PHYSICAL REVIEW C 69, 044304(2004)

Deformation effects in 18%Au
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The nucleust®Au was populated using the reactidtPTb(3°Si,4n)18%Au at 140 MeV beam energy. Life-
times for theE2 transitions inhg;, and i3, bands have been measured using recoil distance method. The
reduced transition probabilitieB(E2) and transitional quadrupole momei@swere extracted using the mea-
sured lifetimes. Calculations of quasiparticle Routhians and total Routhian su(fER&s have been per-
formed to investigate the effect of th® as well as they-driving properties of these configurations in this

nucleus.
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I. INTRODUCTION II. EXPERIMENTAL DETAILS AND DATA ANALYSIS
The deformation-driving properties of the highntruder The reaction**°Th(*’Si,4n) was used to populate high

configurations built upoig;, andi;s, orbitals have been an  SPin states it®Au. A 140 MeV *°Si beam was provided by
interesting point of investigation in th=73—-79 andA  the 15 UD pelletron accelerator at NSC, New Delhi. The
=170-180 mass regioil—7]. It is believed that these orbits Gamma Detector Array8] consisting of 12 Compton sup-
belonging to the highelt shells come down rapidly as a Pressed HPGe detectors was used for detectingytrays,
function of the quadrupole deformatig and polarize the with a 14-element BGO array used as a multiplicity filter.

nuclear shape towards largkevalues. Because of their large 5000

slopes on thg3 axis, they do not mix with the othgrcon- 16um

figurations and hence keep their deformation-driving ten- v Sy susSu sy s
dency alive. However, it is still possible for them to mix with 3000 2z | 7 wE 22 292 2
the otherK configurations of the sarmjeorbital as a function JWJL\,)‘H ﬂ va
of triaxiality (y). The net deformation-driving tendency 0

would, therefore, depend upon the slope of the energy of 5000

these orbitals in the3 -y two-dimensional surface. Light

gold nuclei(A~ 185 are good candidates for studying these g 35um

effects since their proton Fermi level lies closer to these two 53000 1
high-j intruder proton configurations, namety,,[541]1/2" MJLMWJWW\‘U)W\U\\A}L
andi;34660]1/2". Thehg, configuration in these nuclei has 0

a quasiparticle nature since it lies closer to the Fermi surface
when compared with thig 3/, configuration which lies above
the Fermi surface and is understood to have the shape polar-
izing tendency. It is, therefore, generally expected that the 3000
band built on thei;3, configuration would have a larger
quadrupole deformation compared to the band built on the 0
hg/, configuration. Our previous measurements ¥fAu
nucleus[6] have shown similar deformation-driving effects.
In order to have a more systematic investigation of this effect
in this mass region, we have performed lifetime measure- 2000 | M
ments in the rotational bands built upbg,, andiig, con-

figurations in the'®Au nucleus.
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*Present address: Physics Department, University of York, YO10 FIG. 1. The shiftedS) and unshifteqU) peaks at various target
5DD, York, UK. to stopper distances fdf%Au nucleus.
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The singles data were hardware gated by the condition that &rget to stopper distances are shown in Fig. 1. The intensi-
least two or more BGO detectors fired in coincidence withties of the different transitions in th®y,, andi,5, bands as a
the Compton suppressed germanium signal. The NSC Recdilinction of the target to stopper distances are shown in Fig. 2
Distance Devicg3] has been used for stopping the fast mov-and 3, respectively. These intensities were fitted to the decay
ing recoils from the target in the stopper. The target consistedurves using the programreTiME [10]. The procedure for
of a 1 mg/cm °Tb thick foil stretched on a finely polished fitting was to start from the topmost level observed in the
cone. An 8 mg/craithick gold stopper foil was mounted on experiment which was being fed from the top by a band of
a similar cone located downstream facing the target. Thé&nown transitions with an effective quadrupole moment. The
distance between the stopper and the target was calibratditted intensities and lifetimes for this transition were then
using the capacitance meth@@l and the minimum distance used as the starting parameters for the top feeding of the
was found to be 1@um. The measurements were made fortransition immediately below that. The unknown side-
distances starting from 18m to 10 000um. The data at feeding intensities have been taken into account during the
larger distances were used to take into account the effect ditting procedure. The starting values of the side-feeding in-
any long lived side-feeding transitions. The velocity of re-tensities have been estimated from the intensity balance. This
coiling 18%Au nuclei was found to be/c=0.0155, from mea- fitting procedure may introduce a systematic error up to 10%
sured Doppler shifts of known transitions. This valuewé€  in the lifetime measurements. The change in the detector
has been used for the lifetime analysis. solid angle due to the movement of the target position and
Spectra showing the shifted and the unshifted peaks fothe alignment attenuation correctiofi] were also made in
various transitions of thédng, and i3, bands at different the analysis. The error analysis has been done by the com-
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TABLE I. Lifetimes and theB(E2) values for the positive parity 8 T T ' T ' T T

i13/2 band inlBSAu. I A—ai band T
T =—a h,, band -

Energy(keV) Transition(I”—17) Lifetime (ps) B(E2) (€? b?) i i

287 ar_ux 23.358 1.60513 6 7
378 Zr_a4r 6.994373 1.45139 z l
441 B,z 4.00215 1194008 = 7
473 B 3.3357% 1.0045:%7 i i
498 gr_ = <4.12 >0.63 |

puter routinemiNnuIT [11] which calculates the errors as the

iati I ini i | \ 1 I 1 I | \
deviation on both sides of the minimum corresponding to a 2 o0 50 o S
unit increment in the normalizeg? value. Rotational Frequency [keV]

FIG. 4. The transition quadrupole moments extracted from the

[ll. RESULT AND DISCUSSION measured transition probabilities for they, and hg, bands in

. 18%Au nucleus. The solid lines are the guide to the eye.
A. Experimental results

The measured lifetimes were used for calculating the repf the increasing spin within the band. This trend is vis-
duced transition probabilities for the transitions. The reduceghe in both the bands although it is more pronounced for

transition probabilities were calculated using the relation  pe i,3, band. The decrease in th@ values is likely an
B(E2) = (0_08156/“5?/7_(1 +a)] € b, (1) indication of a change in shape at higher excitation in the

nucleus.
whereE, is the y-ray energy in MeV, is the lifetime in
picosecond, andy, is the total electron conversion coeffi-
cient. The reduced transition probabilities extracted from the B. Theoretical calculations
measured lifetimes for the various transitions of kigp and In order to investigate the deformation-driving tendencies

1312 baTjds ar(re] tabulat%d in ]:I'ahbleshl and I1, refspegtivg:]y. of the i1z, and thehy,, configurations, we performed theo-
In order to have an idea of the shapes associated with theyica| cajculations within the framework of cranked shell
two configurations, thes®(E2) values were used for extract- ,,qe| A deformed Woods-Saxon potential parametrized by

ing the transition quadrupole moments for these two band% ¥, and 8, has been used in these calculatiohg—14. A

using the relation monopole pairing interactiofi5] has been assumed between
[167B(E2)]Y2 the pairs of same type of nucleons. Details of the calculations
iy = — (2)  can be found in Ref[6] and the references within. Since
VE(IK20]1 - 2K) both 8 andy can give rise to changes in tlig, it is instruc-

The extracted quadrupole moments for both the bands are
plotted in Fig. 4. It is clear from the figure that the quadru-
pole moments for the;;, band transitions are systemati-
cally higher than those for thhy, band. Thei,3, band
which is built upon the higlj-configuration is expected to
have more deformation due to the deformation-driving I
tendency. Thég, band on the contrary is likely to be less & | __..---~
deformed since it lacks the deformation-driving tendency.2
An interesting observation apparent from Fig. 4 is that the® | .
transition quadrupole moment, decrease as a function @ sl NG T _

=+, a=+1/2

¢ (from i13/2 level)

TABLE Il. Lifetimes and theB(E2) values for the negative par- S A
. . 185 T =-, L=+1/2
ity hg;» band in+°2Au. 3 (from b, level)

Energy(keV) Transition(I”—17) Lifetime (ps) B(E2) (€? b?) 0 — : : e :
212 Lo_8" 16845 0.864:93 B
17— 13- 1.4 0.07
323 2 T2 19'5i01-520 1'09:?;-‘3 FIG. 5. The quasiproton Routhians for positive parity positive
409 zZ U 6.16% 'z, 1.104755 signature(solid line) as well as negative parity positive signature
484 235‘%2?1‘ <5.06 >0.59 (dashed ling plotted against deformatio at a rotational fre-

quency ofiw=0.25 MeV for18%Au nucleus.
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FIG. 6. The quasiproton Routhians for posi-
tive parity and positive signatur@eft), negative
parity and positive signaturgright), plotted
against deformatiory at a deformation3=0.20
and a rotational frequency dfw=0.25 MeV for
85Au nucleus.
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tive to see the energies of these orbitals as a function of botklopes to the particle states. Thg, orbit which has a nega-
B as well asy. Figure 5 shows the quasiparticle energies oftive slope has a higher admixture of the particle state com-
the positive parity as well as negative parity states as a fungared to the corresponding hole state, hence its overall slope
tion of g for a finite rotation(w=250 keV). It is seen from  is negative. The situation is opposite for thg, level which
this figure that the level coming from thgy, configuration  has more admixture of the hole counterpart and hence it has
goes down in the energy as a function of the quadrupolg net positive slope and, therefore, shows opposite effect.
deformationg. The negative slope of this level for larg8r  The hole orbitals, available across the Fermi level for mixing
values indicates that it would try to deform the nucleus to-yth their corresponding particle state, would mix more if
ward the larger deformation which is in agreement with theyne |evel is close to the Fermi level. Since the level friogp
experimental observation of the larger avergyevalue for  cqndiguration is lower than the level froii, orbital, its
thei;3/, band. The slope of the negative parity configuration,jying is more with the corresponding hole state while the
ﬁ]r:jig%nomtﬂ th_atmdd |fs postl_tlve da_s_a fltJnc;lon ,[Qf_thereby it level from i3, orbital is still above the proton Fermi level

g that ts detormation-dnving tendency IS 0pposite, 4 mixes less with the hole state. This fact influences their

and hence expected to be less deformed. respective deformation-driving tendency and hencei {ky
These two different slopes of the quasiparticle configura- P 9 Y ige

tions arise due to their mixing with their counterpart holeconfigurgtion Is more prqlate deformation driving while the
configurations, across the Fermi level, which have oppositQW2 is slightly oblate driving.
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In addition to this, ay-driving tendency of the orbital may asi, 3, configurations. It is worth mentioning that the large
also have an impact on th@; values. In order to see the softness as seen from these calculations is due to the effect of
v-driving tendency of these two configurations we calculatetthe added quasiparticle energies to the core.
the quasiparticle energies as a functionyofFigures 6a) and
6(b) show the energies of the positive and negative parity

configurations fromi 3, and hgy,, orbitals as a function of IV. SUMMARY
at a finite rotation ofiw=250 keV. It is quite clear from o N
these figures that both they, and thei,s, configurations We have measured the lifetimes of tB& transitions of

have a tendency for deforming the nucleus toward larger the hg;, band and 3/, band using the recoil distance method
values. Since a change towards increagingould give rise  technique. The measured lifetimes were used for extracting
to the reduction in the quadrupole moment, thus the loweringhe reduced transition probabilities and the transition quad-
in the Q; values at high spins may be an indication of therupole moments. The extract€} values have been used to
onset of triaxiality in the nucleus for these configurations. Inunderstand the nuclear shapes for these two configurations.
order to have a look at the shape of the nucleus for thes€he data suggest the comparatively la@evalue of thei, 3,
configurations, we performed total Routhian surfacRsS) band is due to the larger deformation-driving tendency of
calculations using the macroscopic-microscopic formalisnthis configuration as compared to thg, configuration. The
[13,14,16. The calculated TRS values in tigey plane are  quasiparticle energies calculated as a functio afso sup-
shown in Fig. 7 for the positive parity positive signature asport a larger deformation-driving tendency for this configu-
well as the negative parity positive signature. It is clear fromration, compared to they,, band. The calculations also sug-
these plots that there is a strong tendency of the nucleus f@est a large triaxiality caused resulting from the quasiparticle
attain a triaxial shape for both these configurations. It iseffects. The data also suggest that thisoftness is most
therefore, possible that the decrease in @hevalues is be- likely the reason for the decrease of tQevalues of these
cause of attaining the triaxial shape for both g as well  two bands at higher rotational frequencies.
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