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High-spin structures in 155Tb and signature splitting systematics of theph11/2 bands
in odd A'160 nuclei
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The reactions152Sm(7Li,4n) at 45 MeV and124Sn(36S,p4n) at 165 MeV were used to study high-spin states
of theN590 nucleus155Tb. Previously known bands have been greatly extended in spin (I'45\) and a new
decoupled sequence was identified. Several band crossings or quasiparticle alignments have been observed in
each of the structures, and as a result a configuration assignment has been given to the new band.
B(M1)/B(E2) transition strength ratios have been extracted from the data and comparisons were made with
theoretical predictions. A comprehensive analysis of the signature splitting in the energy levels and
B(M1)/B(E2) ratios for theph11/2 bands of theA'160 region has been performed. Possible interpretations
for the observed trends in the signature splitting of these structures are discussed.@S0556-2813~98!03211-7#

PACS number~s!: 21.10.Re, 23.20.Lv, 27.70.1q
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I. INTRODUCTION

The N590 isotone chain is one of the most well studi
groups of nuclei in the rare-earth region. Much of the inter
lies in the fact that these nuclei dwell within a highly tran
tional area of deformation space. While theN<88 nuclei are
weakly deformed as a result of theN582 shell gap, theN
>92 isotopes behave as well-deformed quantum rotors@1#.
The intermediate deformations of theN590 isotones permit
these nuclei to be especially susceptible to shape driv
forces by various competing processes. The manifestatio
these forces has been observed at high-spin~band termina-
tion! and low-spin~signature splitting!. In this work, we will
report on new high-spin results for155Tb (Z565), where
angular momentum states have been populated in the s
spin region (I .40\) as band terminating states in near
nuclei. The observation of theph11/2 band well beyond the
first i 13/2 neutron crossing provides significant informatio
pertaining to the signature splitting phenomenon in ba
based on orbitals from this shell throughout theA'160 re-
gion. Indeed, combining our recent observations of
ph11/2 bands in153Tb @2#, 155Tb, 157Tb @3#, and 155Eu @3#
with previously published data from many odd-Z, odd-A nu-
clei has allowed a comprehensive study of the experime
signature splitting systematics of theph11/2 bands in theA
'160 region.

*Present address: Department of Physics and Astronomy, Un
sity of Tennessee, Knoxville, Tennessee 37996.
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II. EXPERIMENTAL DETAILS AND RESULTS

Two complementary experiments have produced hi
spin data on155Tb. One was performed at the Florida Sta
University tandem-linac facility where the Florida State Un
versity array@4# was employed to collect the coincidentg
rays. Three Compton-suppressed detectors were place
90 ° ~with respect to the beam direction! and two other sup-
pressed detectors were located at 145 °. The reac
152Sm(7Li,4n) was chosen with a beam energy of 45 Me
The single foil target had a thickness of;5 mg/cm2, which
was thick enough to stop the recoiling nuclei. Over
3107g-g events were recorded when two or more su
pressed Ge detectors were in prompt coincidenc
(<100 ns). Theg ray energies were calibrated using
152Eu source while the detector efficiencies were determi
using both the singles data from the152Eu source and coin-
cident data from the experimentally produced even-e
nucleus 154Gd @5#. The data were sorted into anEg3Eg
matrix which was inspected by the programESCL8R@6#. The
primary focus of this experiment was to produce clean d
for identifying the multipolarity of transitions using the d
rectional correlation from oriented states~DCO! method as
well as determining the correct ordering of the transitio
through the firsti 13/2 neutron band crossing.

An experiment using the36S1124Sn reaction was per
formed with the sulfur beam provided by the 88-Inch Cyc
tron facility at the Lawrence Berkeley National Laborator
The Gammasphere@7–9# spectrometer collected the coinc
dence events and was operated with 93 suppressed
r-
2720 ©1998 The American Physical Society
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FIG. 1. The level scheme of155Tb derived from the present work. Tentative transitions or levels are denoted with broken line
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detectors. Two thin stacked targets (;0.35 mg/cm2) were
used and a beam energy of 165 MeV was chosen for
experiment. The 4n(156Dy @10#!, 5n(155Dy @11#!, and
6n(154Dy @12#! neutron evaporation channels dominated
reaction cross section; however, a small percentage (;1 –2
% of the total cross section! from the p4n reaction channe
leading to 155Tb was observed. Due to the weakness of t
p4n channel, clean coincidence spectra were limited a
is

e

s
d

thus the necessity for the7Li experiment to correctly identify
the g ray placement and ordering at low spins. Calibratio
and efficiencies were determined with152Eu and 182Ta
sources. The coincident data were sorted into aEg3Eg
3Eg cube which was inspected by the programLEVIT8R @6#.

The results from the two experiments are presented
both the level scheme of Fig. 1 and in Table I. Determinat
of spins and parities for new states was based upon prev
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TABLE I. Results for 155Tb.

Ex (keV) a Eg (keV) b I g
rel c I g

rel d DCO ratiose I i
p f I f

p f

@411#3/2, a51
1
2

65.4 65.4g 5
2

1 3
2

1

274.2 208.8 24~1! 11~3! 1.03~6! 9
2

1 5
2

1

118.3 69~4! 33~4! 0.90~5! 9
2

1 7
2

1

576.0 301.8 64~3! 32~4! 1.00~5! 13
2

1 9
2

1

167.4 48~2! 21~2! 0.78~3! 13
2

1 11
2

1

958.9 382.9 61~3! 32~3! 1.02~3! 17
2

1 13
2

1

211.4 26~1! 14~2! 0.76~4! 17
2

1 15
2

1

1411.5 452.6 48~2! 35~5! 0.99~3! 21
2

1 17
2

1

249.8 14.5~6! 10~2! 0.70~3! 21
2

1 19
2

1

1923.6 512.1 33~2! 34~6! 0.95~3! 25
2

1 21
2

1

282.8 7.2~3! 11~2! 0.69~3! h 25
2

1 23
2

1

2485.3 561.7 22~1! 32~6! 1.01~4! 29
2

1 25
2

1

309.4 4.5~2! 7~2! 0.61~4! 29
2

1 27
2

1

3084.1 598.8 12.7~6! 28~8! 0.92~4! 33
2

1 29
2

1

328.0 2.1~1! ,5 0.56~7! 33
2

1 31
2

1

3681.0 596.9 8.4~4! 24~8! 0.92~4! 37
2

1 33
2

1

314.0 1.4~1! ,5 37
2

1 35
2

1

4259.4 578.4 2.7~1! 21~5! 1.2~1! 41
2

1 37
2

1

4895.2 635.8 ,1 20~5! ( 45
2

1)
41
2

1

5597 702i 18~4! ( 49
2

1) ( 45
2

1)
6364 767i 16~4! ( 53

2
1) ( 49

2
1)

7190 826i 15~4! ( 57
2

1) ( 53
2

1)
8053 863i 7~3! ( 61

2
1) ( 57

2
1)

8956 903i ,5 ( 65
2

1) ( 61
2

1)

@411#3/2, a52
1
2

155.8 155.8 ;15 7
2

1 3
2

1

90.3g 7
2

1 5
2

1

408.6 252.8 38~3! 27~5! 0.98~3! 11
2

1 7
2

1

134.5 60~3! 24~3! 0.85~5! 11
2

1 9
2

1

747.4 338.8 69~3! 34~3! 1.04~2! 15
2

1 11
2

1

171.4 32~1! 14~2! 0.73~2! 15
2

1 13
2

1

1161.4 414.0 62~3! 36~8! 1.04~2! 19
2

1 15
2

1

202.6 17.6~8! 11~2! 0.68~4! 19
2

1 17
2

1

1640.7 479.3 51~2! 35~7! 1.00~2! 23
2

1 19
2

1

229.1 9.9~5! 7~2! 0.70~3! 23
2

1 21
2

1

2175.7 535.0 34~2! 34~5! 0.96~3! 27
2

1 23
2

1

252.2 5.7~3! ,5 27
2

1 25
2

1

2756.1 580.4 18.5~8! 28~6! 0.98~5! 31
2

1 27
2

1

270.7 2.3~1! ,5 0.53~5! 31
2

1 29
2

1

3367.2 611.1 10.4~4! 26~5! 1.02~6! 35
2

1 31
2

1

283.1 1.3~1! ,5 0.53~4! h 35
2

1 33
2

1

3966.7 599.5 4.5~2! 24~6! 0.90~7! 39
2

1 35
2

1

4572.1 605.4 2.8~1! 21~4! 0.9~1! 43
2

1 39
2

1

5238.7 666.6 ,1 19~4! ( 47
2

1)
43
2

1

5970 731i 17~4! ( 51
2

1) ( 47
2

1)
6765 795i 16~4! ( 55

2
1) ( 51

2
1)

7618 853i 8~3! ( 59
2

1) ( 55
2

1)
8520 902i ,5 ( 63

2
1) ( 59

2
1)

9467 947i ,5 ( 67
2

1) ( 63
2

1)
10453 986i ,5 ( 71

2
1) ( 67

2
1)
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TABLE I. ~Continued!.

Ex (keV) a Eg (keV) b I g
rel c I g

rel d DCO ratiose I i
p f I f

p f

~11482! ~1029i! ,5 ( 75
2

1) ( 71
2

1)

@532#5/2, a51
1
2

227.0 227.0 ;65 0.69~2! 5
2

2 3
2

1

317.0 66.9g 9
2

2 7
2

2

161.3 ;20 9
2

2 7
2

1

555.2 238.2 35~2! 21~2! 1.06~4! 13
2

2 9
2

2

157.9 81~4! 45~5! 0.85~3! 13
2

2 11
2

2

916.9 361.7 48~2! 40~6! 0.99~4! 17
2

2 13
2

2

243.8 54~2! 47~4! 0.81~2! h 17
2

2 15
2

2

1376.3 459.4 44~2! 38~4! 1.02~4! 21
2

2 17
2

2

320.0 29~1! 27~3! 0.78~4! 21
2

2 19
2

2

1911.4 535.1 32~1! 33~3! 1.02~4! 25
2

2 21
2

2

383.1 22~1! 19~2! 0.88~5! h 25
2

2 23
2

2

2498.8 587.4 16.8~8! 34~6! 0.9~1! 29
2

2 25
2

2

427.6 9.5~5! 18~3! 0.74~4! 29
2

2 27
2

2

3069.6 570.8 10.8~5! 32~3! 1.04~7! 33
2

2 29
2

2

407.1 8.7~4! 27~4! 0.75~3! 33
2

2 31
2

2

3533.3 463.7 7.5~4! 30~6! 0.99~9! 37
2

2 33
2

2

286.5 6.9~3! 31~3! 0.59~2! 37
2

2 35
2

2

4056.6 523.3 4.6~2! 36~5! 1.0~1! 41
2

2 37
2

2

279.1 2.4~1! 21~2! 0.63~4! 41
2

2 39
2

2

4669.5 612.9 3.2~1! 37~6! 0.9~2! 45
2

2 41
2

2

320.0 1.0~1! 11~2! 45
2

2 43
2

2

5368.0 698.5 ,1 37~8! ( 49
2

2)
45
2

2

373i 8~2! ( 49
2

2) ( 47
2

2)
6146 778i 33~4! ( 53

2
2) ( 49

2
2)

434i ,5 ( 53
2

2) ( 51
2

2)
6997 851i 24~4! ( 57

2
2) ( 53

2
2)

500i ,5 ( 57
2

2) ( 55
2

2)
7913 916i 17~3! ( 61

2
2) ( 57

2
2)

8886 973i 7~2! ( 65
2

2) ( 61
2

2)
9909 1023i ,5 ( 69

2
2) ( 65

2
2)

10978 1069i ,5 ( 73
2

2) ( 69
2

2)
12088 1110i ,5 ( 77

2
2) ( 73

2
2)

~13222! ~1134i! ,5 ( 81
2

2) ( 77
2

2)

@532#5/2, a52
1
2

250.0 184.6 ;165 0.64~1! 7
2

2 5
2

1

397.4 147.4 ;10 11
2

2 7
2

2

80.4g 11
2

2 9
2

2

123.3 ;1 11
2

2 9
2

1

673.0 275.6 71~3! 53~5! 1.02~3! 15
2

2 11
2

2

118.0 47~2! 32~4! 0.85~5! 15
2

2 13
2

2

1056.3 383.3 116~5! 88~6! 1.01~3! 19
2

2 15
2

2

139.4 25~1! 22~3! 0.70~4! 19
2

2 17
2

2

1528.2 471.9 100 100 1.02~2! 23
2

2 19
2

2

151.9 9.6~5! 12~2! 0.73~4! 23
2

2 21
2

2

2071.0 542.8 74~3! 105~8! 1.02~2! 27
2

2 23
2

2

159.7 4.8~3! 7~1! 0.53~5! h 27
2

2 25
2

2

2662.3 591.3 43~2! 108~9! 1.03~3! 31
2

2 27
2

2

163.3 2.4~2! 6~1! 0.62~8! 31
2

2 29
2

2
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TABLE I. ~Continued!.

Ex (keV) a Eg (keV) b I g
rel c I g

rel d DCO ratiose I i
p f I f

p f

3246.6 584.3 19.3~9! 70~7! 1.02~3! 35
2

2 31
2

2

177.2 1.5~1! 7~1! 0.62~8! 35
2

2 33
2

2

3777.5 530.9 7.2~4! 41~4! 1.04~5! 39
2

2 35
2

2

244.0 2.4~2! 18~2! 0.75~2! h 39
2

2 37
2

2

4349.8 572.3 3.6~2! 32~4! 1.07~5! 43
2

2 39
2

2

293.2 1.4~1! 17~2! 0.7~1! 43
2

2 41
2

2

4995.2 645.4 ,1 32~4! ( 47
2

2)
43
2

2

~325.4! ,1 17~2! ( 47
2

2)
45
2

2

5713 718i 31~5! ( 51
2

2) ( 47
2

2)
345i 14~3! ( 51

2
2) ( 49

2
2)

6498 785i 31~4! ( 55
2

2) ( 51
2

2)
351i 8~3! ( 55

2
2) ( 53

2
2)

7341 843i 27~4! ( 59
2

2) ( 55
2

2)
343i 5~2! ( 59

2
2) ( 57

2
2)

8234 893i 21~3! ( 63
2

2) ( 59
2

2)
9167 933i 10~3! ( 67

2
2) ( 63

2
2)

10133 966i 8~2! ( 71
2

2) ( 67
2

2)
11131 998i 7~1! ( 75

2
2) ( 71

2
2)

12174 1043i ,5 ( 79
2

2) ( 75
2

2)
13284 1110i ,5 ( 83

2
2) ( 79

2
2)

14469 1185i ,5 ( 87
2

2) ( 83
2

2)
15734 1265i ,5 ( 91

2
2) ( 87

2
2)

~17070! ~1336i! ,5 ( 95
2

2) ( 91
2

2)

@413#5/2, a51
1
2

452.6 296.7 1.7~1! 0.46~6! 9
2

1 7
2

1

202.6 2.7~2! 0.56~6! 9
2

1 7
2

2

767.2 314.6 3.4~2! 1.02~7! 13
2

1 9
2

1

358.5 2.1~1! 0.51~5! 13
2

1 11
2

1

369.7 2.2~1! 0.64~6! 13
2

1 11
2

2

1170.6 403.4 8.0~4! 0.88~8! 17
2

1 13
2

1

422.3 2.1~1! 17
2

1 15
2

1

497.4 2.9~2! 17
2

1 15
2

2

1645.7 475.1 10.2~5! 1.07~9! 21
2

1 17
2

1

484.1 2.1~1! 21
2

1 19
2

1

589.2 2.1~2! 21
2

1 19
2

2

2178.1 532.4 10.8~6! 0.85~6! 25
2

1 21
2

1

534.2 2.4~3! 25
2

1 23
2

1

2749.5 571.4 6.1~3! 1.05~9! 29
2

1 25
2

1

3359.2 609.7 2.0~1! ( 33
2

1)
29
2

1

@413#5/2, a52
1
2

335.0 269.4 3.0~2! 7
2

1 5
2

1

595.9 260.9 2.3~1! 1.1~1! 11
2

1 7
2

1

321.6 3.0~2! 0.59~7! 11
2

1 9
2

1

278.7 3.6~3! 0.46~5! 11
2

1 9
2

2

955.4 359.5 9.7~5! 1.02~6! 15
2

1 11
2

1

379.4 3.2~3! 0.39~5! 15
2

1 13
2

1

400.1 4.0~2! 0.49~5! 15
2

1 13
2

2

1394.1 438.7 12.0~6! 0.91~7! 19
2

1 15
2

1

435.3 1.8~1! 19
2

1 17
2

1

477.2 3.8~3! 19
2

1 17
2

2
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TABLE I. ~Continued!.

Ex (keV) a Eg (keV) b I g
rel c I g

rel d DCO ratiose I i
p f I f

p f

1897.4 503.3 11.8~6! 1.08~7! 23
2

1 19
2

1

485.9 1.6~1! 23
2

1 21
2

1

520.9 2.2~1! 23
2

1 21
2

2

2452.8 555.4 9.8~5! 1.02~6! 27
2

1 23
2

1

3058.4 605.6 4.8~3! 0.96~8! 31
2

1 27
2

1

Band 1,a52
1
2

2745.2 833.8 6.0~3! 9~3! 0.58~6! 27
2

(1) 25
2

2

~674.0! ,1 27
2

(1) 27
2

2

3104.5 359.3 3.9~2! 8~3! 1.2~2! 31
2

(1) 27
2

(1)

3571.7 467.2 2.8~2! 8~3! 1.1~2! 35
2

(1) 31
2

(1)

4130.1 558.4 1.0~1! 7~2! ( 39
2

1)
35
2

(1)

4762.1 632.0 ,1 7~2! ( 43
2

1) ( 39
2

1)

5453 691i 6~2! ( 47
2

1) ( 43
2

1)

6190 737i 6~2! ( 51
2

1) ( 47
2

1)

6970 780i 5~1! ( 55
2

1) ( 51
2

1)

7793 823i ,5 ( 59
2

1) ( 55
2

1)

8662 869i ,5 ( 63
2

1) ( 59
2

1)

9569 907i ,5 ( 67
2

1) ( 63
2

1)

10503 934i ,5 ( 71
2

1) ( 67
2

1)

11481 978i ,5 ( 75
2

1) ( 71
2

1)

~12513! ~1032i! ,5 ( 79
2

1) ( 75
2

1)

aLevel energies; band-head excitation energies have been taken from previous work@13,14# except for band 1.
bEnergies determined from the152Sm(7Li,4n) reaction unless otherwise noted. Accurate to 0.2 keV for most transitions. For we
contaminated transitions, accurate to 0.5 keV.
cRelativeg-ray intensities@ I g(471.9)[100# measured from the152Sm(7Li,4n) reaction.
dRelativeg-ray intensities@ I g(471.9)[100# measured from the124Sn(36S,p4n) reaction.
eDCO ratios were determined by using a sum of one or more stretchedE2 transitions as gates. DCO ratios were measured using
152Sm(7Li,4n) reaction.
fSpin and parity assignments are based on the previous work@13,14# and on the DCO ratio determining the multipolarity of any ne
transition.
gTransition observed previously, but not in the present experimental work.
hDCO value has been contaminated by an unresolvable doublet of different multipolarity or mixing ratio.
iEnergy determined from the124Sn(36S,p4n) reaction. Accurate to 1 keV.
in

ha
e
b

tab-

as

-
ob-

fied
s,

in

of
work @13,14# and DCO measurements from the7Li experi-
ment. The DCO ratios were calculated by the expression

RDCO5
I g1

~at 145 °; in coincidence withg2 at 90 °!

I g1
~at 90 °; in coincidence withg2 at 145 °!

,

whereg2 is normally a stretchedE2(DI 52) transition. For
averaging purposes and greater statistics, a summed co
dence spectrum from several successiveE2 transitions was
used whenever possible. Spin and parity assignments
been put in parentheses in Fig. 1 if reliable DCO values w
not attainable. Tentative transitions or levels are denoted
dashed lines in the level scheme.

Previous high-spin studies of155Tb @13,14# established
rotational bands based on the@411#3/2, @532#5/2, and
@413#5/2 proton states up toI p5 23

2
1, 23

2
2, and 13

2
1, respec-

tively. We used a similar124Sn(36S,p4n) reaction with
ci-

ve
re
y

Gammasphere in its early implementation phase and es

lished the@532#5/2 band up to spin (67
2

2) in Ref. @15#. The
combination of our experiments presented in this work h
extended the@411#3/2, @532#5/2, and@413#5/2 bands to spin

( 75
2

1),( 95
2

2), and (33
2

1), respectively. We have also discov
ered a new decoupled band, labeled band 1 in Fig. 1,

served to spin (79
2

1). Including our earlier work@15#, over
115 new transitions and 80 new levels have been identi
in 155Tb. For further discussion about the individual band
the excitation energy of the levels~minus a rigid rotor! and
the relativeg ray intensities have been plotted versus spin
Figs. 2~a! and 2~b!, respectively. In Fig. 2~b!, the intensities
from both the7Li ~solid lines with symbols! and 36S ~dashed
lines without symbols! experiments have been plotted.

Although the@411#3/2 band is the ground-state band
155Tb, it only remains yrast up toI 5 9

2 @Fig. 2~a!# where the
a52 1

2 signature of the@532#5/2 band becomes yrast. A
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coincidence spectrum for this band is given in Fig. 3~a!
where lower spin (I , 43

2 ) transitions are shown from the7Li
experiment and the higher spin (I . 43

2 ) transitions from the
36S experiment are displayed in the high-energy ins

While the a52 1
2 signature was extended toI 5( 75

2 ), the

a51 1
2 signature could only be observed up toI 5( 65

2 ), see
Fig. 1. This was due to a lack of clean coincidence gates n
the top of thea51 1

2 signature. An 872 keV transition
@marked with a star in the insert of Fig. 3~a!# also showed
evidence that it was in coincidence with thea51 1

2 signa-
ture; however, it could not be firmly placed in the lev
scheme.

Figure 3~b! displays a coincidence spectrum for th
@532#5/2 band in a similar manner as Fig. 3~a!. As stated
previously, thea52 1

2 signature quickly becomes yrast an
as can be seen in Fig. 2~a!, remains yrast throughout th
observed spin region. Figure 2~a! also indicates that thea
52 1

2 signature~open circles! is favored over thea51 1
2

signature~solid circles! in the spin regionI , 39
2 . This ex-

plains the staggering seen in the intensity profile of Fig. 2~b!
for the @532#5/2 band as the favored states will be mo
intensely populated by the nucleus. However, from39

2 ,I

FIG. 2. ~a! Excitation energy of the angular momentum sta
~minus a rigid rotor! versus spin for the four observed bands
155Tb. ~b! Relativeg-ray intensities of the bands versus spin. T
solid lines with symbols denote values from the7Li experiment,
whereas the dashed lines without symbols are from the36S experi-
ment.
t.

ar

,(51
2 ), both signatures are equally favored@Fig. 2~a!#; thus

the intensity profile becomes dramatically smoother. The

tensity staggering reappears atI .( 51
2 ) in Fig. 2~b! as thea

52 1
2 signature becomes strongly favored again. Thea

51 1
2 signature could only be extended toI 5( 81

2 ) since it is
located at much higher excitation energy than thea52 1

2

signature at high-spin.
The @413#5/2 band was the only structure observed in t

7Li experiment exclusively. A coincidence spectrum for th
band has been provided in Fig. 4~a!. Although the intraband
DI 51 transitions were not observed, one can see by b
Figs. 2~a! and 2~b! that the two rotational structures act a
signature partners. TheB(M1)/B(E2) ratios of the@413#5/2
band in 157Tb @3# were very low (,0.1 mN /eb), thus the
DI 51 transitions were expected to be weak. One may no
from Fig. 1 that the@413#5/2 band feeds both the@411#3/2
band, which will be discussed later, and the@532#5/2 band.
The decay into the latter, opposite-parity band is also
served in 157Tb. As described in Refs.@3,16–18#, the en-
hancedE1 transitions are likely a result of large contribu
tions to theM(E1) matrix element from the even-even cor

The decoupled rotational sequence labeled band 1 in
1 was initially observed in the7Li experiment up to spin

( 43
2 ). The coincidence spectrum given in Fig. 4~b! shows

how band 1 was extended to spin (79
2 ) in the 36S experiment.

The band primarily feeds theI 5 25
2 state in the@532#5/2 band

through the 833.8 keV transition~see Fig. 1!. DCO analysis
on this g ray revealed a ratio ofRDCO50.58(6), thus con-
firming it as aDI 51 transition. With the lowest observe
state at 2745.2 keV and spinI 5 27

2 , band 1 appears to be
candidate for a three-quasiparticle band which likely
volves anh11/2 proton since it decays into the@532#5/2 band.
Band 1 strongly resembles a decoupled structure found
153Tb @2#, which was assigned positive-parity; therefore, w
have also tentatively assigned the same parity to band 1

III. ALIGNMENTS AND BAND CROSSINGS

The rotational alignments of the bands in155Tb are pre-
sented in Figs. 5~a! and 5~b!. For clarity, the bands based o
positive-parity orbitals and those with ah11/2 proton in their
initial configuration have been separated into panels~a! and
~b!, respectively. The Harris parametrization@19# was em-
ployed with J0532\2/MeV and J1534\4/MeV3. These
commonly used parameters were chosen such that the co
reference is subtracted in the three-quasiparticle reg
~above thei 13/2 neutron crossing!. In order to simplify the
following discussion, the quasiparticle orbitals have been
beled in the usual alphabetic manner@20–22#. The
quasineutron orbitals are labeled with respect to parity
signature (p,a)n as

A5S 1,1
1

2D
1

, C5S 1,1
1

2D
2

, E5S 2,1
1

2D
2

,

B5S 1,2
1

2D
1

, D5S 1,2
1

2D
2

, F5S 2,2
1

2D
1

.

s
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FIG. 3. ~a! Spectrum of the@411#3/2 band from transitions in coincidence with the 252.8 and 301.8 keVg rays in the7Li experiment.
The high-energy inset is the result of summing many coincidence spectra from the36S experiment.~b! Spectrum of the@532#5/2 band from
transitions in coincidence with the 459.4 and 471.9 keVg rays in the 7Li experiment. Once again the high-energy inset is a resul
summing many coincidence spectra from the36S experiment. An open circle denotes that the transition is at least a doublet and, the
an exact energy is not labeled.
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The subscriptn numbers the quasiparticles’ excitations of
specific signature and parity starting with the lowest in e
ergy. The quasiproton orbitals are labeled as

Ap5S 2,2
1

2D
1

, Bp5S 2,1
1

2D
1

,

Cp5S 2,2
1

2D
2

, Dp5S 2,1
1

2D
2

,

Ep5S 1,1
1

2D
1

, Fp5S 1,2
1

2D
1

.

The A, B, C, and D orbitals are associated with thei 13/2
shell, while E, F are a mixture of orbitals from theh9/2 and
f 7/2 shells. The Ap , Bp , Cp , and Dp orbitals are associate
with theh11/2 shell and the Ep , Fp orbitals are from thed5/2
shell. Cranked shell model calculations were performed
help identify the nature of observed crossings. Howev
since many similar quasiparticle diagrams relevant for d
cussing band crossings in155Tb and neighboring nuclei hav
been published, for example see Refs.@5,22–24#, these dia-
grams are not repeated here.
-

o
r,
-

The alignment plot for the@411#3/2 band in Fig. 5~a! in-
dicates that two crossings are observed. The AB cross
occurs at a rotational frequency of\vc'0.30 MeV and is
associated with a pair of low-K i 13/2 neutrons aligning their
spin with the rotation axis. An alignment gain ofD i 59.8\ is
observed, which is a typical amount for this crossing@22#.
One may note the difference in the AB crossing for t
@411#3/2 and@532#5/2 @Fig. 5~b!# bands. While a slight back
bend is seen in the@532#5/2 band, only an upbend is ob
served in the@411#3/2 band. This indicates a larger intera
tion strength in the@411#3/2 band, which may suggest tha
this band has slightly higher deformation@22# than the
@532#5/2 band which is similar to that observed in157Tb @3#.
The alignment gain in the second crossing (D i>5\) is sig-
nificantly more gradual than the AB crossing. For this re
son, it is difficult to accurately identify the crossing fre
quency; however, it appears to be approximately 0.44 M
The lowest proton crossing ApBp has been identified in

67
157Ho @25#, 69

159Tm @26#, 71
161Lu @27#, 71

163Lu @28#, and neigh-
boring even-even nuclei~see Ref. @23#, and references
therein! with crossing frequencies and alignment gains sim
lar to those observed in155Tb. The gradual gain in alignmen
may be associated with a strong interaction between the t
and five-quasiparticle bands@22# and is very similar to the
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FIG. 4. ~a! Spectrum of the@413#5/2 band from transitions in coincidence with the 260.9, 400.1, and 403.4 keVg rays in the 7Li
experiment.~b! Spectrum of band 1 resulting from a sum of many coincidence spectra in the36S experiment. The high-energy inset is th
continuation of band 1 from the same spectrum. The crosses in panels~a! and~b! denote transitions from the@532#5/2 band while an open
circle once again denotes the transition is at least a doublet such that an exact energy is not labeled. Peaks marked with an a
contaminent transitions.
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ApBp crossing in157Ho. The band crossing frequencies a
alignment gains observed in the155Tb bands have been sum
marized in Table II.

One may notice that thea51 1
2 signature~solid squares!

of the @411#3/2 band begins to differentiate itself from th
a52 1

2 signature at\v.0.4 MeV, see Fig. 5~a!. An unob-
served band could be perturbing the states in thea51 1

2

signature to cause this variance. The 872 keV transition m
tioned in Sec. II may well be a link to this structure.

The alignment of the@413#5/2 band@Fig. 5~a!# resembles
the @411#3/2 band over a frequency range of\v'0.05 to
0.25 MeV. The same scenario is observed between these
bands in157Tb @3# where we attributed this occurrence to t
fact that the bands are pseudospin partners. In the pseud
scheme both bands have identical Nilsson values@Ñ,ñz ,L̃#

but differ in Ṽ (Ṽ5L̃6 1
2 ) @29#. Thus, it is not surprising to

observe the similar alignment profile at low frequency (\v
,0.25 MeV) between these bands, which come from
same pseudospin orbital. This is also the likely cause of
strong coupling between the bands as seen in Fig. 1. Un
tunately, the@413#5/2 band in155Tb could not be extende
past the AB crossing to observe if this trend continues
the three-quasiparticle region.

The alignment of the@532#5/2 band is displayed in Fig
n-

wo

pin

e
e
r-

o

5~b!. Both signatures experience a slight backbend in the
crossing at\vc50.280 and 0.269 MeV for thea51 1

2 and
a52 1

2 signatures, respectively. An alignment gain ofD i
59.3\ was also observed in each signature. Another cro
ing occurs at\vc'0.47 MeV with an alignment gain o
D i 55.8\ in the a52 1

2 signature. Since thea51 1
2 passes

through this crossing region, we associate the crossing w
the alignment of the Bp and Cp protons. This assignment i
consistent with the BpCp crossings observed in157Ho @25#
and 159Tm @26#, where the corresponding crossing freque
cies are 0.48 and 0.46 MeV, respectively. An interesting f
ture of thea52 1

2 signature in155Tb is that, unlike in157Ho
and possibly159Tm, there are no signs of band terminatio

effects up to the observedI 5( 95
2 ) state. A similar difference

is observed between156Dy and 158Er where effects of band
termination are seen at higher spin in the former nucl
@10#. SinceN590 nuclei nearestZ564 are found to be bet
ter quantum rotors at low spin@1#, it is conceivable that the
lack of band termination states in155Tb suggests that this is
still true at high-spin as theZ565 nucleus appears to b
more resilient to oblate driving structures.

Thea51 1
2 signature of the@532#5/2 band begins to gain

alignment at very high rotational energy,\v'0.57 MeV,
see Fig. 5~b!. Thea52 1

2 signature does not experience a
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FIG. 5. The rotational alignment of bands observed in155Tb.
The Harris parametersJ0532\2/MeV andJ1534\4/MeV3 were
used. Bands based on positive-parity orbitals are displayed in p
~a!, while bands with ah11/2 proton in their initial configuration are
shown in panel~b!. The solid ~open! symbols represent thea
51

1
2 (a52

1
2 ) signature.
ex-
kind of crossing in this frequency region, which implies th
this is most likely the ApDp crossing. This crossing has onl
been observed in theN590 isotone 161Lu @27# at \vc

50.50 MeV ~although the onset of the ApDp crossing was
indicated in157Ho @25#!. The clear observation of this cross
ing in 155Tb provides further evidence that proton-pair co
relations are still quite significant at very high rotational fr
quencies (\v>0.5 MeV) and spins (I>35\) @24#.

The large initial alignment of band 1@Fig. 5~b!# indicates
that this band is associated with a three-quasiparticle st
ture at low frequencies (\v,0.3 MeV). The band passe
through the AB crossing region and appears to gain;9\
from one crossing, which is highly unusual except for t
AB alignment. Upon further review of Fig. 5~b!, one may
note the slight change in curvature in the alignment at\v
'0.42 MeV. This kink has been interpreted as being
end of one crossing and the beginning of another. The
crossing occurs at\vc'0.38 MeV with a gain ofD i'5\
and is associated with the alignment of the B and C neutro
This is consistent with bands found in157Ho and neighboring
even-even nuclei~see Ref.@5# and references therein! where
the BC crossings are observed at\vc'0.37 MeV with
gains ofD i'5\ in alignment. The second crossing is in th
same frequency region (\vc'0.47 MeV) as the BpCp
crossing seen in thea52 1

2 signature of the@532#5/2 band.
Thus, we attribute the other;4\ gain in alignment to this
BpCp crossing. Two nearby crossings with a totalD i'10\
are also observed in the (p,a)5(2,0) signature of the
ph11/2^ n i 13/2 (AA p) band in156Tb @30#, which further vali-
dates our crossing assignments in band 1.

The existence of the BC crossing in band 1 along with
blocking of the AB crossing strongly suggests that the
neutron is involved initially. In a similar manner, the pre
ence of the BpCp crossing and the lack of the gradual gain
alignment of the ApBp crossing indicates that the Ap proton
is a part of the configuration also. Therefore, only the nat
of the other quasineutron is left to determine. We have
perimentally determined that band 1 has the signaturea5
2 1

2 ; therefore, the third quasiparticle hasa52 1
2 .1 As stated

el
TABLE II. Summary of band crossing frequencies and alignment gains in155Tb.

Band (p,a), a initial configuration Band crossing \vc (MeV) D i b (\)

@411#3/2(1,6 1
2 ), Ep ,Fp AB 0.30~1! 9.8

@411#3/2(1,6 1
2 ), Ep ,Fp ApBp 0.44~2! >5

@532#5/2(2,2 1
2 ), Ap AB 0.280~3! 9.3

@532#5/2(2,2 1
2 ), Ap BpCp 0.47~1! 5.8

@532#5/2(2,1 1
2 ), Bp AB 0.269~3! 9.3

@532#5/2(2,1 1
2 ), Bp ApDp 0.57~2! .4.5

Band 1 (1,2 1
2 ), Ap^ AF BC 0.38~1! ;5

Band 1 (1,2 1
2 ), Ap^ AF BpCp 0.47~1! >4

ap anda denote parity and signature, respectively.
bUncertainties in the alignment gains are<61\.

1The signature of a multiquasiparticle band is equal to the sum of the individual quasiparticles involved in its configuration.
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previously, positive parity has been tentatively given to ba
1 due to its similarity with a positive-parity band observed
153Tb @2#. Thus, the second quasineutron likely origina
from a negative-parity neutron orbital near the Fermi surfa
Band 1 has, therefore, been assigned as the Ap^ AF configu-
ration, which is consistent with the;7\ difference in align-
ment between this band and the@532#5/2 band at low rota-
tional frequency (\v,0.3 MeV).

IV. B„M1…/B„E2… TRANSITION STRENGTH RATIOS

ExperimentalB(M1)/B(E2) ratios were extracted from
both experiments using the standard equation

B~M1:I→I 21!

B~E2:I→I 22!
50.693

Eg
5~ I→I 22!

Eg
3~ I→I 21!

3
1

l~11d2!
S mN

eb D 2

,

~1!

where l is the branching ratio@l5I g(I→I 22)/I g(I→I
21)#, Eg is the energy of theg ray measured in MeV, and
d is the mixing ratio of theI→I 21 transition. The mixing
ratios were determined using branching ratios and assum
pure K with the rotational model@31#. This approach pro-
duced values for the@532#5/2 band similar to those measure
in the ph11/2 band of 157Ho @25#, and also gave very sma
ratios for the@411#3/2 band (d<0.15). The experimenta
B(M1)/B(E2) ratios are plotted in Fig. 6 along with th
theoretical predictions.

FIG. 6. The experimental~symbols! and theoretical~lines!
B(M1)/B(E2) ratios for the@411#3/2 ~inset! and@532#5/2 bands in
155Tb. Note that the inset has the same scale as the main plot.
calculations for the@532#5/2 band have excluded~included! the
signature splitting term for the solid~dashed! lines. Thea51

1
2 and

a52
1
2 signatures are represented by solid and open symbols

spectively.
d

s
e.

ng

The theoretical calculations of theB(M1)/B(E2) ratios
used the rotational model@31# form of theB(E2) transition
strength:

B~E2:I→I 22!5
5

16p
e2Q0

2^I2K0u~ I 22!K&2. ~2!

An intrinsic quadrupole moment ofQ056.2 eb was as-
sumed using the average of the measured quadrupole
ments of the neighboring even-even nuclei@32#. TheB(M1)
transition strengths were determined using an extended
malism @33# of the geometrical model from Do¨nau @34# and
Frauendorf@35#:

B~M1:I→I 21!5
3

8pI 2
$AI 22K2@~12De8/\v!~gK1

2gR!K11~gK2
2gR!K21~gK3

2gR!K31•••#

2K@~gK1
2gR!i 11~gK2

2gR!i 21~gK3
2gR!i 3

1•••%2mN
2 ~3!

whereK5K11K21K31•••. The subscripts 1, 2, and 3 re
fer to the quasiparticles, or aligned pairs of quasipartic
that couple to form the band, andDe8 is the signature split-
ting of the level energies in the rotating frame. The collect
gyromagnetic ratio was determined bygR50.7(Z/A), while
the gK values were calculated using a Woods-Saxon pot
tial @36# ~the standardgK520.20 was used for thei 13/2 neu-
trons!. The initial alignments (i 1) were obtained from Fig. 5
at low rotational frequency (\v50.1 MeV) and the align-
ments of the quasiparticle pairs (i 2 ,i 3) are equal to the align-
ment gainD i of the given crossing as reported in Table
The parameters used in the theoretical calculations of
B(M1)/B(E2) ratios are summarized in Table III where th
subscript 1 represents the initial quasiproton, 2 represents
AB quasineutrons, and 3 the BpCp quasiprotons.

The experimentalB(M1)/B(E2) ratios for the@411#3/2
band, shown in the inset of Fig. 6, are quite consisten
;0.3(mN /eb)2. The theoretical prediction overestimates t
ratios: this is likely due to mixing between the pseudo-s
partner @411#3/2 and @413#5/2 bands. A rise in the ratios
would be expected aboveI 5 33

2 because of the alignment o
the i 13/2 neutrons. However, with only a fewDI 51 transi-
tions observed in the band crossing region, our expectat
cannot be confirmed.

One can observe the experimental signature depend
of the B(M1)/B(E2) ratios in the one-quasiparticle regio
I , 33

2 , of the @532#5/2 band~see Fig. 6!. An attempt to re-
produce this effect using the signature splitting term (De8)
of Eq. ~3! is displayed in Fig. 6 as the low-spin dashed lin
An overestimation of the splitting by an order of magnitu
is observed. This deficiency is similar to that reported for

he

e-
TABLE III. Parameters used in the calculation ofB(M1)/B(E2) ratios.

Band Q0(e b) gR gK1
K1(\) i 1(\) gK2

K2(\) i 2(\) gK3
K3(\) i 3(\)

@411#3/2 6.2 0.29 1.81 1.5 1.1 20.20 0 9.8
@532#5/2 6.2 0.29 1.43 2.5 2.5 20.20 0 9.3 1.43 1 5.8
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ph11/2 band in 157Ho @25#. Equation~3! assumes an axially
symmetric shape; therefore, other suggestions have in
ducedg deformation org-vibration effects from theph11/2
bands as possible causes for the splitting. More discussio
this phenomenon follows in the next section. The theoret
calculations shown in Fig. 6 as solid lines haveDe8
50 MeV and a general agreement can be seen betw
theory and experiment in the one-quasiparticle region.

In the spin region31
2 <I< 43

2 , the B(M1)/B(E2) ratios
begin to increase and the values for both signatures bec
similar. This is due to the alignment of thei 13/2 neutrons as
indicated by the theoretical ratios~solid line at high-spin!.
Above spin I 5 43

2 , significant signature dependence aris
once more. Since thei 13/2 neutrons are predicted to polariz
the nucleus towards a symmetric prolate shape, the geom
cal model should be able to reproduce the observed splitt
TheDe8 term of Eq.~3! was used again in the calculation
the dashed line at high spin. While initially the model und
estimates the splitting, the data are nearly reproduced by
calculations at the highest observed spins. The splitting m
be caused by the onset of the BpCp crossing; therefore, thes
quasiprotons were accounted for in the calculation of thea
52 1

2 signature at high-spin~short dashed line aboveI
5 51

2 ). Again a reasonable agreement is achieved betw
theory and experiment for this signature.

V. SIGNATURE SPLITTING OF THE ph11/2 BANDS
IN ODD-A'160 NUCLEI

A strong signature dependence on the levels of
@523#7/2 band in 159Tm was first brought to attention b
Larabee and Waddington@37#. This result was quite surpris
ing as one would expect both signatures to be almost equ
energetically favored given the high-K nature of this band.
Similar discoveries were found in the unique-parity bands
155,157Ho and 161,163,165Lu. The signature dependence w
not only observed in the energy levels where thea52 1

2

signature is favored, but also occured in theB(M1)/B(E2)
ratios where larger values were found in thea52 1

2 signa-
ture. While the signature splitting in the levels could possi
be explained by unusually large mixing from theK5 1

2 or-
bital, the amount ofB(M1)/B(E2) splitting could not be
accounted for by simple mixing. Instead, various theoret
studies, using different models~e.g., the particle rotor mode
@38–49# or the cranked shell model@45,50–53#! have pro-
posed that theh11/2 quasiprotons drive the nucleus to stableg
mdeformed~triaxial! shapes or vibrate between symmet
and triaxial shapes, which could describe both the ene
andB(M1)/B(E2) ratio splitting before the AB crossing.

A significant amount of experimental work has been p
formed on the odd-A'160 nuclei since the aforementione
theoretical studies were conducted. The signature splittin
the energy levels andB(M1)/B(E2) ratios are displayed fo
these nuclei in Figs. 7 and 8, respectively. For discuss
purposes, the calculated quadrupole deformation (b2) of
each nucleus from Ref.@54# has also been given in Fig. 7
The large region of deformation covered by these nuclei
the occupation of nearly every orbital in theh11/2 shell ~from
K5 1

2 or 3
2 in 151Eu and 153Tb to K5 9

2 in 161,163,165Lu) will
reveal the dependence that the signature splitting phen
enon has onb2 and the proton Fermi surfacel. Data for the
o-
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nuclei, other than155Tb, were compiled from the following
sources: 151Eu @55,56#, 153Eu @57#, 155Eu @3#, 153Tb @2#,
157Tb @3#, 155Ho @58#, 157Ho @25#, 159Ho @59,60#, 161Ho @61#,
157Tm @62#, 159Tm @26#, 161Tm @63#, 163Tm @64#, 159Lu @65#,
161Lu @27#, 163Lu @28#, 165Lu @66#.

A. Experimental observations and possible interpretations
in the low-spin region I < 33

2

~1! The N588 nuclei all have very large and consiste
energy splitting before the AB crossing. These nuclei are s
under the influence of theZ564 shell gap, which may be
partially responsible for the observed splitting. Since t
h11/2 shell lies higher in energy in theN588 nuclei com-
pared with theN>90 nuclei @1#, the proton Fermi levell
will lie closer to the low-K components of the shell. There
fore, large energy splitting would indeed be expected fr
bands containing a substantialK5 1

2 component in their
wave-functions. Cranked shell model calculations@50# sug-
gest that the low-K orbitals do not drive towards largeg
values, which raises the question of whether triaxial def
mation or normal Coriolis coupling is predominantly causi
the energy splitting. Perhapsg deformation is more impor-
tant in 157Tm and159Lu wherel is likely to be near the mid-
K values and the quadrupole deformations are quite we
Unfortunately, since the energy splitting is so large, theDI
51, a52 1

2→a51 1
2 transitions have not been observe

and thus, no clues can be extracted from theB(M1)/B(E2)
ratios ~see Fig. 8!.

~2! A reduction in the energy andB(M1)/B(E2) ratio
splitting is observed as the neutron number is increased.
is most likely a function of the quadrupole deformationb2
increasing with increasing neutron number~see Fig. 7!. The
largerb2 values suggest that the nuclei are better rotors,
are thus more resistant to the polarization effects of theg
driving h11/2 protons. The Fermi surface moves further aw
from the K5 1

2 orbital as the quadrupole deformation in
creases, which would also decrease the amount of split
observed.

~3! As Z decreases in theN>90, Ho, Tm, and Lu nuclei,
the splitting decreases. Similar to trend~2!, this is likely due
to the increasingb2 deformation asZ decreases in thes
three nuclei~see Fig. 7!. However, as suggested by the ca
culations in Ref.@50#, the lowering of the Fermi surface in
the h11/2 shell would also cause a reduction in theg driving
force of the quasiprotons and thus may contribute to
diminished splitting.

~4! A particularly interesting region of Figs. 7 and 8
that of theN590 and 92 Eu, Tb, and Ho nuclei. There th
quadrupole deformation is essentially constant; therefo
other variables must be considered as the leading cause~s! for
any change in the splitting as a function ofZ. As one can
observe in Fig. 7, the energy splitting increases asZ de-
creases from Ho to Tb, and then remains nearly constantZ
decreases again from Tb to Eu. However, theB(M1)/B(E2)
ratios ~see Fig. 8! exhibit less splitting asZ decreases. The
transition strength ratios are consistent with the scenario
the g driving tendencies wane as the Fermi surface is lo
ered. By moving the Fermi levell from near theK5 7

2 or-
bital in Ho to K5 5

2 in Eu and Tb, the influence of theK
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FIG. 7. Energy level splitting of theph11/2 bands in theA'160 region. Thea51
1
2 anda52

1
2 signatures are represented by solid a

open symbols, respectively. References used are given in the text.
rg

he
e
es
pr
pl
e

ve

d

ly

ion

b-
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nd

he
51
2 orbital may be more responsible for the increased ene

splitting.

B. Experimental observations and possible interpretations
of the high-spin region I > 33

2

~1! A quenching of the energy and, in general, of t
B(M1)/B(E2) splitting occurs with the alignment of th
lowest pair ofi 13/2 neutrons. It has been suggested that th
high-j neutrons polarize the nuclear shape back to near
late symmetric shapes, thus essentially eliminating the s
ting @51,52#. This idea is supported by noting that th
ph11/2^ n i 13/2 bands in neighboring odd-odd nuclei ha
comparatively small energy splitting@67#. However, not only
is the splitting reduced for the bands shown in Figs. 7 an
y

e
o-
it-

8,

but for 153Tb, 155,157Ho, 157,159,161Tm, and 161,163,165Lu the
normally unfavoreda51 1

2 signature even becomes slight
favored. While some conjectures have been made~e.g., the
i 13/2 neutrons drive towards slightly positiveg values@52# or
the interaction of particle-g vibration coupling@43#!, more
theoretical work is needed to fully understand this invers
process.

~2! A change back to the normal energy splitting is o
served in many of the nuclei where signature inversion
curred. These reversions begin at various spin values~see
Fig. 7! and may be caused by different conditions. The ba
terminating states aboveI 5 57

2 @62# in theN588 nuclei may
interfere with the inversion process for these nuclei. T
BpCp crossing is the cause of the reversion in theN590
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FIG. 8. B(M1)/B(E2) ratios of theph11/2 bands in theA'160 region. Thea51
1
2 anda52

1
2 signatures are represented by solid a

open symbols, respectively. References used are given in the text.
re
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, the
ro-
nuclei as the alignment compresses the states in thea5
2 1

2 signature such that they become energetically favo
over thea51 1

2 signature. Although this crossing occurs
approximately the same frequency (\vc'0.47 MeV) in
155Tb, 157Ho, and 159Tm, the reversion begins at differen
spins in each nucleus. The variation of the interact
strengthVv for the BpCp crossing in these nuclei most likel
produces this difference. A weak interaction strength is
served in159Tm, while 157Ho has a strongerVv , and 155Tb
has the strongest of the three. The crossing is stretched
a larger spin region with increasingVv ; thus, the lighter
nuclei return to normal and larger signature splitting quick
In 161Lu, this proton crossing is not observed and thus
reversion to normal ordering is also missing. The return
d
t

n

-

ver

r.
a
o

large splitting is also observed in theB(M1)/B(E2) ratios at
very high-spin for155Tb, 157Ho, and 159Tm ~see Fig. 8!. As
shown in Sec. IV A, this may be the result of the BpCp
crossing in a symmetric nucleus. It is not so evident w
causes the reversion in the heavier161,163Tm and 165Lu nu-
clei at this time; however, a common factor in these nucle
that they all experience the CD crossing at very high spi

The experimental systematics of the signature splitt
phenomenon are now essentially complete~although precise
lifetime measurements would still be desirable for the maj
ity of the bands!. However, a consistent theoretical pictu
for both the low-spin and high-spin regions has not yet fu
emerged. The possiblity of signature dependent shapes
signature inversion problem, the variation and variety of



rly

ve

ti
ofi
an
rb

c
-
e

in

u-
n
e
re

eir
he
e-
n-

n
e

2734 PRC 58D. J. HARTLEY et al.
tational alignments, incorporating theZ564 subshell gap for
the N588 nuclei, and other effects make this a particula
challenging puzzle.

VI. SUMMARY

The combination of our two experiments has added o
115 new transitions to the level scheme of155Tb with the
extensions of three bands to very high-spin (I< 95

2 ). One
new decoupled structure was observed and its configura
has been assigned through the measured alignment pr
Various quasiparticle band crossings were identified
found to be consistent with those observed in other nea
nuclei. While thea52 1

2 signature of the@532#5/2 band was
extended into the spin region where band termination effe
have been seen in manyN590, no evidence for such struc
tures was found in155Tb. General agreement was found b
tween experimental and theoreticalB(M1)/B(E2) ratios for
the @411#3/2 and@532#5/2 bands. The experimental trends
ill

.

.
K.

D
L

es

r-
r,

e-
Y.

c

A
T
k
.
tt

n,
r

on
le.
d
y
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-

the signature splitting of theh11/2 bands forA'160 nuclei
were investigated. The latter splitting apparently has~among
other possible quantities! a large dependence on the quadr
pole deformation (b2) and the placement of the proto
Fermi surface (l). More work is still needed to unravel th
full systematic behavior of signature splitting and signatu
inversion in this wide range of odd-Z, odd-A nuclei.
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