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The nucleus of'"®Ta was populated using the reactidt?Th(*0,4n)'"°Ta at a beam energy of 84 MeV.
Lifetime measurements in the bands built on two Nilsson configuratidng 541]1/2" and wg,,f 404]7/2*
were performed using the recoil-distance Doppler shift method. The measured lifetimes were used to extract
the reduced transition probabilitid3(E2). Microscopic Hartree-Fock theory with the angular momentum
projection was used for calculating the reduced transition probabilities.Qthealues obtained from the
measured(E2) values show a larger collectivity for the,, band as compared to thge,, band. Cranked
Hartree-Fock Bogoliubov calculations were used for calculating the quasiparticle Routhians. The experimental
results in conjunction with the cranking calculations also explain the experimental band-crossing delays asso-
ciated with thei 15, neutron alignment in thé”Ta nucleus.
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[. INTRODUCTION Since the lifetime measurements of tB@ transitions pro-
vide a way of inferring the quadrupole deformation of the
The light tantalum isotopesA=171-175)[1-3] have nucleus, we have performed lifetime measurements of the
shown bands built on different Nilsson configurations withlevels of these two bands built omhg,541]1/2" and
contrasting shape driving features. Tkie-1/2 band is built 797 404]7/2" configurations in the'"°Ta nucleus.
on the hy, [ 541]1/2" configuration. Its energy is highly

down sloping with deformation and thus it is supposed to be ||. EXPERIMENTAL DETAILS AND DATA ANALYSIS
prolate driving. On the other hand, the bands built on the

Nilsson configurations, such asrg;404]7/2" and istan method (RDM) in h reaction
mwds; [ 514]5/27, show a coupled sequence. These coupletﬁfs%%((fgeo 4n)1$3Te(1) The 84 l\,/levltg% geam vsas dgﬁ\fer(()ed

_li_ands are chargctenstlc of the higher-configurations. by the 15UD pelletron accelerator at Nuclear Science Center
ese configurations are not expected to have a shape dr'YNSC) New Delhi. The experi t f d using th
ing tendency. » New Delhi. periment was performed using the
. : SC recoil distance plunger devifg] and the Gamma De-

The bands in the tantalum isotopes have shown bang ., array(GDA). A 1 mg/cnt thick target of 1°°Tb was
crossing which is associated with the alignment@f, pair  gretched and mounted on the RDM device. The stopper was
of_ neutrons._ In gen_eral the band_-crossmg frequen_cy for thg mg/cn? gold foil stretched in the similar way and
alignment ofi ,3, pair of neutrons is expected to be indepen-moyunted opposite to the target. The distance between the
dent of the configuration occupied by the odd proton. Thereayget and the stopper was calibrated using capacitance mea-
fore, all bands built on different odd proton ConﬁgurationSSurement methoc[ﬁ] The data were acquired at target_
within the same nucleus are expected to have the same banstopper distances ranging from 13 to 10 0a0n. They rays
crossing frequency. However, if any particular configurationwere detected with 12 Compton suppressed HPGe detectors
has high deformation driving tendency as compared to thef the GDA system arranged in three different rings of four
others then the band-crossing frequency gets deldf¢d detectors each, and making an angle of 144°, 98°, and 50°
The K=1/2 band in the odd Ta isotopes shows a delayedvith respect to the beam axis, respectively. A 14 element
band crossing compared to the other bands belonging to tr®GO multiplicity filter was also used close to the target site.
same nucleus; therefore one expects a higher deformation fdihe data from any of the HPGe detectors were acquired with
this band. The higl and low() configuration coming from the condition that at least two of the BGO detectors should
the intruderhg, level is highly down-sloping as a function of fire in coincidence with the HPGe detector. This reduces the
increasing prolate deformation and one expects a stretchingackground due to Coulomb excitation considerably. The
of the nucleus along the prolate axis. The band crossing idata from all the detectors at one angle were added together
the hg;, band in the’3Ta nucleug 2] takes place at a rota- to improve the statistics.
tional frequencyi w=360 keV. Theg,, band, built on the The y-ray transitions deexciting from levels with spin up
Q=7/2 configuration, on the other hand, shows band crossto | "=25/2" and 23/2 in the hg,, band andg,, band, re-
ing at a rotational frequency @&fw =320 keV. This delay of spectively, were observed in the experiment. The decay of
Afiw=40 keV for thehg, configuration is an indication of the levels along a cascade is represented by a set of coupled
a larger deformation of the nucleus for this configuration.differential equations called Bateman’s equatidii$ The

Lifetimes were measured ih’3Ta nucleus via the recoil
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FIG. 1. The shifted(S) and the unshiftedU) peaks for the ) N )

various transitions it7%Ta at the backward angle of 144°. FIG. 2. Decay curves for the unshifted peaks for transitions in
the negative parityrhg,[541]1/2" band in the nucleus’Ta.

programLIFETIME [8] was used for the present analysis to fit ) ) L
these equations to the experimental decay curves and extrdiyz @197z bands, respectively. The fitted lifetimes fag,
the relevant lifetimes. This program includes the correction@nd 972 bands are tabulated in Tables | and II, respectively.
due to the effect of the unknown side feedings. In the presen he measured lifetimes for different transitions were used to
analysis the topmost level of the band being analyzed wa8Xract B(E2) values for them. In order to have an idea
assumed to be fed by a rotational cascade comprising of fiv@POut the shape of the nucleus for tg, andgy,, configu-
transitions of known energies. The quadrupole moment fofations, we extracted the transition quadrupole momexts
this feeding band was kept a parameter of variation to hav&Sing the measureB(E2) values using the relation
the best fit to the observed highest level. The side feedings to 5
all the levels was modeled to have as one step feeding and it B(E2)= —ethZU 2K 0|l — 2K )? (1)
was ensured in analyzing each decay curve that the intensity 16m
in the band is conserved by the variation of the populatlonfor a transitionl —1 — 2 belonging to a band built on a con-

from the side feedings. The transition probabilities from the,. . . - .
side bands were chosen to have the best fit to the experime guration withJ,=K. These values d@; and the associated

tal data. The errors were calculated by the subrowdimne T eformation parametef calculated from the experimental
[9] of the LIFETIME program which calculates the errors due B(E2) values for thehy, band andgy, band have been

to the variations of the parameters for the unit change of th Iottedflln F'g?]' 4 at;]d 5 Treldtefgrmatlons)ll( shown in .
chi square. The programFETIME also includes the correc- c>¢ NIGUres have been caliculated using a fiinear expansion

tions due to the effect of the finite detector solid angle, ve—Of Qq in terms of the quadrupole deformation paramefgy (

locity dependent solid angle, and the alignment attenuation"’_lssuming an axial symmetryy¢0°). It is seen fror_n the
y cep g ¢ figures that the&Q, values for thehy,, band are~15% higher

L. RESULTS AND DISCUSSION than theg,, band. This property of the higher deformation of
: U U the K=1/2, hg; band compared to the bands built on the
A. Experimental results other highK configurations has been observed*fiTa [5]

The spectra containing shifted and unshifted partners o?lso'
the transitions for various target-stopper distances are shown _ _ _ "
in Fig. 1. The shifted and the unshifted peaks for VariousB' Shape studies using TRS calculations within Hartree-Fock
transitions were fitted. The normalized intensities of the un- Bogoliubov framewark
shifted components as a function of the target to stopper In order to understand the nuclear shape ¥6iTa, total
distance are shown in Figs. 2 and 3 for the transitions of th@®outhian surfacé TRS) calculations were performed using
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TABLE II. Measured and calculatdBl(E2) values forg,,, band
in 17°Ta.

Energy  Spin  Lifetime B(E2) B(E2) projected HF
(kev) (1) (ps) (e? 1) (e?1?)
284 g+ 134+3  0.33+0% 0.40
370 B+ 137+3F 0.85:3% 0.99
439 D+ 406:582 1.22+58 1.31
492 2+ <224 >1.26 1.50

Similar calculations were performed for theve parity
and +ve signature configuration which correspond to the
g7, band. The results of the TRS calculations for this con-
figuration are shown in Fig. 7. The shape for this configura-
tion is also close toy=0° indicating the prolate structure.
The value of the deformation parameter inferred for this
+ve parity +ve signatureg,, configurations isg~0.27
which is in good agreement with the average inferred value
of B=0.28(1) from the measureBi(E2) values.

In order to see the effect of the different values of the
deformations inferred from measurements for the two con-
figurations on the neutron alignment band crossings, we cal-
culated the quasineutron Routhians to find the band-crossing
frequency for these two bands. Figure 8 shows the
quasineutron Routhians for the nuclelféTa at two different
deformationsB=0.32 andB=0.28 which are the average

FIG. 3. Decay curves for the unshifted peaks for transitions indeformations inferred from the measurB(E2) values for

the positive parityrg, [ 404]7/2" band in the nucleusTa.

the two bandsrhg,, and 7rg;,, respectively. The monopole

Cranked Hartree-Fock Bogoliubd€HFB) framework[10]
with Strutinsky shell correction procedufél]. The mean
field in the calculations was assumed to be of Woods-Saxor
[12] type, having a quadrupole as well as a hexadecapole
shape. The residual interaction is assumed to be the monc
pole pairing potential13] and the pair gap and the chemi-
cal potential\ were calculated using the BCS self-consistent
procedure. The TRS contour plots for theve parity and
+wve signature configuratiorh,, band are shown in Fig. 6.
The shape of the nucleus defined by the minimum of the
contours is close to the valug=0°. The average deforma-
tion parameter calculated from these plots for kg con-
figuration is (3~0.28) while the average experimental value
of this negative parity configurationhg, band is B
=0.321), which is about~=15% higher than the theoretical
predictions.

(eb)

Q

TABLE |. Measured and calculateBi(E2) values forhg,, band
in 1%Ta.

B(E2) projected HF
(e?b?)
1.98
2.01

2.12
2.16

Energy  Spin  Lifetime
(keV) (I (ps)
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FIG. 4. The extracte®, values from the measurd®{ E2) val-

ues for therrhg,{ 541]1/2" band of 1"3Ta nucleus. The solid curve

he result of the CHFB calculations.
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FIG. 5. The extracte®, values from the measurd®(E2) val-
ues for thewrg;,[404]7/2" band in1"3Ta nucleus. The solid curve
is the result of the CHFB calculations.

pairing used in both these calculations As,=1.1 MeV
which is close to the value used earliét for calculating the
single quasiparticle Routhians in th&'Ta isotope. It is
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FIG. 6. The TRS plot for the negative parity configuration
(mwho{ 541]1/2” band in 3Ta nucleus calculated at a rotational
frequency ofiw=0.2 MeV.

shape with reflection symmetry was assumed so that con-
figuration mixing occurs only among states of the same
value and parityr. The band heads fok=31",2" bands

were generated, respectively, by putting the last proton in

m=3",2"% near the proton Fermi surface. It is to be noted
that them=13" orbit occupied by the last proton in the

3~ orbit is predominantly ohg, character. The details of
the calculations are given elsewhé¢fg.

The calculated reduced transition probabilities are com-

clearly visible from the Routhian diagrams that the band-pared with the experimental values in Tables | and Il for the
crossing frequency for the neutron alignment increases witliwo bands, respectively. An effective charge ofelf@r pro-

increase in deformation. Fg8=0.32 the rotational align-

tons and 0.€ for neutrons was used in these calculations.

ment of the neutrons takes place at rotational frequency ofhese values are the same as used in the other isotope of

hw=360 keV, while for3=0.28 the alignment takes place tantalum, i.e.,*"*Ta [5]. The calculatedB(E2) values for
athw=320 keV. The experimental values of band-crossinghoth bands of the nucleu§Ta are in good agreement with

frequencieq 2] for the hg;, and thegy,, bands are 360 and
320 keV, respectively. Thus the experimental delay of
Ahw.=40 keV for thehg, band as compared to thg,,
band is reasonably explained using the deformations inferrec
from the measure®(E2) values for the two bands.

C. Microscopic Hartree-Fock calculations with angular
momentum projection

In order to investigate the properties of the two bands in g
173Ta the microscopic Hartree-Fock calculations with angu- %
lar momentum projection were performed. The reduced tran-=
sition probabilities for the levels of the two bands were cal-
culated in order to compare with the experimental values.
The Hamiltonian used in these calculations consisted of &
single particle term and a residual two-body interaction term.
The closed shells oZ=50 andN=382 were assumed with
one major shell active for protons as well as neutrons. A
surface delta residual interacti¢h4] of strength 0.3 MeV
was used fomp, nn, and pp type of interactions. This in-

of the deformed rare-earth nucldi5]. An axially symmetric
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FIG. 7. The TRS plot for the positive parity configuration
teraction is known to give reasonable deformation propertie$wg,,[404]7/2" band in 1"3Ta nucleus calculated at a rotational

frequency ofiw=0.2 MeV.
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FIG. 8. The quasineutron Routhians describ-
ing the delay in the band crossing for the de-
formed configuration. The two deformations used
correspond to the values inferred from the mea-
surements(a) B,=0.32 for thewhg, band, (b)
B>,=0.28 for the wg;, band. Axial symmetry
(y=0°) has been used in the calculations.
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the experimental results. The constant behavior oBite2) pared to theg,, band. Microscopic Hartree-Fock calcula-
values as a function of spin for the lo/=1/2 hg;, band is  tions were performed with the angular momentum projection
clearly visible. It is interesting to note that the smoothly in-to calculate theB(E2) values. The calculateBl(E2) values
creasing trend of thé&(E2) values with spin for they;, are found to be in good agreement with the measured values.
band is also well reproduced by the calculations. It is to beThe deformations inferred from the measurements have been
noted that the calculateBi(E2) values for thehg,, band are  used for the calculations of thes, neutron pair alignment in
higher than those for thg;, band, as observed experimen- the hg;, and theg,,, band using cranked Hartree-Fock Bogo-
tally. liubov formalism. The delay in the band-crossing frequency
for the hg, band as compared to thg;,, band has been
IV. SUMMARY successfully reproduced from these calculations.

Lifetime measurements of the levels of two bantig{
andgs,,) in 173Ta were performed using the RDM technique.
The measured lifetimes were used to extractBi(E2) val- The work has been supported in part by the U.S. National
ues and the transition quadrupole mome@s)( The results  Science FoundatioiGrants Nos. PHY99-01133 and INT-
have shown a larger collectivity for they, band as com- 92152935.

ACKNOWLEDGMENTS

[1] J.C. Bacelaet al, Nucl. Phys.A442, 547 (1985. [10] R. Bengtsson and J.D. Garrett, International Review of
[2] H. Carlssoret al, Nucl. Phys.A592, 89 (1995. Nuclear Physicsedited by T. Englanet al. (World Scientific,
[3] W. Shuxianet al, Z. Phys. A339, 417 (1991). Singapore, 1984 \ol. 2.
[4] L.L. Riedingeret al, Nucl. Phys.A520, 287c(1990. [11] V.M. Strutinsky, Nucl. PhysA95, 420(1967.
[5] P. Joshiet al,, Phys. Rev. 60, 034311(1999. [12] T.R. Werner and J. Dudek, At. Data Nucl. Data Tal8#6s179
[6] T.K. Alexander and A. Bell, Nucl. Instrum. Method&l, 22 (1992.
(1970. [13] S.G. Nilsson and I. Ragnarssdshapes and Shells in Nuclear
[7] R. Clark and N. Rowley, J. Phys. 8, 1515(1992, and the Structure (Cambridge University Press, Cambridge 1995
references therein. p. 290.
[8] J.C. Wellset al, Report No. ORNL/TM-9105, 1985. [14] A. Faesslekt al, Phys. Rev156, 1064(1967).
[9] F. James and M. Roos, Comput. Phys. Commi@. 343  [15] G. Ripka, in Advances in Nuclear Physicedited by M.
(1975. Baranger and E. VogPlenum, New York, 1968vol. I, p. 183.

034303-5



