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The nuclear shape studies are done for different quasiproton barté@® nucleus through lifetime mea-
surement using recoil distance Doppler shift technique. The deformation driving property of thk, low
he/2[541]1/2 intruder band and the stretching property of the Hglhis,,[402]5/2" andh,;,/514]9/2" bands
are discussed. The average quadrupole moment obtained from these measurements,focahéguration
(Q;~6.5€eb) is found to be about 16% higher than the average quadrupole md@enb6.6 e b) for the ds),
and thehq, configurations. The higher value of quadrupole moment for the kowl/2, hg,, band as
compared to the higik=9/2, hyy/5, andK=5/2, ds;» bands indicates its deformation driving property. The
cranked Hartree-Fock-Bogoliubov and the microscopic Hartree-Fock calculations are done for these bands and
are compared with the experimental observations.
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I. INTRODUCTION at N=82 to the midshell aN=104 and then decreases again
- ) towards the next closed shell Bt=120, thus forming a de-

The lifetime measurements of the oddnuclei around  formation plateau near the midshell. The deformation mea-
A~180 are important to study the shape driving effects ofsyrements if”*Re nucleus are interesting as it has 104 neu-
the various single-particle orbitals on the even-even core anglons corresponding to neutron midshell and therefore it is
the other correlated phenomena. In this respect the study @pected to possess the maximum deformation. Also on ob-
the rhenium nuclei may be instructive as they fall on theserving the nature of the AB neutron band crossing for dif-
outer edge of the well deformed rare earth nuclei andyare ferent bands in rhenium nuclei a strong and irregular varia-
soft because of the shape driving forces. For the Re nuclgjon of band crossing with the neutron number is observed.
the strongly decouplearhy[541]1/2" orbital is above the The[541]1/2" band shows a backbending ¥/Re [6] but
Fermi level and hence acts as a particle state while theynward bending int”*Re [7]. The[402]5/2" and[514]9/2
strongly coupledrds[402)5/2" and 7hy;,{514]9/2” orbit-  phands on the other hand display forward bendingifiRe
als are below the Fermi level and hence act as hole stategn upbending id”°Re. This is a puzzling result and may be
When the odd proton of the Re nuclei occupies the highlyassociated with either the shape changes or the level density
downslopingmhg{541]1/2" orbital then it has a strong ef- effects. In order to have a clear understanding of the varia-
fect on driving the even-even nuclear core to lageand  tion of the band crossing behavior with neutron number in
positive y deformations. On the other hand when the oddthese nuclei, it is important to measure the deformation of
proton occupies the upslopingmds{402]5/2° and different bands int’°Re nucleus. As the lifetime measure-
mhy,,{514]9/2" orbitals then it has a tendency to drive the ments of the excited nuclear states provide key information
nuclear core towards spherical shapes. Thus excitation of asn the quadrupole deformation of different configurations,
odd particle to any of these configurations presents the posve have done the lifetime measurements for different bands
sibility of examining the effects on the collectivity and the in 17°Re using recoil distance Doppler shift technique
associated nuclear shapes. The shape driving property gRDM). Part of the results of this paper for thg, (K
these intruder single-particle orbitals for the rare earth nuclet1/2) andds;, (K=5/2) bands has already been presented in
has been comprehensively studied by eliral. [1]. The life-  |SPUNO02 conference in Vietnaf]. However the results for
time measurements " 1"¥a, 1""Re, and'"4r [2-5] nuclei  the hy,,, (K=9/2) band are newly presented. The results are

have confirmed the deformation driving properties of these.ompared with the microscopic Hartree-Fock calculations
single-particle orbitals, and the delay of70 keV observed  for the first time in this paper.

in the band crossing frequency for this la&(1/2) hg»
band as compared to the band crossing frequency for the
ground state band in the nearest even-even neighbors and
also compared to the other bands in these nuclei is inter- The nucleust’*Re was populated by the fusion evapora-
preted as because of the higher deformation for this band. Agon reaction 1**Ho(*80,4n)1"°Re with oxygen beam at
the deformation in these nuclei is caused by the collectivé82 MeV delivered by the 15 UD pelletron at Nuclear Sci-
motion of the nucleons outside the closed shell, so it is exence Cente(NSC), New Delhi. Self-supporting®Ho target
pected to increase as one moves away from the closed shell thickness 80Qug/cn? and the gold stopper of thickness

Il. EXPERIMENTAL DETAILS
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8 mg/cnf were used in the reaction. The recoil distancetimes were done using the computer cadesTIME [10]
plunger device in combination with the gamma detector arwhich takes into account the problem of side feeding by
ray consisting of 12 HPGe detectors was used for this exdirect solution of the Bateman equations and applies all the
periment. The distance between the target and the stoppether necessary corrections required in the raw data such as
was measured using the capacitance meff®ddThe data correction for the change in solid angle due to the motion of
were acquired for 18 target to stopper distand@gg) rang-  recoils, for finite target thickness and for the loss of total
ing from 10 to 5000um. The y rays were detected with 12 +-ray intensity caused by the changes in the angular distri-
Compton supressed HPGe detectors arranged in three diffdpution of the y rays due to the deorientation effect. The
ent rings of four detectors each, making an angle of 144°angular distribution ofy rays emitted from aligned nuclei
98°, and 50° with respect to the beam direction. A 14-can be given by
elements bismuth germana®GO) multiplicity detector ar-
ray was used to reduce the background due to the radioac- WD) = 1 +Ay(t)P5(cos 6) + Ay()P4(cos 6), @)
tivity and the Coulomb excitation, etc. The data are acquiredvhereA, andA, are the angular distribution coefficients and
in the coincidence modey-y) and also in the singles mode p, andP, are Legendre polynomials. According to Abragam
with the y multiplicity condition that at least two BGOs and Pound11] treatment of attenuation of alignme#t, and
should fire in coincidence with one Ge detector. As the staa, vary exponentially in the following way
tistics in the coincidence modgy-y) was not enough, the n r
singles data with the BGO multiplicity filteM =2) were Aolt) =Ag €772, Ag(t) = Ay €', (2)
used for the analysis. The four HPGe detectors at a particulgghere the coefficients,o=0.368 andA,,=-0.112 andr,
angle were gain matched, added, and used for the lifetimgnd 7, are the electronic relaxation times taken as 30 ps
measurements. The typical singles spectra at four targefnd 10 ps, respectively. The intensity of the side feedings
stopper(Dr.g) distances with the shifted and the unshiftedis assumed by the program so that the tataby intensity
peaks for a fewy-ray energies of our interest are shown injs palanced within the band under consideration. The tran-
Fig. 1. The shifted and the unshiftegtray peaks were sjtion rates of the unknown side feedings are taken as free
clearly separated up to spin 33/25/2, and 19/2 for the  parameters and adjusted to have the best fit of the experi-
hg/2, N1/ and theds;, bands, respectively. The rays from  mental data. The initial populations and transition rates of
the higher transitions in these bands were either fully shiftedhe y-ray transitions within the band are adjusted by the
or were not resolved from the background due to the pooprogramminuiT [12] included in theLiFETIME code to cal-
statistics. culate the true parameter errors. It includes the statistical
error and the errors arising from the correlation among dif-
IIl. DATA ANALYSIS AND RESULTS f_erent parameters. The correlated un_cgrtainties from_ the fit-
ting process were estimated by examining the behavigf of
The decay curves of the unshifted intensity as a functiorfunction over the unit interval on both sides of the minimum.
of the target-stopper distance were used for the lifetime The decay curves for the unshiftedtransitions in the
analysis. The intensity normalization was done with the totahy,, ds;,, andh;;,, bands are shown in Figs. 2, 3, and 4,
intensity (sum of the shifted and the unshifted intensiiynd  respectively. The results of the lifetime measurements for
also done with 547 keV Coulomb excited gold peak. Thethese bands are tabulated in Tables I-lll, respectively. From
fitting of these decay curves and the extraction of the lifethe measured lifetimes, the reduced transition probability
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B(E2) and the reduced transition quadrupole momént A. Total Routhian surfaces (TRS) calculations

have been extracted using the following relations:
To have a better understanding of the deformation prop-

erties of the negative paritiy,,[541]1/2" and the positive
parity ds;J[402]5/2" ground state bands iW°Re, we have
carried out the TRS calculatiorjd3] with Strutinsky shell
and correction procedur§l4]. The axial Wood-Saxon potential
[15] with quadrupoleB, and hexadecapolg, deformations
5 is used in the calculations as the mean field. The residual
B(E2;l —1-2)= (1)<| 2KO[I-2K)?Qf, (4 interaction is assumed to be of monopole typg] while the
6 . - . :
pair gapA and the chemical potential are calculated using
the BCS self-consistence method. The total Routhian sur-
whereT(E2) is the transition rate in unit dse9™, B(E2) in  faces are minimized with respect to the deformation param-
units of € b?, and Q; is in the unit ofeb. The reduced etersp,, B4, andy and the resulting TRS contours are plotted
transition probabilitie8(E2) and the quadrupole moments in the B,-y plane at different rotational frequencies. Using

T(E2) =[1.23X (10**](E,)°B(E2) (3)

Q; for all three bands are tabulated in Tables I-Ill. the deformation parameters obtained from the TRS calcula-
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tions the theoretica@, values are computed using the fol- H=e+V, (6)
lowing relation, where “Ze” is the charge on the nucleus and _ _ .
the radiusry=1.2 fm: whereV consists ofV,,, V,,, andV,, interaction terms. A

5 surfaceé residual interactiorj20], which gives reasonable
_ 2/3 o deformation properties in this mass region, of stre
Q= V’Eze o A°Bo(1 +0.363,)c0830° +7).  (5) =Fpn=Fn,=0.157 MeV is used in the calcular:%Es.
] . ) ) Hartree-Fock(HF) orbits are calculated with a spherical
At differential rotational freq.uenues, the calculaigd v, _ noninteracting closed shell core @=50 andN=82 with
and Q; values are tabulated in Table IV for the negative gne major shell active each for protons and neutrons. The
parity (a=+1/2) and positive paritfa=+1/2) bands. The  orpits of the model space with respective single-particle
caIc.uIations show glmost no change in the quadrupolq defo"energies used for HF orbits and angular momentum pro-
mation as a function of the rotational frequency, which isjected spectra calculations are given in Table V along with
consistent with the experimental observations. the values of the proton and neutron effective charges.
Intrinsic stateK=9/2",K=5/2" are obtained by suitable
B. Shape studies with microscopic Hartree-Fock and angular ~ 0dd proton occupation near the Fermi surface. For Khe
momentum projection technique =1/2Z configuration, the odd proton occupi@s=1/2" orbit

. 1R ... (mostly of hg;, origin) well above the Fermi surface.
The observed rotational bands e are also studied in A deformed HF orbit with axial symmetry is in general a

a microscopic way by the projection of total angular mome”'superposition of various states. One has
tum from deformed intrinsic states and by subsequent diago-
nalization. Axial symmetry of the Hartree-Fock field is as- amy;
e lam) = > G jm). (7)
j

sumed in the calculations. For the calculations the nuclear

Hamiltonian [17-19 is considered to be the sum of the

single-particle energy terme® and the residual two-body The mixing amplitudesr:j“m and hence the HF orbits are
interaction potential termV, i.e., obtained by solving the HF equation self-consistently

TABLE I. The results of the present experiment and the microscopic Hartree-Fock calculations for
different y transitions in proton quasipartickehg{541]1/2" band in'"*Re.

Energy Spin Lifetime Q ExperimentalB(E2) Hartree-FockB(E2)
(keV) (" () (eb) (€ b (€% b?)
285.8 - 27.0455 6.54 7 1.39457 1.56
392.8 a- 48453 6.543 1.43452 1.58
483.6 %" 21453 6.5404 1.45453 1.59
559.2 z" 1.0403 6.510¢ 1.44403 1.59
618.4 <y <1.0 >6.6 >1.53 1.60
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TABLE II. The results of the present experiment and the microscopic Hartree-Fock calculations for
different y transitions in both positivda=+1/2) and negative(a=-1/2) signature partners in proton
quasiparticlerrds,)[402]5/2" band in1"Re.

Signature Energy Spin Lifetime Q ExperimentalB(E2) Hartree-FockB(E2)

(a) (keV) I () (eb) (€7 b?) (€ b?)
3973 ¥ 6.35)5 5612 1.0345] 0.90

+1/2 489.5 i 2387 59432 1.2047 1.12
5477 27 <13 >5.9 >1.22 1.23

3417 LT 1644% 5243 0.86:31 0.72

-1/2 4479 L 45483 54472 0.96432 1.02
522.7 19+ <17 >5.9 >1.18 1.20

[17,18. An intrinsic state|¢y) is a Slater determinant of axial symmetry, two of the Euler anglegy are integrated
such deformed orbits and is obtained from the HF configu-out and we are left with the integrals for the kernels for the
ration by appropriate particle-hole arrangement near the prdzuler angleg.

ton and neutron Fermi surfacdactually product of two The matrix element of the Hamiltonian between projected
Slater determinants for protons and neutjoAsgiven intrin-  states of angular momentudnobtained from intrinsic states
sic state|¢y) does not have a unique angular momentumdy and &, is

quantum number and is a superposition of varidustates
[intrinsic states are states of go#&dbut not of goodJ, an-
gular momentum quantum number of a single-particle orbit
is denoted byj. Angular momentum operator for the whole
nucleus(i.e., all the active protons and neutrgnis denoted

by J:

H _2J+1 1
KK, ™ " o (N2 Nf< K2)1/2

KiKq
X (¢ |HE™ |y ). (10

[

) = 2 Cl W) (8)
J

I . : : . Here
The nuclear Hamiltonian is rotationally invariant and

physical states should be states of gdo@/e obtained states

of goodJ by angular momentuniJ) projection. By angular
momentum projection from these intrinsic states the spectra
and other spectroscopic propertiggansition ratescan be
obtained. Thel projection operator i$17]

2J+1

J
NKle o

dB sin Bdi i, (B){ ¢, [€™"" i)

KKz

(11

w2+l

82 : :
o is the amplitude overlap for angular momentdm
Here R(Q)) is the rotation operatofe™ 2 /Alye %) and () Reduced matrix elements of tensor operatoof rank L
stands for the Euler anglég, 8, y). For intrinsic states with are given by

dQD} (QR(Q). 9)

TABLE Ill. The results of the present experiment and the microscopic Hartree-Fock calculations for
different y transitions in both positivda=+1/2) and negative(a=-1/2) signature partners in proton
quasiparticlerrh, 1,/514]9/2" band in1"Re.

Signature Energy Spin Lifetime Q ExperimentalB(E2) Hartree-FockB(E2)

(a) (keV) I () (eb) (€ b?) (€ b?)
3596 LT 11743  5.6%3 0.9943 0.61

+1/2 458.9 i 3443 5943 1.134% 0.93
534.4 27 1.9803 53432 0.94432 1.16

579.6  Z° <0.9 >6.1 >1.29 1.24

-1/2 4119 ¥ 71138 53472 0.92432 0.77
4989 ¥ 24432 5542 1.0341 1.05
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TABLE IV. Comparison of the experimental and the TRS calculafgdvalues at different rotational
frequencies for different ground state bands observedRe.

Band Experimental value TRS value

fhiw (MeV) Q, (eb) fiw (MeV) B y Q, (eb)

0.143 6.5+0.1 0.14 0.27 0.6 6.9

mhe541]1/2° 0.196 6.5£0.3 0.20 0.27 1.2 6.9

(=,+1/2 0.242 6.5+0.4 0.24 0.26 0.8 6.7

0.280 6.5+0.4 0.28 0.26 0.5 6.7

0.309 =6.6 0.32 0.25 0.4 6.5

0.199 5.6+0.3 0.20 0.24 -1.7 6.3

s [402]5/2 0.245 5.9+0.2 0.24 0.23 -4.0 5.9

(+,+1/2) 0.274 =59 0.28 0.22 -25 5.9

0.171 5.2+0.2 0.18 0.22 -0.3 6.0

mds[402]5/2° 0.224 5.4+0.2 0.22 0.23 1.2 6.2

(+,-1/2 0.261 =5.9 0.26 0.21 -0.7 5.8
1(23,+1)(23, + )12 ™ To include the effect of core excitatignore polarization

I 11 TLIATrdo \ — 2 1 J,LJ .
(WlITH ) = 2 (N, N2, )12 2 Czrt| dB the effective charges of 1.6%nd 0.5% for protons and neu-
KiKy KoKy ald 0 trons, respectively, are used in the above relation. To calcu-

Xsin(B) A% (BN [ Te" ¢, (12)

where Tt is the symbol of electromagnetic operatdE,
M1, etc) andKy,K, are axial quantum numbers. The Hamil-
tonian and kernels of the various quantities are calculate

with 64 points Gauss-Legendre quadrature formula. In gen-

eral, two stateg¥;") and|W3™) projected from two intrinsic
configurations|¢Kl> and |¢K2> are not orthogonal to each
other even if ¢Kl> and|¢>K2> are orthogonal. Whenever nec-

essary we orthonormalize them and then diogonalize usmgwhere "

> (Hyw — ENgy)Cp, = 0. (13)
KV

HereCJK, is the orthonormalized amplitude, which can be
identified as the band mixing amplitudes.

The B(E2) values are calculated from the reduced matrix
elements of the electric quadrupole moment oper§2dj
using the following relation:

late the B(M1) values for vy transitions from initial state
“al,” to final state ‘Bl," for the rotational bands withK
=5/2 andK=9/2, thefollowing relation is used:
3 1
(23, +1) 4m

@ 2
x| 2 (WRAllg i+ gsslwen |,

i=p,n

4 BM1ad;— B3 =

(15

and “gs” are the orbital and the spig factors. In
the calculations the quenching of sgjifiactors of halff22] is
considered.

IV. DISCUSSION

According to Table I, the average experimenglvalue
for the ground state band built on the,[541]1/2 is
6.5 e b while the average value for thg,,[402]5/2" and for

1
B(E2;ad; — BJy) = m
1

+ (VY2

R W2 QBI W

(14)

the hy1,4514]9/2" bands is~5.6 e b as shown in Tables II
and IlI, respectively. The average experimer@aialue for

the hy), band is therefore-16% higher than the averagg
values for theds;, andh; 4, bands. Although the quadrupole
moment of individual states in different bands may not be so
different within experimental errors, but the difference of

TABLE V. Single-particle energieéMeV) and the effective charges of protons and neutrons used in the projected HF calculations.

Proton orbitals 9712 dsy2 S1/2 h11/2 h/2 f212 i13/2 o2 esff
Energy -6.92 -5.56 ~3.298 —4.376 1.0 2.0 3.0 55  155e
Neutron orbitals ho/2 f710 P3r2 P12 13 i11/2 o/2 J1512 e
Energy -11.793 —-10.949 -8.739 -7.776 -9.494 -4.049 -3.485 -0.95 0.55e
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FIG. 6. The plot of the experimental aligned angular momentum

FIG. 5. A comparison of the experimental and the theoreticallx as a function of rotational frequendyw for different quasiproton

(TRS) transition quadrupole moments at different rotational fre-bands in'’*Re nucleus(Data are taken from Ref6].)
uencies for the positive signatuge=+1/2) whg,[541]1/2" and
?he wd5,2[402]5/29 bands irg1 179R2. The s)olid ngrEd tf]le dot-dash fOr the ds; band theg, and y values are almost similar to
curves are the results of the TRS calculations. _that of _theh9,2 bqnd at low rotational freq.“ef‘?% while on
increasing the spinB, does not show any significant change

~16% in the average Va|ues does indicate that the core pén |tS Value but the trIaXIalltyy increases S“ghtly tOWardS the
larization effect generated by the occupation of this Hjigh- Negativey value(y~-5°) atiw=0.24 MeV, indicating the
low K he,[541]1/2" orbital by the odd particles has been y—sqft nature of the potential for this configuration at higher
observed in some other known cag@s5. The most ex- €Xxcitations.
pected reason for this quenching of deformation driving The experimental alignment plof§] for different qua-
property of this highi, low K mh,, orbital is the effect of ~SiProton bands in*”Re in Fig. 6 indicate that for the
Fermi level. In case of Ta, Lu, Ho, and other lighter rare[402]5/2" and[514]9/2" bands the initial alignment is small
earth nuclei the Fermi surface is below thbg, shell and  (~1%) but with increasing rotational frequency a clear up-
hence this acts as a pure particle state and therefore has laigard bending with a sharp gain in alignmént7.54) is seen
deformation driving property. On the other hand in Re nucleiat a rotational frequency dfw~0.26 MeV. The small initial
because of the increase of the Fermi level tg,, shell is  alignment at low frequencies for these two hihbands is
near the Fermi surface and therefore has quasiparticle natubecause of their deformation aligned nature at small frequen-
with less deformation driving tendency. The transition quad-<cies. This is indicated by the high(M1) values at low fre-
rupole momentsQ; are calculated from thgs, values ob- quency for these two bands. With increase in rotation, as the
tained from the TRS calculations using E¢p) for the odd proton starts aligning its dipole axispin axig from
ground state negative parity,, (K=5/2) and the positive deformation axis towards the rotation axis, these bands be-
parity ds;, (K=5/2) band. These are plotted in Fig. 5 as acome more and more rotational aligned and hence smooth
function of rotational frequency along with the experimentalgain of alignment is observed. This effect is clearly seen with
values. At lower rotational frequencies the TRSvalues are  the decrease in thB(M1)/B(E2) ratio with spin for the two
slightly higher than the experimental values while at higherbands in Fig. 7. Since for both the bands Bi&2) values
excitations these are in agreement with the experimental vabre almost constant, the decrease in the ratio is mainly be-
ues. The experiment8(E2) values tabulated in Tables |-Ill cause of decrease B(M1) values with rotation as predicted
also indicate the higher value ftw,, band as compared to by the microscopic Hartree-Fock calculations. The sharp
ds;» andh; 4, bands. TheB(E2) values for all three bands are gain in alignment for these two bands7ab~0.26 MeV is
found to remain almost constant as a function of spin. Thidecause of the crossing of these bands with the intersecting
shows that these bands have no major interaction with othghree quasiparticle bands formed by the decoupling of a5
bands in their vicinity so as to keep the deformation susheutron pair at this particular frequency. On the other hand,
tained as a function of spin tiflw=<0.30 MeV. The constant as the hg,[541]1/2" band arises from the high-orbital
nature of experimentdB(E2) values with spin is also sup- which is strongly affected by the Coriolis force and therefore
ported by the microscopic Hartree-Fock calculations. more rotational aligned, a comparatively large initial align-

It is observed from the TRS calculations that for thig, =~ ment(~4#) is observed at small rotational frequencies. On
band at low frequency thg, deformation is high(~0.25 increasing the rotational frequency a smooth gain in align-
while the triaxiality parametety is ~0°. With increase in ment is observed up tho~ 0.3 MeV. This[541]1/2" con-
rotational frequency the3, deformation for this band in- figuration shows the first band crossingfai=0.33 MeV, a
creases slightly with no significant changeqinindicating a  value much larger than that of tié02]5/2" and[514]9/2"
stable prolate shape for this configuration. On the other handands(zo~0.26 MeV). This difference of~70 keV in the
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case is found to be the same as!ifRe [4] with the mean
values of 6.5 b. The nearly same value of the transition

[402]5/2° (a) —— HF theory(+,+)
—-— HF theory(+, -)

15 o Experiment(s, +) quadrupole moments in the two rhenium isotopes with neu-
} © Experiment(+, -) tron numbersN=102 and 104 indicates the stability of
.o1r L . nuclear shape for the ground state configuration around the
R . neutron midshell(N=104) as predicted in the theoretical
Ef 0.5 I\E\I— """ 1 studies done by Nazarewiez al. [25].
& %
=~ 8 T V. SUMMARY
|
& 4| (51492 (b) — HFtheory(-+) | ] The deformation driving properties of the low
g ~- HF theory(-,-) K, mho 541]1/2" band and the higk, s 402]5/2* and
a ® Experiment(—,+) »7ho 2 541] bR L 5 e higk, mds/]402] : an
- 3T 0 Experiment(—,-) | ] 7h,1,4514]9/2 bands are discussed on the basis of the re-
0 .l ] sults obtained from the RDM lifetime measurements in
= 17Re. The theoretical, values obtained from the TRS cal-
§ al - | culations and theB(E2) values obtained from the micro-
E scopic Hartree-Fock calculations are compared with the ex-
o 3 P 2 perimental values for these configurations. The average
21 quadrupole moment for thgs41]1/2" band is found to be

~16% higher than th¢402]5/2" and[514]9/2" bands, in-
FIG. 7. The plot of theB(M1)/B(E2)values with spinl for the  dicating the deformation driving nature of this ld¢ high-j

strongly coupled(@ positive parity 7ds, band and(b) negative  h,, band. TheQ, values derived from the TRS calculations
parity hy1/, band in*"*Re. The solid and the dot-dash curves arefgy the negative and the positive parity ground staje and
thg results .of the projected HF.microscqpic calculations. Onxthe ds/, bands agree qualitatively with the experimental observa-
axis the spins are represented in the unit#.of tions. The slight increase in the triaxiality paramejefrom

0° to —5° as a function of the rotational frequency for thg
crossing frequency for th=1/2 band as compared to the band indicates the softness for this configuration. The con-
higherK bands has been observed'fRe[23] and*’**Ta  stant nature of theB(E2) values with the increase in the
[24] nuclei also. The most expected reason for this delay inotational frequency%w~ 0.30 MeV) for the hg), (K=1/2),
the band crossing frequency for this Ity high§ [541]1/2" ., (K=5/2), andh,,, (K=9/2) bands indicates the stabil-
band compared to the other bands in th_e same nupleus aRy of the nuclear shape for this nucleus. TREE2) values
also compared to the ground state band in neighboring evegsptained from the microscopic HF calculations are found to
even nuclei is mainly because of the large quadrupole defolhe in close agreement with the experimerBéE2) values
mation of this band. The high value of quadrupole pairingfor these bands. The observed gradual increase in the align-
interaction prevents the alignment df5, neutron pair from a5 with the increase in the rotational frequency for the
occurring so early. This has been confirmed from the lifetimeyound stateh,,,, and theds;, bands results in the corre-
measurements iff"a[2,3] and'""Re[4] as being due to  sponding decrease in t&(M1)/B(E2) ratio which is well

the deformation driving nature of the ok, highj he; cON- gy hjained within the framework of the projected HF calcula-
figuration. In the case of’'Re nucleug23] this [541]1/2 tions [24,25.

band shows a pronounced backbending at almost the same
rotational frequencyiw=0.33 MeV, so if the higher defor-
mation of this band is responsible for the shifting of the band
crossing frequency to higher values then the similar shift of The authors would like to thank the Pelletron crew at
~70 keV for[541]1/2 band in'"'Re and'"*Re indicates Nuclear Science Center, New Delhi for providing the good
that in this configuration the two nuclei should have nearlyquality beam during the experiment. We are also thankful to
the same deformation. This is actually being verified as th&JGC and CSIR, India for providing financial support for this
average value of transition quadrupole momentin this  experiment.
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