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Configuration dependence of deformation in183Au
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The nucleus183Au was studied via lifetime measurements using the Doppler shift recoil distance method.
The reaction used was159Tb(28Si,4n)183Au at a beam energy of 140 MeV. Transition probabilities were
measured for the levels of two important bands based oni 13/2 andh9/2 intruder configurations. The quadrupole
moments extracted from measured lifetimes are;24% larger for thei 13/2 band when compared with theh9/2

band. The total Routhian surface calculations have been carried out using the cranked Hartree-Fock-
Bogoliubov model. The calculations also support a larger deformation for thei 13/2 configuration as compared
to theh9/2 configuration.
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I. INTRODUCTION

The spectroscopic studies in the light Au isotopesA
5181–187) @1–3# have shown bands built on two lowV
(51/2) deformed configurations coming fromh9/2 and i 13/2
orbitals. Theh9/2 configuration comes closer to the proto
Fermi level for the lighter Au isotopes. This deformedh9/2
configuration has been understood to be responsible for
higher prolate deformed ground state in theA<187 isotopes,
while the heavier ones (A.187) have a less deformed obla
ground state (b;20.15) arising fromh11/2 configuration
@4–7#. The i 13/2 level is always at a higher excitation energ
when compared to theh9/2 level. The different excitations o
these two intruder orbitals with respect to the proton Fe
level are believed to influence their respective shape driv
tendencies. The levels located higher in the excitation w
respect to the Fermi surface are like particle states that d
the nucleus towards larger deformation, while the opposit
true for the hole like levels. The excitation energy of thei 13/2
level in the nucleus183Au is higher as compared to the Ferm
level and this acts almost like a particle state thus driving
nucleus towards a larger deformation. Theh9/2 state being
close to the Fermi surface would therefore prefer a low
deformation. In addition, thei 13/2 particle state, which be
longs to the higher oscillator shell (N56) has a larger value
of ^r 2& and thus is intrinsically supposed to be associa
with a larger quadrupole moment. Since the transition pr
abilities for theE2 transitions give directly the quadrupo
moment hence the deformation of the nucleus, we have
formed lifetime measurements in the levels comprising
E2 sequences built on theh9/2 and i 13/2 configurations in the
183Au nucleus. The primary aim has been to investigate
effect of the different deformation driving tendencies
these two intruder configurations.

II. EXPERIMENTAL DETAILS AND DATA ANALYSIS

Lifetimes were measured in the183Au nucleus using the
recoil distance Doppler shift technique. The reaction used
the experiment was159Tb(28Si,4n)183Au. A 140-MeV 28Si
beam was delivered by the 15UD pelletron at Nuclear S
0556-2813/2002/66~4!/044306~5!/$20.00 66 0443
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ence Centre~NSC!, New Delhi, and the NSC Plunger devic
@8# was employed for these measurements. A self-suppor
target of 159Tb(1 mg/cm2) was stretched on the targe
stretcher cone while an 8-mg/cm2-thick gold foil was
stretched and used as the stopper. The distance betwee
target and the stopper was calibrated by the capacita
method@9#. The minimum distance between the target a
the stopper was found to be 10mm from the capacitance
extrapolation curve. A gamma detector array~GDA! com-
prised of 12 Compton suppressed HPGe detectors~each of
23% efficiency! was used in conjunction with a 14-eleme
BGO multiplicity filter.The HPGe detectors were arranged
a ring of four each at an angle of 144°, 98° and 50° ang
respectively, with respect to beam direction. Data from
HPGe detectors were acquired in the singles as well as in
gamma-gamma coincidence mode. However, since the in
sity in the coincidence data was insufficient, the data w
analyzed with the singles keeping the multiplicity gate co
dition (M>2) which helped in suppressing the backgrou
g rays coming from the low multiplicity processes like Co
lomb excitation and radioactivity. Data were acquired for
target to stopper distances from 10 to 606mm and those
from detectors at each angle was gain matched in the s
ware and added together. The average experimentally d
mined velocity of the183Au nuclei from the Doppler shifts of
the known transitions wasv/c50.0145. This value has bee
used for the lifetime analysis of the data. The analysis of
data was performed using the computer programLIFETIME

@10#. This program fits the appropriate decay curves to
experimental data and includes the effect of the side feed
corrections to the decay intensity. However, since the s
feeding intensities were low as compared to the main b
feeding, it will not affect the values of our lifetime measur
ments appreciably. In addition, the corrections are also inc
porated due to the velocity dependent solid angle and
nuclear alignment attenuation. The error analysis was
formed through the routineMINUIT @11# of the programLIFE-

TIME. It determines the errors which are the increament in
value of the parameter corresponding to the unit incremen
the value of the normalizedx2 on both sides of the mini-
mum.
©2002 The American Physical Society06-1
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III. RESULT AND DISCUSSION

A. Experimental results

Figure 1 shows the spectra for four target to stopper
tances. The shifted~S! and the unshifted~U! peaks for dif-
ferent transitions are clearly visible in the spectrum. The
eas of these shifted and unshifted peaks were efficie
corrected to get the intensity values. The decay curves for
various transitions belonging to thei 13/2 and h9/2 bands are
shown in Figs. 2 and 3, respectively. The lifetimes fitt
from these curves were used to calculate the reduced tra
tion probabilitiesB(E2) according to the following relation

B~E2!5~0.08156!/@Eg
5t~11at!#e

2b2, ~1!

whereEg is the gamma ray energy in MeV,t is the lifetime
in ps, at is the total conversion coefficient. The measur
lifetime values and the reduced transition probabilities
shown in Tables I and II for thei 13/2 and theh9/2 bands,
respectively. These measuredB(E2) values were used fo
calculating the transition quadrupole moments for getting
idea about the shape of the nucleus. The extracted qua
pole moments for both these bands are plotted in Fig. 4
function of the rotational frequency. The average value of
quadrupole moments is;24% higher for thei 13/2 band than
theh9/2 band which indicates a larger deformation of thei 13/2
band as compared to theh9/2 band.

FIG. 1. The shifted~S! and unshifted~U! peaks at various targe
to stopper distances for183Au nucleus.
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B. Theoretical calculations

To investigate the shapes associated with these config
tions, we have performed total Routhian surface~TRS! cal-
culations using the microscopic-macroscopic approach.
Routhians were calculated using the cranked Hartree-Fo
Bogoliubov procedure@12,13#. A rotating Woods-Saxon
mean field potential@14,15# along with the monopole pairing
interaction was used for these calculations. The values of
pairing termD and the chemical potentiall for the ground
state were determined by solving the BCS self-consis
equations@16#. The total Routhian calculations were used f
determining the microscopic corrections to the macrosco
energy using the Strutinsky procedure@14#. These total
Routhian surfaces~TRS’s! were calculated for the positive
signature of the positive parity as well as negative pa
configurations for a set of points in theb2g mesh. A mini-
mization in theb4 degree of freedom was performed fo
each mesh point. The equienergy contours for these two c
figurations are shown in Fig. 5 for a rotational frequency
\v50.20 MeV being the average energy of the measu
ments.

The TRS plot for the positive parity configuration shows
minimum atb50.28 and it is associated with a triaxialit
g513°. The negative parity configuration, on the oth
hand, shows a smaller deformationb50.24 and triaxiality
g521°. Thus these theoretical TRS calculations pred
that the positive parity configuration has a deformati
;17% higher than the negative parity configuration.

FIG. 2. The decay curves for the transitions of positive par
i 13/2 band in 183Au nucleus.
6-2
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As mentioned earlier, the experimental transition quad
pole momentQt values for thei 13/2 band are also found to b
24% larger compared to theh9/2 band. The deformation pa
rameterb was extracted from the experimentalQt values
using a linear expansion of theQt in terms of b for an
axially deformed shape of the nucleus (g50°) using the
following relation:

Qt5
3

A5p
ZeR0

2b, ~2!

whereR051.2A1/3. These values ofb which are shown in
Fig. 4 are 24% larger for thei 13/2 positive parity band as
compared to theh9/2 negative parity band.

The increase in the deformation for thei 13/2 band can be
attributed to the larger deformation-driving property of th

TABLE I. Lifetimes and theB(E2) values for the positive par
ity i 13/2 band in 183Au.

Energy Transition Lifetime B(E2)
~keV! (I i

p→I f
p) ~ps! (e2b2)

164 17
2

1→ 13
2

1 22269
8 1.7560.06

0.07

283 21
2

1→ 17
2

1 24.260.5
0.5 1.6560.03

0.03

379 25
2

1→ 21
2

1 5.8660.16
0.19 1.6860.05

0.05

453 29
2

1→ 25
2

1 2.7160.13
0.14 1.5260.07

0.08

510 33
2

1→ 29
2

1 1.5820.18
10.15 1.4860.13

0.19

558 37
2

1→ 33
2

1 ,0.97 .1.54

FIG. 3. The decay curves for the transitions of negative pa
h9/2 band in 183Au nucleus.
04430
-

highly down-sloping intruder configuration. The energy
any quasiproton orbitEqp , at any deformationb is given
by @17#

E~b!qp5A@~en~b!2l!21Dp
2# ~3!

wherel andDp are the energies of Fermi level and the p
gap, respectively, anden(b) is the energy of the proton
single particle or hole state as a function of deformationb. A
level is defined as particle~hole! if its energy @en(b)# is
higher~lower! than the Fermi level. It is seen from the abo
equation that for the negative slope ofen againstb, of the
particle ~hole! state, the corresponding quasiparticle ene
E(b)qp would have a negative~positive! slope. Thus the
particle states are prolate driving while the hole states wo
show the opposite effect.

Figure 6 shows quasiproton RouthiansE(b)qp for posi-
tive as well as negative parity configurations plotted aga

TABLE II. Lifetimes and theB(E2) values for the negative
parity h9/2 band in 183Au.

Energy Transition Lifetime B(E2)
~keV! I i

p→I f
p ~ps! (e2b2)

219 13
2

2→ 9
2

2 11666
6 1.0860.06

0.06

334 17
2

2→ 13
2

2 14.661.2
1.3 1.2560.10

0.11

424 21
2

2→ 17
2

2 5.6060.51
0.36 1.0360.06

0.10

503 25
2

2→ 21
2

2 2.5460.26
0.24 1.0060.08

0.11

572 29
2

2→ 25
2

2 ,1.22 .1.06

y

FIG. 4. The transition quadrupole moments extracted from
measured transition probabilities for thei 13/2 and h9/2 bands in
183Au nucleus. The solid lines are the guide to the eye.
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the deformation parameterb for the nucleus 183Au (Z
579), at a rotation of\v50.2 MeV. The level coming
from i 13/2 configuration, which is predominantly a partic
state, comes down in energy as a function of deforma
and hence shows a deformation driving tendency. The ne
tive parity level coming from theh9/2 configuration rises up
in energy as a function of increasing deformation therefor
does not prefer a larger deformation. The measurement
the transition quadrupole moments by Mulleret al. @18# in
the nucleus179Ir have shown that the deformation of th
positive parityi 13/2 band is;30% larger than theh9/2 band.
Since the energy of the proton Fermi level in Ir (Z577) is
lower than Au (Z579), the excitation of thei 13/2 orbit with
respect to the Fermi surface would be even large in Ir nu
therby making it more deformation driving. However, as o
continues towards the lower-Z nuclei, the energy of the pro
ton Fermi level goes further down and the excitation of
h9/2 configuration above the Fermi level starts increasi
and it becomes a predominantly particle state in (Z573)
tantalum nuclei which drives the nuclear shape toward
larger deformation@8,19,20#.

IV. SUMMARY

Lifetimes have been measured for levels of thei 13/2 and
h9/2 bands in 183Au nucleus using the Doppler shift reco

FIG. 5. The TRS plots for the positive parity and positive s
nature~left! as well as the negative parity and positive signat
~right! configurations. Both the plots correspond to a rotational f
quency of\v50.20 MeV.
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distance technique. These lifetimes were used to extract
B(E2) values and the transition quadrupole moments (Qt).
The extractedQt’s indicate a larger deformation for thei 13/2

band as compared to theh9/2 band. The TRS calculation
also predict;15% larger value ofb2 for the i 13/2 configu-
ration as compared to theh9/2 configuration. The energies o
the i 13/2 as well as theh9/2 quasiprotons have been calculat
as a function of deformationb2, using the cranked Hartree
Fock-Bogoliubov~CHFB! calculations. The higher excita
tion of the protoni 13/2 configuration above the Fermi leve
allows it to drive the nucleus towards higher deformati
while theh9/2 level located just below the Fermi level prefe
a lower deformation.

e
-

FIG. 6. The quasiproton Routhians for positive parity positi
signature~solid line! as well as negative parity positive signatu
~dashed line!, plotted against deformationb at a rotational fre-
quency of\v50.20 MeV for 183Au nucleus.
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