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Deformation driving property of the hg, configuration in "*Ta
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The deformation-driving properties of tig,, configuration in the’*Ta nucleus are discussed in view of the
transition probabilities measured for this band. The nucleus’éfa was populated using the reaction
159Tp(*%0,4n)1"*Ta at an incident beam energy of 84 MeV. The recoil distance Doppler shift technique was
used for the lifetime measurements. The deformafgr-0.26 obtained from these measurements remains
almost constant with increasing rotational frequency. The calculated transitional quadrupole moments are
compared with the total Routhian surface calculations within the cranked Hartree-Fock-Bogoliubov frame-
work. The measured reduced transition probabilities are compared with those from projected Hartree-Fock
microscopic calculationgS0556-28189)08108-X]

PACS numbsds): 21.10.Tg, 21.10.Ky, 27.76.q

[. INTRODUCTION the system, therefore such a study would provide a clearer
picture of the quadrupole deformations characteristic for this
The deformation-driving properties of theh, configu-  band. We have measured the lifetimes of the members of the
ration have been an important point of study in the neutronE2 sequence of the negative parity,, K=; decoupled
deficient Ta isotopes. This configuration comes dowrband in'’*Ta. The results have been compared with the pre-
sharply in energy for large prolate deformations; hence it iglictions of two important theoretical models, namely, self-
expected to exhibit a strong prolate-driving tendency. Thesonsistent cranked Hartree-Fock-Bogoliud@HFB) model
kind of deformation which has been associated with this con@nd the microscopic Hartree-Fock model with angular mo-
figuration is almost axially prolate so that changes associatef€Ntum projections.
with the y degree of deformation with increasing rotation are
very minimal. Because of the Coriolis decoupling for the low ll. EXPERIMENTAL DETAILS
K(=3) configuration, the maximum alignment of angular
ot o 7 st of 1 . g S T e s i
sing the reaction®°Tb(*é0,4n)"'Ta at a beam energy of

an increase in the aligqment of the qu particle. 84 MeV, delivered by the 15UD Pelletron at NSC, New
Because of the minimal changes in tBeas well asy  pejhi Three HPGe detectors-23% efficiency were used
degree of deformation associated with these fighd lowK i, the setup along with a 14-element BGO detector array.
bands, they exhibit a characteristic deformation which can bgyq of the HPGe detectors were kept at a backward angle of
helpful in studying the configuration dependence of deforma- 44° and one at a forward angle 50° with respect to the
tion. Their deformation properties, when seen in the contexfoam axis. The 14 element BGO array had 7 elements above
of a particular mass region, may also bring into focus sOomen4 7 glements below the scattering chamber, looking at the
other correlated aspects of the many-body cqllectlve phet'arget site. The target used for the experiment iZ&¥b
nomenon, as the observed delayed band crossings dbfe (1 mg/cnf) mounted on a stretcher cone to provide a flat
band in the tantalum nuclei. The backbending in this band OE;urface. The stopper used was'¥Au (8 mg/cn?) foil
the Ta isotopes has, in general, been interpreted ad\Bie \hich was sufficient to stop the recoils and was stretched on
band crossings arising due to the alignment C_’f'tf}@ NEU- 3 similar cone placed exactly opposite to the target foil. The
trons[1-3]. The near-yrast spectroscopic studies dTa[1] target and stopper distance was calibrated using the capaci-
have found theAB neutron band crossing to occur at 290 {5 ce method5]. The minimum distance was found to be
keV for the hg, pro;on configuration as cqmpargd to 260 19 um from the extrapolation of the distance vs
keV' for bands built on the other configurations, e.g.,(capacitance)® plot. A check of the capacitance variation
[402]37, [404]3*, and[514]3 . The delay in the band was maintained during the experiment and the distortion of
crossing ~ 30 keV for thehg,, band, as compared to the the target-stopper distance, due to the beam falling on it, was
other bands, is interpreted as due to the larger deformatiofound to be less than Lm during the experiment.
associated with thég, configuration in this region. Since The NSC Plunger device used for the experiment contains
lifetime measurements of thE2 transitions give concrete a movable target stretcher cone mounted on three Invar ma-
and direct information about the quadrupole deformation oterial rods coupled to the axis of three dc linear microactua-

Lifetimes were measured using the recoil distance Dop-
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FIG. 1. Schematic of the recoil distance method experimental setup at NSC, used for the experiment.

tors. The stopper cone is mounted on three similar but fixedase of thehy,, band this constancy @), has been reported
rods. The target-stopper assembly is aligned with the bearfor other nuclei(e.qg., in *’"1’3r) of this region[8,9].
axis and is housed inside a 50 mm diameter glass tube which

is used as the scattering chamber, with vacuum couplings o - shape studies using total Routhian surface calculations

both sides. The experimental setup is shown in Fig. 1. Data within CHEB framework
were obtained for 17 target-to-stopper distand2$.§) from . .
10 to 10 000wm. The largest distance of 10 0@m (corre- In order to understand the deformation properties of

171 H H
sponding tor~3 ns) ensured that feeding from any long- Ta, we carried out self-consistent cranked Hartree-Fock-

lived state was properly accounted for. The data were adBogoliubov calculations to find the minima of the potential
quired with the hardware condition that at least one of the 14£N€rgy surface so as to predict the shape of the nucleus for
BGO detectors of the multiplicity filter should fire in coinci- the given configuration. In these calculations the single par-

dence with any of the HPGe detectors. This helped in elimificlé energy values were calculated for a Woods-Saxon—type
nating contributions due toy rays from radioactivity and
from Coulomb excitation of the target and the stopper. The
transitions emanating from levels with spin up%o in the

hg;» band could be seen with their shifted and unshifted part-
ners. They rays from higher spins were already shifted at
the minimum distance of 1@m and thus did not qualify as 4000
candidates for the measurements using RDM technique.

8000
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Ill. RESULTS AND DISCUSSION

The intensity variations of the shifted and the unshifted
peaks for three differend;_g values are shown in Fig. 2. 8000
The peaks for shifted as well as the unshifted partners were [
fitted for different distances. The unshifted intensity data
normalized against the total intensity was used for the life-
time analysis, performed with the computer cadreTIME
[6]. This code includes the effect of the unknown side feed- 2000
ings in addition to the known feeding pattern from above. In [
the case of the topmost level observed, because of the at
sence of information regarding the levels, the extracted life-
time provides only the upper limit. The minimization and
error analysis of the data was done using the packege!T
[7] used by the programFeTIME. The errors correspond to
the change in the value of the parameter, corresponding to a
increment of one unit in¢? value on both side of the mini-
mum. Representative decay curves are shown in Fig. 3 an
extracted lifetimes and the correspondiB@E2) values are
shown in Table I. The measured transition quadrupole mo-
mentsQ; and the corresponding deformatig values cal-
culated are plotted in Fig. 4 against the rotational frequency. FiG. 2. The shiftedS) and unshiftedU) peaks for transitions in
It is clear from Fig. 4 that there is very little change in the 17Tg for different target to stopper distance3(s) at the back-
value of Q, as a function of the rotational frequency. In the ward angle (144°).
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FIG. 4. Experimental values of quadrupole deformations for the
FIG. 3. Decay curves of the normalized unshifted intensities for™Ner2 band in 1.71Ta. The solid curve is the result of cranked shell
four different transitions, in thég, band of 1Ta. model calculations.

mean field of quadrupole and hexadecapole deformed shap# chemical potential are obtained by solving the respec-
[10]. The monopole pairing part of the residual two-bodytive gap and number equations. The pair gaphus calcu-
interaction was calculated using the BCS self-consistent prdated was finally used in carrying out the Hartree-Fock-
cedure[11]. The total cranked Hamiltonian is Bogoliubov transformations[12]. The Strutinsky-shell-
corrected 13] single particle energies were used as input in
N 0 1ot A Lt $.1 these transformations. The Routhians thus calculated were
H —i§> [(i[Holi)aia;— w(i]Ju])a; ai]_i§> Gajaiaja;,  ged to generate the total Routhian surféBeS) plot in the
(1) B-v plane for the given configuration. It is important to men-
tion that special care must be taken for fixed configuration
calculations due to the possibility of an adiabatic mixing of
(gifferent configurations of the same parity and signature. The
esult of these TRS calculations at a rotational frequency of
=150 keV, close to one of the measurements, is shown
in Fig. 5. This predicts the minima in the potential energy
surface atB,~0.26 which is in close agreement with the
experimental value.

whereH, is the single particle Hamiltonian arad anda; are
the creation and annihilation operators for the particles. Th
second term is the Coriolis part and the last term is for th
residual interaction involving=0 pair coupling. The pair-
ing part is approximated by a one-body pairing potential
within the BCS approximation, and the gap paramétemd

TABLE |. Measured lifetimes and the calculatBgE2) values

for the hg;, band in*"*Ta. B. Angular momentum projection study

of rotational bands of "Ta

B(E2

Energy Spin Lifetime  B(E2) (projected(Ha)rtree-FO()k Another way to look at the properties of thg, band is to
keV) (I7) (P9 (e2b?) (e?b?) compare the reduced transitional probabilities calculated

from a microscopic model with the experimental numbers.
5246 %~ <278 >0.734 1.514 The microscopic Hartree-Fock model with the total angular
4649 2 2.68+332 1.40+313 1511 momentum projection is a more practical model to be used
3889 2~ 6.44+08 1.42+313 1.497 for this purpose. In these calculations the Hamiltonian con-
298.1 i~ 26.46+r120 1.30+3%3 1.469 sists of a single particle term and residual two-body interac-

tions. A closed shell core af =50 andN=282 is assumed
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FIG. 5. TRS plot for+ve signature,why, configuration for 121 3 )
"ITa at a rotational frequency of 150 keV. Spacing between suc- = 3.
cessive contours is 200 keV. 14 1
—_——% 1+
with one major shell active each for protons and neutrons. A
surface delta residual interactigd4], which is known to L proton orbits neutron orbits

give reasonable deformation properties of rare-earth nuclei,

of strength 0.3 MeV fopp, pn, andnn interactions is used. FIG. 6. The prolate deformed Hartree-Fock orbits for protons

Axial as well as reflection symmetry of the deformed field @nd neutrons.
[15] is assumed, so that configuration mixing occurs amon
states of same values and parityr. Each deformed orbitis
denoted by the quantum numbeng. The prolate deformed 0N overlaps
Hartree-Fock orbits for protons and neutrons are plotted in

%or axial symmetry we have the Hamiltonian and wave func-

Fig. 6. By occupying the lowest proton and neutron orbits <\I,JM|F||\I,JM>: 2J+1 WdasinGdJ (3)(6)
. s 1— 9-— 5+ Ky K1 2 NJ NJ KoKy
and putting the last proton im=3",5",2" near the proton KKy VK K, O
Fermi surface, we generate the band heads For 53
=1
=17,27,2" bands, respectively. It is to be noted that the X( P, e D), ®)

m=3" orbit occupied by the lone last proton in the=3"~
orbit is predominantly ohg,, character. g 2+l
A given deformed intrinsic state such as any of the bands KK 2
mentioned above is a superposition of various angular mo-
mentum states: The Hamiltonian and overlap kernels in the above two ex-
pressions are evaluated. A 64-point Gauss-Legendre quadra-
) ture is used in the present calculations. For a tensor operator

TL of rank L we have the reduced matrix element

To get states of definite angular momenta from an intrin- Lo | 1(21;+1)V2l,+1
sic state we use the angular momentum projection operator <\IfK22||TL||\IfK11>=§ | |
\/NK K NK K
1"™1 27™2

fo dosingd, (0)(Dy e 1P| d). (6)

|(DK>:§ CJ|‘I’JK>-

2J+1

pIM— = jDﬁgK(Q)ﬁe(Q)dQ. 3)

I1Ll, g N
XEV CK27V”K2J0 désin GdKzprl( 0)

Here () stands for the Euler angles{,,a;,) andR() is X(Dy |:|\_I;e_igjy|(1)K ). 7)

the rotation operator: 2 !
R L The calculated reduced transitional probabilities are shown
R(Q)=e 21lzg"1Wyg a2z (4)  in the last column of Table I. Effective charges of & fbr
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protons and 0& for neutrons are used in the calculations. gmount (~15%) as compared to that of theg,,{514]2~
The calculatedB(E2) values are quite good in agreement configuration for the'’*Ta nucleus.

with the experimental results. In fact the constant behavior of

the B(E2) values with spin is also visible here which is IV. SUMMARY

ir.1d.ic.ative of no major interaction ,With anot.her band in the We have measured lifetimes of higher excited states of
V|C|n|Fy so as to keep the deformation sustained as a funct|0[he he, band in *Ta using the recoil distance method tech-
of spin. , o nique and extracted the transition quadrupole moments and
_Thus the e_xperlmgntally measured deformatl_on is theogne B, deformation values. The measurggd value (~0.26
retically explained using both the phenomenological as wells found to be nearly constant as a function of rotational
as microscopic models for the band built by, configura-  frequency. The theoretical values B obtained from the
tion which has the prolate driving tendency because of beingRS calculations agree with the present measurements and
high j and low Q). The natural question arises as to whatindicate a prolate deformation. THBE2) values were cal-
happens if the odd particle occupies some other Klgton-  culated using self-consistent microscopic Hartree-Fock cal-
figuration which is not supposed to be as deformed as thisulations with total angular momentum projection. The cal-
one. The band built on the configuration coming frdin  culated values are found to be in good agreement with the
=2 component oh,,,, is one such candidate where the re- experimental results. The deformation for thg, band is
sults for the transitional quadrupole moment are availabldigher by~18% than that of thé,,,, band and points to the
with deformationB,~0.22[16]. Thus the deformation4, deformation-driving property of thhg,, orbital.
=0.26) of thehg,, band is higher by-18% than that oh44,
band. Such an enhancement of the deformation is an indica- ACKNOWLEDGMENTS
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