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The high-spin behavior ot>*Eu nucleus has been investigated via tA&d(’Li,4ny) reaction. The level
structures of the nucleus built on the 5/8round state and the 5/2excited state have been established up to
spins 39/2 and 43/2, respectively, and are observed to be interleaved through sEanigansitions. From
the B(E1)/B(E2) ratios of the high-spin region the intrinsic electric-dipole moment is deduced and is found
to be 0.18%0.007 e fm and 353 thus obtained is~0.03. The rotational features and magnetic moments
indicate that an octupole correlated deformation has developed with the increasing spin. A theoretical study of
the correlation between th@; and the band crossing frequency supports the conjecture of octupole deforma-
tion at high spin[S0556-28187)00910-2

PACS numbes): 21.10.Re, 21.60.Cs, 23.28g, 27.70+q

. INTRODUCTION pasted a a 4 mg/cm thick mica sheet to protect it from any
possible damage due to heat.

The % u (Z=63,N=90) nucleus lies in the transitional ~ The y rays were detected in the gamma-detector array
rare-earth region where nuclei are neither spherical nor wellGDA). This array consisted of six Compton suppressed hy-
deformed. The nuclei of this region exhibit a strong interplayperpure germaniuntHPGe detectors and a 14-element bis-
between single-particle and collective excitations. This manimuth germanate multiplicity filter at the time of this experi-
fests itself in various interesting phenomena, e.g., backbendnent. Three of the HPGe detectors were positioned at 99°
ing or upbending, band crossing, and the enhancement @ind the remaining three at 153° with respect to the beam
reduction of single-particle alignment. If*¥Eu, [7ds;,;  axis. The details of the GDA setup with the associated elec-
whyyo] and[vf4; viigp] orbitals are very close to the pro- tronics has already been reportfd]. Altogether 3x 10
ton and neutron Fermi levels, respectively. With increasingevents have been collected and sorted off-line to form two
deformation the odd proton occupies the highy,,; orbital,  two-dimensional 40984096 E-E, matrices. One of the
giving rise to the low-lying negative-parity deformed states.matrices was for-y coincidences and the other for ratios of
Although a previous study reports that at low excitation,the directional correlations of the oriented nuclear states
there is a very small interaction between the particleYDCO). The competing channels of tH&Nd(Li, xn) reac-
through theY;, term of the Hamiltoniar{1], experimental tions computed with thecASCADE code at 36 MeV are
results show that the opposite-parity levels are intercon+5ONd(’Li,4n)*>Eu and*®Nd(’Li,5n)*>%Eu. The production
nected through stron§1 transitions untild”=35/2" spin  of the 5%Eu nucleus is 73% of the total reaction cross sec-
states[2]. In Ref. [2] the reported positive-parity ground- tion.

state band, the negative-parity band built on"5/2nd the The DCO ratios were calculated according to the relation
sideband built on 3/2 were extended to the 3270.3 keV

(JW:35/T), 3103.0 keV Oﬂ-:35/2), and 2082.8 keV |y(at 99° gated byy ray at 153')

J™=25/2") states, respectively. Here we shall present the Rpco= 5 N ]

( ) P Y P I,(at 153° gated byy ray at 999

results of the investigation of the characteristics of the high

i in the high i i fEu. . . o .
spin states in the higher excited region‘gfEu Transitions having DCO ratios in the range 0.9-1.1 with a

mean value 0.98, when gated with a stretcE@dtransition,
are assigned multipolarity 2. The DCO ratios of dipole tran-
sitions lie in the range 1.6—2.2. Their mean value is found to
The nucleus®®¥u was produced by bombarding a 4 be 1.80. The energies and DCO ratios obtained for the
mg/cnt thick °Nd target (96.6% with a ’Li beam at transitions in the present work agree quite well with the re-
Eproj~36 MeV provided by the 15UD pelletron accelerator sult reported by Pearsat al.[2]. The intensities of the tran-
of the Nuclear Science Center, New Delhi. The preparatiorsitions are in reasonable agreement with those of RA.
of the target is described in Ref3]. The target was then especially in the low-spin region. For the high-spin levels

Il. EXPERIMENT
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TABLE I. Energy and intensity ofy rays and DCO ratios observed.

E, (keV) Rel.l, DCO E, (keV) Rel. 1, DCO E, (keV) Rel.l, DCO

53.6-0.8 139.5:6.9 1.277) 178.2£0.6 15.4:1.5 393.3:0.7 3.6:0.1 2.47)

83.1+0.7 130.9-3.8 193.70.6 81.1+2.0 0.963) 397.5+0.7 7.4:0.4

83.3+0.7 21.1-4.2 196.4-0.6 8.8+0.8 406.4-0.7 47.9-2.9 0.996)

86.0+0.7 113.1+2.9 200.0:0.6 22.3:3.8 1.8009) 412.3+0.7 29.99.0 0.778)

89.6+0.7 9.2+0.3 1.307) 200.9-0.6 2.3+0.4 413.1+0.7 11.5:3.4

96.6+0.7 20.2c1.0° 209.6-0.7 6.0t1.1 1.177) 423.7+0.7 18.0:2.8

97.1+0.7 145.0-2.6 222.3-r222.4 11.23.5% 429.3+0.7 4.9-0.2 1.822)
+222.5

102.6:0.7 1.6:0.2 223.2-0.6 12.9-3.7 436.8-0.7 61.0:1.2 1.0210

103.2-0.7 23.1+1.8 232.3:0.6 3.5:1.8 0.715) 442.1+0.7 40.2-0.8 1.018)

108.3-0.7 4.4-0.8 235.8-0.6 77.0:2.3 1.285) 450.2+0.7 74511 1.q7)

109.3-0.7 28.3-5. 7 236.8-0.6 8.9+0.3 456.9-0.7 0.9-0.12 1.804)

111.3+0.7 28.1+0.6 1.049) 241.4-0.6 176.95.3 0.9013) 460.4+0.7 13.6:1.6

126.4-0.7 5.2+0.8 242.3+0.6 101.4:3.6 0.947) 473.2:£0.7 43.3:2.6 1.039)

126.5-0.7 12.0:0.7 244.5+0.6 5.8-0.3 476.0+0.7 2.8:0.3

128.5-0.7 39.8:1.6 261.6-0.7 7.4:1.3 481.9-0.8 11.8-1.4

129.5-0.7 20.8:0.8 263.2:0.7 1.0:0.1 489.70.7 10.4:1.3

131.6+0.7 >8.3 267.5-0.7 84.:x1.7 0.9@8) 504.1+0.8 21.7%2.6 0.968)

132.0+0.7 <5.4 267.70.7 14.8:0.7 507.2:0.8 1.4:0.1

137.5-0.7 5.4:2.0 271.70.7 9.5-1.6 509.6+0.8 53.5:5.4 1.0710)

141.5:0.7 12.4-0.8 271.9-0.7 2.2-0.4 2.0912) 520.8-0.8 62.7:2.5 1.018)

142.0+0.7 30.8-5.2 1.6412) 287.6-0.7 100 1.0R,) 530.9+0.8 23.3t2.1 0.988)

146.5-0.7 0.6:0.1 290.8:0.7 1.3:0.6 534.8-0.9 9.5-1.4

151.4+151.6 178.42.7 293.2+0.7 9.6+2.6 556.9-0.8 10.5:0.4 1.0812)

154.1+0.7 12.4+1.5 302.3:0.7 11.6:1.2 565.6-0.8 38.9+8.6

155.7£0.6 101. 7225 307.2:0.7 37.8:2.7 1.3911) 574.9-0.8 23.0r2.4 0.966)

156.8:0.6 17.5:0.4 0.11) 309.6-0.7 0.4:0.1 580.2:0.8 9.5-1.07 0.999)

159.6+0.6 13.6:3.4 1.7 310.80.7 0.4:0.2 592.1%-0.9 11.3:3.4

162.9+0.6 1.2¢0.12 319.9+0.7 11.3:3.1 600.10.9 10.9:2.7 1.0211)

166.3-0.6 65.9-1.7 329.5-0.7 96.1:2.8 0.984) 601.2-0.9 5.9t1.8 0.919)

170.0£0.6 218.8-3.3 0.939) 339.0+0.7 17.5:3.0 1.85) 619.8-0.9 6.7:1.7

170.2£0.6 5.4-0.3 1.54) 347.4:0.7 90.1:1.8 0.9210) 621.6-0.9 3.4£0.5 0.9%2)

174.70.6 40.8-3.72 353.2-0.7 11.70.3 635.0-0.9 3.3:04 0.9912)

175.6-0.6 5.4-0.3 364.9-0.7 151.4r3.1 1.04) 641.3+0.9 1.1+0.1

176.7£0.6 33.204.0° 1.54) 367.2-0.7 7.0:0.4 1.5412) 650.9-0.9 0.9t0.1

177.7+0.6 9.3+0.57 370.3:0.7 83.4t5.8 0.995) 690.3-1.0 1.4£0.2

4ntensities tabulated from coincidence spectra.
®Combined intensities of the unresolvedays.

above 25/2 and 21/2 of the 5/2° bands the intensities lll. RESULTS
have not been previously reported. The energies, intensities,
and DCO ratios obtained in the present work are given in
Table I. The rotational parameters of the 5/2ground-state
In Fig. 1 the partial level scheme constructed from4hg  positive-parity band and the 5/2negative-parity band have
coincidence relationships and DCO ratios is displayed. Théeen calculated using the Harris formul&s The dynamical
three bands reported previously have been extended to spingoment of inertia7® and the aligned angular momentum
J7=39/2", 43/2", and 29/Z, respectively. The cross tran- is, have been extracted from the observed energies of the
sitions connecting opposite-parity energy levels built onexcited states of same parityand signature quantum num-
5/2* and 5/2 states persist until the 33/2spin. ber « for 5/2* bands. The reference angular momentum has
The nonyrast sidebantband 3 built on the 3/2, 103  been estimated from the inertial parametggsand J; cal-
keV state, extended further to the 29/8pin, shows a very culated from the average value of two neighboring even-
good rotational character. Unlike the sidebands in other nueven nuclei'®Sm and*‘Gd. The values as calculated for
clei in this region, this band does not decay to the*5/2 these two nuclei are [J,=23.3%(MeV), 7
ground-state band through fagtl and/orE2 transitions. It =352.7%(MeV?) and Jo=23.1%/(MeV), T
is rather interesting to note that besides its intraband transi= 332.9:*/(MeV?), respectively.
tions, the excited levels of this band decay to the negative The plots of 7(?) and isp. With rotational frequencyiw
parity band viaE1 transitions. are shown in Figs. () and 2b), respectively. These figures

A. Rotational features
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d [TYh ] i TABLE II. B(E1)/B(E2) ratios for positive bands, negative
[ 5/2]5/2+ /215y, bands, and sideband.

Band 2 B(E1)/B(E2)

o e E,.(keV) E,(keV) 1, I(EL) I(E2) (10°fm?
oo an o171 89.6 2414  11/2 9/2~  7/2* 0.05 *0.02
FETTTTTY v 37348 159.6 287.6  13/2 11/27  9/2" 0.05 +0.01
[rdso] 176.7 3295 15/2 13/27 11/2" 0.19 +0.02

3s5/2* 3266.2 3f2* 261.6 370.3 17/2 15/ 13/2° 0.03 +0.01
3572 30998 Band 3 236.8 406.4  19/2 17/ 15/2" 0.12 +0.02

w/E c2o0f  3e 29284 . 339.0 4421 21/2 19/ 17/2° 0.15 +0.01
a2t 26446 pre  ereel 271.7 4732  23/2 212 19/2° 0.20 +0.04
ot i 2;//22: 2322; 393.3 504.1  25/2 23/ 21/2° 0.07 +0.01

' 293.2 530.9 27/2 25/ 23/2° 0.49 +0.14

az7s2 20644\ L, jopag, REtewie 429.3 556.9  29/2 27/2 25/2" 0.22 +0.01
as/2* 1797.8\25/2- 7707 [ 2acet [ ress 456.9 601.2  33/2 31/2 29/2" 0.09 +0.03
- 15332 / oot bis7ae 170.2 347.4  17/2 15/2" 13/27 0.05 +0.01
oot 2937 SO 14040 /19/;; 13139 102.6 364.9 19/2 17/2" 15/27 0.05 +0.01
- 10603 - ool ) e 200.9 436.8 21/2 19/2° 17/27 0.06 +0.01
17 /or a6, 5 e 2238 /15 2} ¢ | eons 271.9 565.6  29/2 27/2" 25/2° 0.12 +0.03
i5/2+ 653,95 15/ <889 / 113//: 75135'773 244.8 2232 g/t 727 5/2" 0.012+0.004
113//:* ;2235 Laze” 476.2 oz %61 302.% 267.7 11/Z 9/2~  7/2" 0.03 +0.01
5727 1537 igﬁ;g;y . W WA 3940 3199 132 112  9/2° 0.03 +0.01
S/2% R T S 062 413.P 353.1 15/Z 13/27  1/2° 0.06 +0.02
155 524.% 397.5 17/Z 15/27 13/2" 0.05 +0.01

Eu 489.F 4238 19/2 17/2 15/2° 0.05 +0.01

FIG. 1. Partial level scheme 0f%u showing positive-parity 619.8 460.4 21/Z 19/27 17/2¢ 0.03 =0.01
and negative-parity bandd 1, E1, andE2 transitions, connection 534.4 481.9 23/2 21/ 19/2f  0.11 +0.04

with an extended sideband built on the B/&tate.

2y transitions of the sideband shown in Fig. 2.

indicate that there is a large signature splitting and signature
dependence of single-particle alignment for band 2, while
band 1 shows a rather weak signature splitting and perhaps

In addition, the single-particle alignment plot shows that

signature dependence on the alignment. However, if thé 5/2
band(band 2 originates purely from théds, orbital, it is not
expected to undergo a signature splitting at these rotation
frequencies. This weak signature splitting is possible if ther
is a mixing of high} orbitals. The calculation of the single- X
particle energies in a deformed Woods-Saxon potential indiguenChIng of
cates that the 5/2 orbital of g, lies 1.3 MeV higher than
the 5/2" orbital of dg/, for 8,=0.2 and thus mixing through
the Y, term is negligible, while the 5/2 orbital of hyy, is
almost degenerat€l48 keV apant Thus a smallY;, term
can lead to a mixing of 5/2 and 5/2 orbitals of dg/, and

hi1/2, respectively.

200

&)
(e}
!

IDw) (FPMev)
g 38
| |

FIG. 2. (a) Dynamical moment of inertig® for both positive-

P (MeV)

T T T T T T
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the aligned angular momentuig, for the negative-parity
band displayed in Fig. (®) increases with increasing rota-
energy and attains a maximum value at

ilonal
3w~0.14 MeV. Beyond this rotational frequency there is a

sharp quenching of angular momentum alignment. This
sp(w) was interpreted by Nazarewi¢s] to

be a manifestation of octupole interaction between Alje
=Al=3 orbitals. In the®3u nucleus the interaction be-
tweends,, andhy4, leads to sharing of the angular momenta
between the high-negative-parity intruder orbital and loyv-
normal-parity orbitals resulting in a decrease in alignment.
At Aw=0.26 MeV, the quenching is maximum. The in-
crease of s () is consistent with the sharp change 8f)
values[Fig. 2(a@)] at frequency abové w~0.30 MeV.

B. Electric dipole moment

The striking characteristic of the decay of the excited
states of the’®¥Eu nucleus is thaE1l transitions compete
with E2 until the high-spin states. Enhancement in low-
energy E1 transitions could be understood to be due to
nucleon polarization inside the nucleus if it attains a reflec-
tion asymmetric shapg7]. The B(E1)/B(E2) values de-
rived from the present experimefdiven in Table 1) indi-
cate that there is an enhancement of these values in the high-

and negative-parity bandgb) single-particle angular momentum Spin region partiCU'_a”y at>(21/2)h. Thislis di3p|ay§'d in
alignmentis ,(w) calculated for four bands against rotational en- Fig. 3@). At low spin the results agree fairly well with the

ergy.

previously reported valug®]. The intrinsic dipole moment
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TABLE lll. ExperimentalB(E1)/B(E2) ratios and dipole moments deduced for high-spin states.

B(E1)/B(E2)

E, (keV) I I I (E1)/1 (E2) (107 fm™?) Do e fm
271.9 29/2 27/12¢ 0.06+0.02 0.12-0.03 0.128-0.068
565.6 25/2

271.7 23/2 21/2 0.22+0.04 0.26:0.04 0.16@-0.068
473.2 19/2

293.2 2712 25/2° 0.41+0.12 0.49-0.14 0.264-0.139
530.9 23/2

429.3 29/2 2712 0.46+0.03 0.22-0.01 0.172-0.043
556.9 25/2

D, hence has been calculated for spins(21/2°)% using  directly measured value 1.533 [12], whereas that for the
the particle-rotor-model formulatior{5]. The value of negative-parity band with spin 5/2is 2.035-0.128u

Qo (=6.75 eb has been obtained froMe,,—=2.412eb [8].  which is somewhat lower than the previously reported values
In Table Ill, Dy values thus estimated froB(E1)/B(E2)  2.24uy [2] and 3.22y [12]. In the present work, the mo-
ratios forl >(21/2)%n are given. The average dipole moment ments of both the bands are rather close to each other.
obtained in the present work {®,)=0.181+0.007e fm.

The intrinsic dipole momenD, can be expressed as a 0.6 . . . . .
sum ofD§° andD$™", whereD}P is obtained from Strutin- 0 572" Band (2)
sky’s liquid drop model for a deformed nucleus abg™" is
due to the quantal shell effects. TB§""value for *>€u has
been taken from the interpolated valuesm§™" of 5%Sm
and 1>%Gd[9]. Taking 8,=0.2 andB,=0.04 from Ref[10]
andC;=0.000 69 fm from Ref{7], the B; parameter in the
expression oDg° [5] has been found to be approximately
0.03. But if the shell effect is assumed to be very small so
that D3 could be neglected, the; deformation would then
be 0.11 from{Dg)expi- Depending on the magnitude of shell
effect, B5 lies in the range 0.08 8;<<0.11. This is consistent
with the largeB; (=0.11) values reported fol*’Sm[9,11]. o1 | 0

0.5} @ 5/2 Band -
# 3/2" Band
0.4 g

B(E1)/B(E2) (10°° fm %)

0.2 b 5 o ]

(@
=

0

I

C. Magnetic-dipole moment . % % § % *

. . 0.0 L L
In the case of a reflection asymmetric nucleus, the 5 10 15 20 25 30 35

opposite-parity bands originate from the same intrinsic state Initial Spin I, (h/2)
of mixed parity and thus the magnetic moments should be
same for both bands. In order to determine the magnetic
moments, the branching ratio of tl€2 transition, aAl =2
crossover transition from a level to that of thél, a Al

=1 transition, has been derived for each band, which pro-
vides the value of thegk — gr)/Q, parameter, wherg, and 0.25. (b)
gr are the orbital and rotationa factors andQ, is the

intrinsic quadrupole moment. The values obtained are plot-
ted in Fig. 3b). It is to be noted that the values for positive-
and negative-parity bands differ in the low-spin region. This
is in agreement with the previously reported val{@k This
implies that at low excitation the bands are built on different ¥ 0.10-
intrinsic configurations, probably originating frody,, (for 2" }

O negative parity band
0.35- A positive parity band

0.30+

0.20+

0.15+

- gr)/Q, [(eb) ]

o
3
positive parity andh,4;, (for negative parity orbitals. How- 0.054 4,
ever, in the high-spin region theg¢—ggr)/Qq values for ’ *

both the bands overlap fairly well within error bars, thus 0.00 . . . . . .

indicating a possible mixing between the two configurations. 5 10 15 20 25 30 35

Taking the average of thagg—gr)/ Qg parameters over the Spin (h/2)

full range of values andg~Z/A andQ,=6.75eb, the mo-

ments for the 5/2 bands have been estimated. The moment F|G. 3. (a) The B(E1)/B(E2) values shown with spins of the
for the ground-state positive-parity band with spin5/8  levels. (b) Plots of (g« —gr)/Q, With increasing spin for positive-
found to be 1.7%0.12 4y and is in good agreement with the and negative-parity bands.

o]
§A4
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QUASI-PROTON ROUTHIANS (MeV)
QUASI-NEUTRON ROUTHIANS (MeV)

0.0 0.0

[ $,=0.10 ] [ 85=0.10
I S R | L L. P RN NN ¢
0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3
Aw(MeV) How(MeV)
FIG. 4. Routhians for quasiprotons calculated ¥+ 63 for FIG. 5. Similar to Fig. 4, but for neutrons witk=90 andA,,

B3=0.0, 0.03, and 0.1. The quadrupole and hexadecapole deforma-q 95,
tions B,=0.2 andB,=0.04 have been taken from R¢L0]. The

pairing energy gap has been kept constani gt 0.9 MeV, corre- o
sponding to 80% of the odd-even mass difference. Solid lines repl the present case &= 63, protonAB crossing is blocked

resent states with simples +i, while short-dashed lines=—i.  in band 2 due to the presence of the odd proton inhthe
The dash-dotted and long-dashed lines in@ge=0 diagram repre- orbital. For the neutron, theAB crossing occurs at
sent states withr=—1, a=+i andw=—1, a=—1i, respectively A w,=0.22 MeV[shown in Fig. %a)], but the observed band
as defined in Ref.21]. crossing is obtained dtw,~0.30 MeV, which is substan-
tially delayed compared to the theoretical prediction. This
IV. DISCUSSION high-spin feature has been investigated by performing a rep-

In order to investigate the single-particle structure offesentative CSM calculation with fixggs values. The inclu-
5%y, a deformed Woods-Saxon calculation with universaision of the octupole term has been supported by several ex-
parametrizatior]13] has been performed for the even-evenperimental results, viz., the quenching of single-particle
152Sm core. The calculation with deformation parametersaligned angular momenta with increasing spin, the increase
B,=0.2 andB,=0.04 taken from Ref[10] shows that the of B(E1)/B(E2) ratios with spin, and the same order of
orbitals 0 =5/2= differing by Al=3 come close in energy magnitude of §x—gr)/Qy values at high spin. All these
near the proton Fermi surfa¢the energy difference between observations seem to indicate that there might be a change of
these two orbitals is 148 keVTherefore, there is a probabil- shape from reflection symmetric to reflection asymmetric
ity to have octupole correlated states as the yrast configuravith the increasing spin. Similar features have been observed
tion for >3Eu arising from the mixing of)=5/2 orbitals of  in several nuclei in the “Sm region,” for examplé*‘Ce
wds;, and hy ., through theY s term of the nuclear Hamil-  [14], *4%Ce[15], *4Nd [16], **&Nd [16,17], **®Sm[18,19,
tonian. and °%Sm[20] above spinl =8%. Therefore, the CSM cal-

The cranked shell moddlCSM) calculations have been culations have been performed g=0.03 and 0.1. The
carried out with the above-mentioned deformed potential irpairing gapsA,=0.9 MeV andA,=0.95 MeV have been
order to understand the observed high-spin behavior okept constant whilgd; is varied and the diagrams are shown
%u. Figure 4a) and Ha) display the quasiparticle in Figs. 4b) and 4c) and Figs. Bo) and 5c) for protons and
Routhians forZ=63 andN= 90, respectively, fol3;=0.0.  neutrons, respectively. It is found that crossing frequency
The pairing energy gap has been chosen to be 80% of th&hifts towards the higher rotational frequency with the in-
odd-even mass difference. It should be mentioned here tharease in3; values. The same phenomenon has been found
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in 2?“Th by Nazarewicz and Olandef&1]. The interpreta- the reason why the band 1 originating from the mixing of the

tion of this feature could be as follows: As the octupole5/2" and 5/2° orbitals shows signature splitting and band 3

interaction becomes stronger with increasidg, a larger —does not.

mixing of vf,, with viq3, orbitals delays the crossing fre-

guency due to the increased involvement of the joarbit- V. CONCLUSION

als. Thus the assumption of reflection asymmetric shape for

153y at high spin seems to give better agreement between In this work the positive- and negative-parity bands

the theoretical calculation and observed crossing frequencie§ands 1 and 2, respectivelgf the *>Eu nucleus have been
The positive-parity sideban@and 3 shows a good rotor extended to 39/2 and 43/2 spins and are found to be

behavior and does not undergo any signature splitting. In thiinked by fastE1 transitions. The largB(E1)/B(E2) ratios

band, the proton occupies tdg, orbital and thus the proton in the high-spin region indicate a finij{@; deformation when

AB crossing is not blocked. It is interesting to note that theB, and 8, values are assumed from the systematics of this

calculated protorAB crossing atZiw.=0.28 MeV for B3~ mass region. In addition, the quenching of angular momen-

=0 [Fig. 4a)] agrees quite well with the observed bandtum alignment and the same values of magnetic moment

crossing in band 3Fig. 2(a)]. However, the calculation at parameters support this result. A representative CSM calcu-

B3=0 predicts the neutron alignment at a considerably lowetation with finite 85 gives better agreement with the experi-

frequency, i.e., ahw=0.22 MeV. It is therefore expected mentally observed delayed crossing frequency in bands 1

that the first band crossing in the sideband should be due @nd 2. The neutron alignment in the positive-parity sideband

neutron alignment, which would imply that in the sideband(band 3 is also delayed, indicating a possible octupole de-

also neutron alignment is delayed. This observation could bérmation in band 3. However, there is a need to carry out a

interpreted in terms of octupole correlation as in the case oflynamical calculation in order to investigate the rotational

bands 1 and 2. The calculation also shows that ikt 0  behavior of '>*Eu with increasing spin.

the protonAB crossing is further delayefFigs. 4b) and

4(c)] and thus \_NlII not be observed a_lrouhdu=_0.28 Me\/_. ACKNOWLEDGMENTS
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