (41/2%) (E2)
1037.11) 6.1(4) (43/27)— (39/27) (E2)
1038.71) 2.82) 0.7610) 15/27 — 13/2* M1/E2
1048.42) 3.32) 0.7(1) 31/27 — 27/2* E2
1060.51) 6.1(4) 7.34) 1.0505) 17/2% = 13/2* E2
1075.31) 1.0(1) 132 = 11/2* M1/E2
1080.41) 4.007) 0.8(1) 0.396) 31/2% - 29/2* ML1/E2
1081.32) 2.92) 0.4(1) (33/2+)— 29/2* (E2)
1082.31) 3.2(6) 2.1(1) 0.9313)¢ 13/2-— 11/2* El
1084.92) 0.6(1) (23/27)— 19/2* (E2)
1095.G2) 2.92) 0.2(1) (33/27)— 29/2* (E2)
1101.72) 1.1(1) 5/2* — 9/2* E2
1103.71) 0.33) 0.8(1) 19/2F — 17/2* M1/E2
1108.32) 4.7(3) (47127)— (43/27) (E2)
1127.41) 8.7(5) 3.52) 0.9511) 21/2% - 17/2F E2
1127.41) 1.2(1) 1.3029) 21/2* — 19/2F ML1/E2
1152.71) 5.8(4) 0.91) (37/2)— (33/2*) (E2)
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TABLE I. (Continued.

E, (keV) Ly hird (%) ) packed (%) DCO Rati¢ IT17 Multipolarity
1152.91) 20.51.6) 13.67) 1.0811) 11727 — 9/2* M1/E2
1166.73) 2.702) 0.1(1) (37/27)— (33/2) (E2)
1190.82) 0.6(1) 0.31) 21/2" — 19/2* M 1/E2
1200.81) 0.31) 0.62) 17/2*— 15/2* M1/E2
1205.62) 2.003) (43/2)— (39/2%) (E2)
1206.12) 4.003) (51/27)— (47/27) (E2)
1219.13) 2.2(3) (49/27)— (45/2*) (E2)
1224.11) 5.4(3) 1.01) 1.4538) 27/2% — 23/2* E2
1254.81) 4.07) 0.91) 1.5637)° 29/2" — 25/2* E2
1286.73) 0.31) 15/2" — 11/2* E2
1291.42) 3.73) (41/27)— (37/2%) (E2)
1306.41) 1.01.0) 0.812) 0.4311) 15/2* — 13/2* M1/E2
1310.52) 3.003) (55/27)— (51/27) (E2)
1347.81) 1.1(1) 1.1322) 15/2* — 13/2* M1/E2
1371.32) 0.6(2) 0.5(1) 15/2* — 13/2* M1/E2
1378.14) 2.03) (59/27)— (55/27) (E2)
1383.31) 1.93) 0.6(1) 1.9628) 25/27— 21/2° E2
1392.81) 3.4(6) 4.02) 0.906) 25/2" — 21/2* E2
1401.21) =100.07.6) =100.05.2 1.053) 13/2" — 9/2* E2
1425.22) 1.1(3) 0.91) 17/2F — 13/2* E2
1435.45) 1.7(7) (53/2%)— (49/2%) (E2)
1447.47) 1.03) (63/27)— (59/27) (E2)
1448.71) 2.373) 1.31) 2.4%(47)¢ 27127 — 23/2° E2
1451.41) 2.32) 0.7(1) 1.6971)¢ 29/2” — 25/2° E2
1466.22) 2.1(2) 0.81) 2.21(41)8 19/2* — 15/2* E2
1500.51) 4.04) 1.91) 0.977) 7127 — 9/2* M1/E2
1518.31) 0.81) 1.1015) 15/2* — 13/2* M1/E2
1596.41) 0.5(1) 15/2" — 11/2* E2
1619.42) 0.31) 15/2" — 11/2* E2
1634.56) 1.23) (57/12%)— (53/2%) (E2)
1638.23) 0.7(2) 17/2*— 13/2* E2
1753.24) 0.22) 9/2" — (9/2) (M1/E2)
1767.12) 0.2(1) 15/2* — 11/2* E2

8Relative coincidence intensities from thin-target data, corrected for detector efficiency and normalized to 100% for the 1401-keV transition.
®Relative coincidence intensities from backed-target data, corrected for detector efficiency and normalized to 100% for the 1401-keV
transition.

‘DCO ratios are from backed target data only and from gates on strefché@nsitions, except where indicated otherwise.

9DCO ratio from gate on pure dipole transition.

®DCO ratio is for a peak composed of more than one transition.

stretchedE2 transitions, and 0.50 for a pure stretched dipole The 861-, 798-, and 664-keV transitions between bands 2
transition. Note that a pure nonstretched dipole transitiorand 3 have DCO ratios which are not consistent with a
(A1=0) would also be expected to have a DCO ratio ofstretched quadrupole nature; hence, band 2 is assigned sig-
approximately 1.0. nature+1/2, opposite to that of band 3. DCO ratios of the
The levels are arranged into a numberefay cascades intraband transitions are consistent with a stretched quadru-
labeled 1 through 12, as shown in Fig. 2. For simplicity, theypole nature up through the 2972evel. The adjacent place-
are all referred to as bands, although some cascades may nmoéent of the 847-keV doublet transitions is based on the fact
correspond to collective rotation. The left side of the levelthat a gate at 847 keV shows a peak at the same energy
scheme including bands 1 through 8, contains the positivewhich fits the intensity profile of the rest of the band, i.e., it
parity states while the right side including bands 9 throughis stronger than the 765-keV transition but weaker than the
12, shows the negative-parity states. Only those parts of the03-keV transition. The higher energyray of the doublet is
level scheme which particularly deserve justification are displaced above the lower energy one because gates rays
cussed below, proceeding sequentially through the bandbove the doublet show a slightly higher peak centroid than
numbers. gates on those below. This difference in centroid is probably
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enhanced by the proposed feedout at {88/2") level, (at 2614 keV which decays via the intense 212-keV transi-
which is discussed in more detail below. tion. The levels are connected by a 5-keV transition, through
The intensity profile of band 2 is somewhat peculiar inwhich almost all of the flux of band 9 passes with little or no
that gates on the 903-keV and higher transitions in band ®bserved hindrance. Although this may seem unlikely due to
show that the portion of the band above the 29/@nd/or  the low transition energy, the Weisskopf estimate foivih
(33/2™) levels is significantly more intense than the transi-transition of this energy including electron conversion pre-
tions below those levels. Specifically, these gates, after effidicts a half-life of the order of 1 ns. This lifetime is suffi-
ciency correction, show an 847-keV peak which is signifi-ciently short that the observation of coincidences between
cantly more than twice as intense as the 765- and 689-ke¥fansitions above and below the level would not be signifi-
peaks. The 847-keV doublet complicates the analysis, but @antly suppressed by the experimental time window. The ex-
reasonable explanation can still be made. If it is assumed thigtence of the weak 129-keV crossover transition as well as
the intensity loss occurs at one level, it would be at thenumerousy-ray energy sums involving the firmly estab-
(33/2™) level because, in the 1031-keV gate, the peak at 84Tished bands 8 and 12 confirm the existence of the two lev-
keV is not nearly twice as intense as that at 903 keV, mearels.
ing that the full flux of the 903-keV transition passes through The spin and parity assignment of the upper level at 2619
the upper transition of the doublet, but not all of it goeskeV is based on the following observations. The lower level
through the lower one. From the 1031-keV gate, the intensityt 2614 keV has been assigned 17/Btates in band 9 above
of the peak at 847 keV is within statistical error of the sum ofthis level are almost certainly also of negative parity in keep-
the intensities of the peaks at 903 kéWrough the upper ing with its bandlike structure and the systematics of neigh-
transition of the doublg¢tand 765 keV(passing through the boring odd-mass In isotopd®7]. The possibility that the
lower transition. A similar argument can be made using the transition is arl —1 M 1/E2 transition, with both levels hav-
903-keV gate. The measured intensities indicate that aboug spin 17/2, is unlikely for several reasons. Since bands 8
half the flux of the band is lost at tH83/2") state, as indi- and 9 have opposite parity, only transitions with=1 or 0
cated in Fig. 2. Unfortunately, no other discrete transitionsyill be observed between them, making the spin of the 2619-
from this level could be found, perhaps because the flux ikeV level at least 19/2, assuming the spin assignments of
divided over several weaker transitions or because the energyand 8 are correct. In addition, the wave functions of the two
of the transition is so high that low detector efficiency pre-levels appear to be very distinct and unmixed, since transi-
cludes its observation. tions from higher levels greatly favor one state over the
The spin and parity assignment of the 1501-keV level ofother; e.g., decay from the next higher level of ban¢a®
band 3 is critical to the determination of the configuration of2743 ke\j greatly favors the upper of the two levels via the
the rotational band built upon it. Previous work based oni23-keV transition over the lower level via the 129-keV tran-
y-ray angular distributions and decay characteri§@ as-  sition. If the two levels had the same spin, this would be very
signed it to be 7/2 or 9/2*. This was confirmed by analysis difficult to explain, as it would require exceedingly pure and
of the deuteron spectrum from th&%Cd(®Hed) reaction, orthogonal wave functions to achieve an interaction matrix
which indicated an =4 angular momentum transf¢24]. element of<3 keV. Also, theM 1 decay from a 17/2 2619
The presence of the 1619-keV transition out of the 15/2 keV level would greatly favor a 217-keV transition to the
member of band 3 to the 11/2state at 1153 keV effectively 2402-keV 15/2 level over the 5-keMM 1 transition, but the
rules out the possibility that the bandhead spin is'9/@ince  data show no evidence for such a transition. Stretds2d
the DCO ratios of the 532- and 740-keV transitions of bandcharacter for the transition is also ruled out by the presence
3 are consistent with a stretched quadrupole nature, a 9/2of the 129-keV transition as well as by the greatly sup-
bandhead spin assignment would imply M3 character for pressed transition rate expected at 5 keV. The only reason-
the 1619-keV transition. Hence, band 3 is assigned & 7/2 able possibility is aAl=1 M1 transition, giving a spin and
bandhead corresponding to a signature-df/2. This 7/2 parity of 19/2” for the level.
assignment requires that the 1501-keV transition to the Band 10 could not be linked to lower spin states; its decay
ground state have avi 1/E2 character in order to be consis- pattern is indicated in Fig. 2 by dashed arrows, and its exci-
tent with its DCO ratio. tation energy and spin-parity assignments have been esti-
The near degeneracy of tli@3/2") levels in band 5 and mated by intensity and feeding considerations. Intraband
band 8(14 keV difference indicates a rather small interac- transitions are assumed to be stretched dipoles because qua-
tion matrix element between the two statesof keV (half  drupoles would make the band far more yrast than the rest of
the level difference Thus, the unusually large feeding from the scheme, in contradiction to its limited extent and rela-
band 5 into band 8 via the 560-keV transition, which sug-tively modest intensity.
gests that th¢33/2") levels are strongly mixed, is the result ~ The analysis of band 11 was reported in the first publica-
of an “accidental” degeneracy and does not reflect any simition from this collaboratior{17], which also discusses the
larity in structure. Of the nearly degenerate pair of levels, thehigh-spin DSAM lifetime data from the present series of ex-
level at higher energy is placed in band 5 because of thperiments. For band 11, the DSAM analysis was carried out
greater branching to it from th@7/2%) level of the band. by the centroid shift method and the data were consistent
One unusual aspect of the level scheme deserves particwith a constant in-band quadrupole moment of
lar attention. In the course of the analysis of band 9, a disQy=2.3(3) eb, corresponding to an axial prolate deforma-
crepancy in excitation energy of 5 keV was discovered. Thidion of 8,=0.182). Unfortunately, due to insufficient statis-
was traced to a previously overlooked leyat 2619 keY  tics and contamination of the-ray lines, lifetime informa-
which is above but nearly degenerate with the I7i2vel  tion could not be reliably extracted for other structures.
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FIG. 3. Experimental aligned spins as a function of rotational  F|G. 4. Experimental aligned spins as a function of rotational
frequency for theAl =2 bands established ittlin and the yrast frequency for theA| =1 bands 6, 8, and 10 iftin and the related
band in**%Cd [14], relative to a Harris parametrization of the core pands 12, 11, and 2 iH%Cd [14], relative to a Harris parametriza-
of Jo=>5.01*/MeV and J,=15.0:/MeV?. tion of the core of7,=5.0h%MeV and 7, = 15.0h4/MeV 3.

Despite extensive attempts using the backed-target data tmnlike state of 1*2Sn [23,25. Similarly, the 15/2° and

find discrete transitions linking band 11 to states of known17/2" states of band 7 can be associated withztiag; © 4"

excitation energy, it could not be definitively connected andmultiplet. The 21/2 level is an isomer with a 13(#) ns

consequently the spin and parity assignment remain tentativigalf-life [27] which is related to the 6 isomer in the'?Sn

and the excitation energy is estimated. The pattern by whiclkore and corresponds to tlg,, proton hole coupled to a

the band feeds into the lower-lying states is indicated b){WO_quasineutron state of predominanﬂglzng character

dashed arrows in Fig. 2. [23]. The negative-parity levels of bands 9 and 12 can simi-

larly be viewed as gq,, proton hole coupled to the low-lying

negative-parity states of!'?Sn which involve two-

quasiparticle neutron excitations, including to some extent

For completeness, all levels identified withlin in the  neutronds;h;y,, octupole correlation§28,29.

analysis of the present data are presented in Fig. 2 and Table

I. Figures 3 and 4 contain the experimental aligned spins as a A. Decoupled bands

Iﬂ?gtls\ztﬂf tféagggsgl)tfiroer?%?n;gioerftg\?ecr)\?isé(\e/\cvgfdtﬁgncduf:g;? As discussed in Sec. |, decoupled bands in indium nuclei
) : . almost certainly result from d-1h proton excitations from

understanding of the low-spin states of the nucleus, the fol:

lowing discussion will focus on those structures thought o€ Yerz Orbital to one of thegizz, dsyz, Or Ny Orbitals above

involve at least modest deformation which can be interprete(.rihe shell gap. Theseph configurations are believed to be

in terms of rotational or quasi-rotational characteristics. Thewxg;]/e;rén dﬁt;iucs()sgfélggre?g\?vnii ?;;Jtag:ddserll, 3,1,2,4,and5,
structures of states belonging to many of the irregular struc- '

IV. DISCUSSION

tures observed at high spin involve multiple single-particle
- - . b ; 1. Band 11
configurations in a spherical potential and clearly cannot be . _
understood within this framework. Band 11 is the most intense decoupled band and extends

The low-spin level structure of'in has been the subject t0 the highest spin. It is interpreted as a rotational band built
of several previous experiments employing beams of proton@n the Ip-1h proton excitation from thergy, to the whyy,
[21,22,25, deuterong20], « particles[23], and 3He [24].  orbital, i.e., the p2h hyy942 configuration, as discussed
The resulting interpretations of the observed states, with th# the initial report of this wor17]. Although it could not
exception of four putatively deformed states to be discusselie firmly linked to states of known spin and parity, it feeds
later in connection with band 3, involve spherical single-negative-parity states only and thus is most likely also of
particle or vibrational characteristics. The structure of thosenegative parity. The gradual increase in aligned spin, appar-
states which have been observed in the present data can &gt in Fig. 3, and the7?) dynamic moment of inerti#not
summarized in a general way as follows. The 9/@round  shown are very similar to those of theh,, intruder band
state is associated with thegg, hole orbital. The 11/2 and  in the 1°Sb isotone, which is based on apZh
13/2* states of band 7 are members of the multiplet of statesrhy;,,9%,94/5 configuration. In that nucleus, the smooth in-
formed from coupling the protogg,, hole to the 2 vibra-  crease in aligned spin is attributed to a strong proton-neutron
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(m,0):s0lid=(+,+1/2),dotted=(+,-1/2),dash-dotted=(-,+1/2), dashed=(-,-1/2) and Signature of- 1/2, band 3 is most ||ke|y based on the
1p-1h proton excitation into therg, orbital, or the 2h
7-rg7,zg;,§ configuration. In Fig. 3, a sharp backbend is evi-
dent at 0.35 MeMi with a gain in aligned spin of roughly
9%. Compared to band 11, it is expected that the standard
CSM would better reproduce the behavior of the aligned spin
of band 3 because the occupied proton intruder orbgabX
is not in the same shell as the quasiparticle pair expected to
align first (hy1,, neutron$ and hence the effect of the proton-
neutron interaction is less significant. For the calculations,
the measured quadrupole moment of band 11 provides a rea-
sonable estimate for the deformations of all the2h con-
figurations of this nucleus, although the actual deformations
of configurations involving the less deformation-driving
2 04 05 06 07 08 positive parity intruder orbitals may be slightly smaller.
o (MeV) :
CSM calculations have been performed for a range of defor-
mations around this estimate; teé crossing in the calcula-
FIG. 5. Quasineutron Routhians fotin as a function of rota-  tion at a quadrupole deformation 85=0.15, shown in Fig.

tional frequency, calculated using the cranked shell model with &, accurately reproduces the crossing frequency, the gain in
Woods-Saxon potential. The deformation was specified by the paaligned spin, and the small interaction strength of the ob-
rameters3,=0.15, 8,=0.00, andy=3°, and the pairing was fixed geryed backbend.
at the BCS value. The labetsf, fg, andab indicate the firsttwo ¢ 5 jnteresting to compare the aligned spin of band 3 as a
crossings of negative-parity neutrons and the first positive-parity netion of rotational frequency to that of the yrast band in
neutron crossing, respectively. the 19%Cd core which is of almost purelyr2charactef14].
interaction between thé,;,, proton and the alignindy,;, !N Fig. 3, itis seen that the magnitude of the aligned spins of
neutrong 6]. This may explain why a standard cranked shell *in is very nearly 3.5: greater than that of thé"%Cd core
model (CSM) calculation, which does not properly account over the entire observed frequency range, as expected from
for this residual interaction, incorrectly predicts a sharp in-the placement of the odd proton in the I&vg, orbit. The
crease in aligned spin at a well-defined frequency dugtg  backbends in both bands occur at essentially the same fre-
neutron pair alignment. A CSM calculation appropriate forquency and with similar interaction strengths and gains in
Min is displayed in Fig. 5; the predicted neutron alignmentaligned spin, consistent with,,, neutron pair alignment.
frequency is defined by the crossing labetefd The DSAM  This implies a similar deformation for thECd yrast band,
lifetime data are consistent with a constant in-band quadruyhich is consistent with lifetime measurements in that
pole moment of 2.3) eb, corresponding to a quadrupole nycleus [31]. If the deformation assumptions presented
deformation of3,=0.182) if axial symmetry is assumed. apove are correct, it is somewhat surprising that the addi-
This deformation is consistent with total Routhian surfacejonal occupation of a deformation-driving intruder orbital in
(TRS) calculations[30] for the (7,a)=(—,—1/2) configu- e 1144 case does not influence the deformation more

" atitional t for this interpretati be found in SO"9Y:
tional support for this intérprétation can be tound in Although prior to this work, rotational bands had never

recent theoretical work using an extended TRS mo6]. §een observed ifttlin, it must be noted that the deformed

Quasi-neutron Routhian (MeV)

In addition to the standard TRS model, a quadrupole pairin .
interaction was used to better account for particle-particl ature of the 7/2 bandhead of band 3 had been suggested in

correlations, and a new method was employed which a several p“?"ious WOkaﬁZ’Z“'EE}- These studies suggested
proximately restores the particle number symmetry in ordefnat low-lying 12", 3/2", 5/2", and 7/2" states at 1188,
to avoid pairing difficulties near closed shelis. These pairing-1345, 1102, and 1500 keV, respectively, belong to a rota-
deformation self-consistent TRS calculations, which involvetional sequence based mainly on {#81]1/2" Nilsson or-
no free parameters, were performed for the proposed corital, for the following reasons. The low energy of the 1/2
figuration of band 11 in''in and give excellent agreement and 3/2" states could not be explained bgg, hole coupled
with the data[16]; although the deformation is somewhat to the Sn core because it would require coupling to the
overpredicted compared to the value determined by thdigher-lying 4" state of the core. The 5/2and 7/2" states
present DSAM measurements, the smooth increase in angappear to be of predominantlyp2h rather than h nature,
lar momentum of the band is reproduced to within abdut 1 because both are strongly populated in proton transfer reac
across the entire observed frequency range. The agreemdians on Cd nuclei, but not in proton stripping reactions on
between these calculations and experiment is also reasonal@@ nuclei[24]. The particle rather than hole nature of the
for the yrast bands in even-mass Cd and Te nuclei, and ii#/2" state is further supported by a recent wf2k] which
odd-mass Sb nucldil6], and is in any case a significant ruled out the possibility that the state is a member of the
improvement over the standard calculations. 0s2®2; multiplet because a nearby 7/tate at 1543-keV
(unobserved in the present experimentas identified with
that multiplet based on analyses of DSAM lifetime measure-
Band 3 has firm spin and parity assignments and alsoents and IBFM calculations. In addition, the rotational in-
appears to be rotational in character. Given its positive parityerpretation was supported by early Nilsson band-head cal-

2.Bands 3 and 1
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culations for neighboring isotopd$82] which predicted a two-quasineutron excitation to account for its large aligned
deformed minimum at low energies. However, the orderingspin. Another possibility is that the lower 847-keV transition
of the states was difficult to reproduce in calculati¢Bd], is actually a member of the lower band, and that the partial
and again, no rotationaf-ray cascades were observed. Thedecay from the upper band to the lower band is itself frag-
present data show no evidence for either the*1¢2 3/2* mented and hence not observed. In this case, the upper band
states, and the 5/2 and 7/2" states appear to belong to might have spins different from those suggested, and thus
different y-ray cascades, with only the 7/2evel leading to  might be consistent with the favored signature of the ex-
an extended rotational band, band 3. pected intruder configuration after all, although the lack of a
In light of these arguments, the 572state of band 1 at decay path to band 3 would be difficult to explain. Greater
1102 keV may then be viewed as an intrudg2h state of  experimental sensitivity in this region of the band is required
predominantly 7ds, character. Indeed, thg¢9/2") and to resolve these ambiguities.
(13/2") levels of band 1 could belong to a rotational band
built on this state. Since therg,;, and 7ds, orbitals are 4. Bands 4 and 5

nearly degenerate and are strongly mixed at the deformations Bands 4 and 5 are somewhat weak and poorly developed.
appropriate for this nucleus, some mixing with the unfavoredro the extent that these structures may be interpreted as ro-
signature of they;, orbital is expected. The aligned spin for tational bands, they are most likely related to thg2h in-
band 1 is also displayed in Fig. 3, but because of its limitedruder configurations of bands 2 and 3, but with different
extent, the detailed rotational characteristics of the band Carheutron excitations. The aligned spins are large, as seen in
not be analyzed further. Fig. 3, most likely due to the presence of aligrted,, neu-
3 Band 2 trons. Band 4 has about/8 more aligned spin than band 5,
' and the experimental Routhian of band 4 crosses that of band
Band 2 presents several difficulties in its interpretation. It5 at about 0.6 Me\#. This crossing frequency and differ-
decays into band 3 at frequencies below that of the;,  ence in aligned spin could be attributed to midske}(ds,)
pair alignment, and extends to much higher spin. In thisheutron alignment. In the CSM calculations shown in Fig. 5
nucleus, the configuration most likely responsible for awhich are made at a quadrupole deformationBef=0.15,
positive-parity intruder band at high spin is that involving athe ab neutron crossing occurs at about 0.7 MgVbut this
p-h excitation into therg, orbital, i.e., the configuration of value reduces to 0.65 Me®/at 3,=0.12. Since the vacuum
band 3. In the cranking picture, this should be favored oveproton configuration would result in two bands with no sig-
the mds, excitation because the configuration with a largernature splitting, the proton configurations of bands 4 and 5
expectation value foj, is lowered more in energy with in- most likely include the protop-h excitation into theg,,, or
creasing frequency due to thewj, term in the cranking dg, orbitals. Indeed the 12 of aligned spin of band 5 can

Hamiltonian. However, the proposed spins of band 2 give ihe accounted for by about ¥Dexpected from alignetl;,,
signature+1/2 which is consistent with the unfavored signa- neutrons and 2 to 3 from the low{) intruder orbitals.

ture of thegy,, orbital, or the favored signature of th,,
orbital, or a mixing of these two configurations. At lower 5. Smooth band termination calculations
spins, band 2 may indeed correspond mainly to the opposite
(unfavored signature of the configuration of band 3 as it
clearly lies at higher energy than band 3. At higher spins
however, it is difficult to explain why it continues to be

observed and band 3 does not. If band 2 were associated wi
the 7rds), orbital, it is unusual that it does not decay into
band 1 which is also believed to involve thals,, excitation,

Smooth band termination calculations have been per-
formed for **%n [33], but the conditions for the observation
of this phenomenon have not proved to be favorable and
omparisons with the present experimental results are not
rticularly meaningful. Because the existing calculations do
not include pairind 10] and yet pairing is expected to play a
and that the favored band based ondhg proton excitation fsilygglr::;:/abn;nrglsezlnatnrzjelblarr:]ciigittr %zucrgnz%gesdplrgzg (];r? ;ﬁgtci?]_

Is not glso obseryed at high spins. . . didates. Of these, only band 2 exhibits the characteristic de-
In Fig. 3, two increases in the aligned spin of band 2 A rease in7?) dynamic moment of inertia as the highest spins
observed, at 0.35 and 0.42 Mé&\/The first could be asso-

ciated with vh .., alignment, but the gain in aligned spin is are approached. Indeed, band 2 shows some similarities to

. -2 4 ) L )
considerably smaller than expected. The frequency of th(E:he calculation for therg,gy/>® vhi,, configuration; how

second ncrease i alinespincannot b repraduced by YT, ' SPETT NS STes concern e o
CSM to within 0.05 MeV#, using a wide range of param- 9 ’ ’ P

eters (3, values from 0.12 to 0.30 angl values from—30° theory difficult. Moreover, because of the large number of

to +30°). This may be related to the loss of intensity via anvalence neutrons, the terminating spins expected for the in-

unidentifiable path at thé33/2%) level, described earlier in truder configurations are near 4Q considerably beyond the

. ._highest spins observed in these experiments. The best agree-
Sec. lll. What appears to be the second alignment may ing ent between the smooth band termination calculations and
stead be a crossing with another band based on a sub.

stantially different configuration. If this were the case, theexperlmentf. has ger;e_ral!yINZeen obtained for the more
(33/2*) state could be the lowest observed state of the nevveutron-de icient nuclei withl< 60.
band, and its decay might be expected to fragment over _

many paths, only one of whiclthe lower 847-keV transition B. High-K bands

to the 29/2" state of band Ris identified. The configuration In contrast to the relatively straightforward interpretations

of such a band could involve an additional positive-parityof the decoupled bands iftlin, there are several higk-
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configurations on which strongly-coupled bands in thispared to 14 and 1% for bands 11 and 12 if'%Cd. Second,
nucleus might be based. The configurations expected to haike aligned spins are expected to be only slightly smaller in
the largest deformation involve thgp22h proton excitation  '*iin due to the loss of the small aligned spin contribution of
responsible for the well-deformed intruder bands in the Snthe high{) gg, hole filled by the odd proton, and this is also
Sb, and Te nuclei. A band based on suchp8R2 configura-  the case, as shown in Fig. 4. Finally, tACd bands are
tion in 4n should be even more deformed than tig2h  about 3 MeV higher in excitation energy, roughly what is
decoupled bands already discussed. Less deformedkhigh-expected for the energy required to break a pair and promote
bands might involve p-1h proton excitations, or ji2h pro-  a go,, proton to the next available substaie in, the
ton configurations, in which the largé value results from  7gg,; configuration is the proton vacuum state and obviously
either a two-quasineutron excitation or the coupling of therequires no excitation enerpyf the odd proton were instead
two ggy, proton holes to 8. Lastly, configurations involving excited into an orbital above the shell gap, these quantities
no p-h excitations may be observed in which only neutronwould be expected to compare very differently;iHin, the
excitations are responsible for inducing deformation. It isbandhead spins and aligned spin would be larger rather than
plausible that these configurations involve some deformasmaller than those if'%Cd (due to the large aligned spin of
tion, because the I2 configurations of neighboring even- the low{) orbitals above the gapand the excitation energy
mass Cd nuclei have been found to achieve moderate defofifference between theé'®Cd and **Yin bands would be
mation from neutron excitations alofia4,31. smaller due to the energy required for theh excitation of

In 4n, the highK strongly coupled bands 6, 8, and 10 the odd proton in the In case. _
appear somewhat rotational in character, but do not have the There are, however, some difficulties with the interpreta-
characteristics of well-deformed rotors. The level spacingdion ©Of these structures as conventional rotational bands
are often irregular, and only a fef2 crossover transitions ased on the proposed configurations. First, if the differences

are observed, suggesting relatively IB¢E2) strengths and between bands 6 and 8 rin and between bands 11 and 12

. 11 B .
consequently only modest deformations at best. In additior] °Cd are attributed to alignegh, neutrons, the standard

these bands exist over a limited range of angular momentur%zs'vI incorrec_tly predicts the crossin]gi]}Lrequency. The experi-
of only 5—8 #. These qualitative observations all but rule mental Routhians of bands 8 and 67hin and of bands 11

out the involvement of @-2h excitations in the configura- and 12 'nl.lOCd cross at frequenme_s 0f 0.43 a_nd 0.39 MeV/
tions of these bands, and render doubtful the possibility thai?' respectively, but the_ CSM predicts thé alignment o
even Jp-1h excitations are involved. occur above_ 0.60 M_eWm each case. Seco_nd, the deforma-
tions associated with the proposed configurations are ex-
pected to be quite small; thegys ground state int'4n is
spherical as is ther[gg3]s+ state in*%Cd (no bands are

High-K bands of this nature have some precedent in thiduilt on these stat¢sLastly, theB(M1;l—1—1)/B(E2;l
region, most notably in thé'%Cd core[14] in which two ~ —1—2) ratios of reduced transition probabilities in these
bands have very similar characteristics to bands 6 and 8 ihands tend to be very large. For most of the levels in these
Y5, Specifically, bands 6 and 8 appear to be closely relateiands,E2 crossover transitions are not observed, but mini-
to the bands labeled 12 and 11, respectively, in Rb4]. mum B(M1)/B(E2) ratios can be determined from reason-
Band 6 feeds into band 8 it*lin just as band 12 feeds into able estimates of the maximuBR intensity consistent with
band 11 in*1%Cd, and the aligned spins, compared in Fig. 4,the background at their expected energies. The
are also very similar, but about—12 # lower in *%in for =~ B(M1)/B(E2) ratios for most of the band members are at
both cases. least 506- 100 (uy/eb)?. Quantitative ratios can only be ex-

It is interesting that the differences between the propertietracted for the top three levels of band 8 due to the observa-
of the In and Cd bands just discussed can be simply extion of E2 crossovers from these levels, and they show an
plained as the effect of addinggm,, proton to the proposed unexpected rapid decrease at the top of the band, chang-
configurations of the related Cd bands. TH&Cd band 11 ing from 7Q11) to 34(3) to 202) (un/€b)? for the 29/2",
has been associated with the go/5]g+ ® vhi,, configura-  31/27, and(33/2") levels, respectively.
tion, and band 12 with the same configuration coupled to an
alignedg;, neutron paif 14]. Assuming these proposed con- . o .
figurations are correct, the lowest energy orbital available to 2. Magnetic rotation interpretation

the extra proton in**in is ge/,, which would only complete Some of the unusual features of these bands are shared by
a pair with one of the previous unpaireg;, protons(all 1 the so-called dipole bands in the Pb regi86], which have
orbits contain at least one protorresulting in thegg;  been recently interpreted with considerable success in terms
ground-state proton configuration coupled to the same newf a phenomenon called “magnetic rotatiofi36]. Magnetic

tron configurations. Although this configuration might be ex-rotation is expected to occur in nuclei in which the valence
pected to be less deformation-driving than the alternativeonfigurations involve higli-particles and holes of protons
wg7,2[g§,§]8+ configuration involving a b-1h proton exci- in one case and neutrons in the other. This is just the case
tation, it is more consistent in several respects. First, thevith In and Cd nuclei which have a proton h@ein the g,
bandhead spins ift!in are expected to be abouti3smaller  shell and neutron particles in thg,/, shell near the Fermi
than in 11%Cd due to the completion of the low&=7/2go,  surface. The qualitative features of the In and Cd bands just
proton pair, and this is indeed the case. Bands 8 and 6 idiscussed can be explained within the magnetic rotation
141 pegin at spins of 9.5 and 137, respectively, com- framework.

1. Bands 6 and 8
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At a spherical shape, the energetically preferred orientaaddition to the qualitative agreement just discussed, are
tion for the coupling of the spins of the valence proton holesstrong arguments to associate bands 8 and &'1m, and
and neutron particles is a perpendicular one because thikus also the related dipole bands'iCd, with the magnetic
maximizes the spatial overlap of the occupied orbitals resultrotation mechanism. Differences between the bands can be
ing in increased binding due to the attractive residual interexpected from different configurations of neutrons in the
action. However, in these particular nuclei with few proton positive-parityg,,, andds, orbitals.
holes and neutron particles, this orientation persists and is
indeed further lowered in energy at a nonzero quadrupole
deformation(ignoring for the moment the energy required to
deform the corg which breaks the spherical degeneracy of The dipole band 10 may also be related to a similar struc-
the various() substates leaving the holes in higherbitals  ture in *1%Cd, labeled band 2 in Ref14], which is associ-
and the particles in lov2 orbitals. This coupling results in a ated with thew[g§,§]8+® vhy1972(ds;) configuration. In
significant angle between the total angular momentum vectorontrast to bands 8 and 6, band 10 is not consistent with
and the symmetry axis of the core. Thus, the detailed modaloupling an additionadjg,, proton to the configuration of the
which accounts for magnetic rotation, the tilted axis crankingrelated*'°Cd band, because its excitation energy is about the
(TAC) model[37], is essentially a generalization of the stan-same as or perhaps higher than that of band 2%6d, and
dard CSM in which cranking around an axis which is notit also has a higher bandhead spin and larger aligned spins
necessarily perpendicular to the symmetry axis of thethe estimated spins and excitation energy of band 10 can be
nucleus is possible. considered a lower limit based on feeding argumems

Because the two perpendicular components of the totadiscussed earlier, completing a proton pair with one of the
spin are from different nucleons with very differegtfac-  unpairedgg,, protons in the!'%Cd configuration would result
tors, the orientation of the magnetic moment deviates subin lower excitation energy, bandhead spin, and aligned spins
stantially from the total angular momentum axis. When thecompared to the related Cd band. Therefore, band 10 may
mean field is cranked about this axis, the significant compoinvolve an additional aligned;, or h,;,, neutron pair to
nent of the magnetic moment perpendicular to it gives rise tgnake up the observed differences. In this case, band 10
largeM 1 transition probabilities. The spin itself is generatedwould most likely also require a shears-type mechanism to
by a gradual alignment of the proton and neutron spins alongenerate its angular momentum. Alternatively, the extra pro-
the direction of the total angular momentum. The resultington in *in might occupy an orbital above the shell gap to
“shears” bands, named for the resemblance of their underaccount for the extra excitation energy and aligned spins. In
lying structure to the closing of the blades of a pair of shearsthis case, a larger deformation would be expected and the
are not expected to extend across a large spin range becausgnd might involve collective rotation to a greater degree.
there is a limited amount of angular momentum which carThe lack of firm spins, parities, and excitation energy of the
be generated from the alignment of the proton and neutroband preclude a more detailed analysis of this band.
spins, although additional quasiparticle alignment may con-
tribute more spin. Since thB(E2) strength is small due to
the weak quadrupole deformation and 8 1) strength is V. CONCLUSIONS

large due to the TAC mechanism, tB€M1)/B(E2) ratios :
are usually so large in the lower-spin region of these bands A detailed level scheme for th&"in nucleus has been

that theE2 crossover transitions are not observed. Howeverc.or'StrUCtEd’ exhibiting interesting collective as well as novel

as the proton and neutron spins align, the component of th%lngle particle excitations. Unambiguous evidence of proton

total magnetic moment perpendicular to the total nucleaﬁ]'Thix;:(')t?rgngsd'z;gﬂB?egorbg]nedgrisrt“fg?ve":nZi:o?geméglez)l"s
spin decreases, and ti1 transition probabilities will de- nd he s orbitals above the =50 s hericgl shell /Za S/The
crease. Si'ncg_the quadrupole collectivity is not expected t&llm ﬁtljzcleus also appears to bepa tavorable cgaspé for the
chan_ge S|gr_1|f|can_tly_,B(M1)/B(E2) ratios will dec_r_ease observation of magnetic rotation which is manifest as high-
with increasing spin in the band, and stretcltransitions

. . o . spin Al=1 bands with no signature splitting and large
may begin to compete with thiel1 transitions. This effect ) X
can be seen at the top of band 8 in Fig. 2 and the decreasin%(M 1) strengths, but only a small associated deformation.

experimentalB(M1)/B(E2) ratios quoted earlier qualita-
tively support this mterprgtaﬂon. ' ACKNOWLEDGMENTS
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