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Rotational band built on the 3[660](i;5,) configuration in 17°Au
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High-spin states int’°Au have been studied experimentally using #&m(35Cl,5n) fusion-evaporation
reaction at beam energies of 164-180 MeV. A rotational band built Of%[tﬁéo](ilg/g) Nilsson orbital has
been established fdr°Au. Properties of th§[660](i13,2) bands in the odd: Au nuclei are discussed with an
emphasis on the evolution of bandhead energy and deformation while changing neutron number.
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Neutron-deficient nuclei near th&=82 shell closure are obtain DCO ratios, the detectors were divided into three
well known to exhibit coexistence between an oblate orgroups of which the angle positioiiand detector number at
nearly spherical shape and a prolate sHdpd]. Gold nuclei  that angle were 90°(2), +72° (6), +35° (8) with respect to
with Z=79 have provided rich information on the shape co-the beam axis. The detectors were calibrated Vifiio,
existence and shape transition along the yrast line. For th&383, and'5%Eu standard sources; typical energy resolution
heavier oddA Au nuclei withA>187, the low-energy level was about 2.0-2.7 keV at full width at half maximum for
structure shows typical character of single-particle excitathe 1332.5-keV line. In order to identify the in-beayrays
tions, and rotational bands of collectivity are observed exyg|onging to!”%Au and to determine the optimum beam en-
perimentally with increasing excitation energies or angularergy to producé®Au, first, we measured the relativeray
momenta [5-9. It is found experimentally that prolate yiejqs at the beam energies of 164 and 178 MeV. Then, the
shapes are lower in energy for lighter isotopes. The leve eam energy of 180 MeV, at which the yield HPAu was
structures in*81183.185.184; consist mainly of prolate rota- P :

. . 1 ; expected to be a maximum, was chosen to populate the high-
tional bands, and the intrudgf541](hg;,) and 5[660/(i1/) spin states in"°Au. y-y-t and X-y-t coincidence measure-
bands are most strongly populatpl10-13. Recently, €x-  ments were performed at beam energy of 180 MeV. A total
cited states in the proton-unbour@">"Au nuclei were ¢ anout 250« 10° coincidence events were accumulated.
identified[11]. While the yrast lines of®Au and*""Au un-  after accurate gain matching, these coincidence events were
dergo a shape transition from oblate or spherical to prolate &y ted into a symmetric matrix and a DCO matrix for off-line
low spin and are dominated at high spin by a prolate ba”%nalysis.

built upon the intrudeg[660](i,3,,) proton orbital, no sign of The measured relativg-ray yields at different beam en-

collectivity was observed if"*Au isotope[11]. The purpose  ergies, combined with A x-ray coincident information and
of the present work is to search for the decoupled bands

17%Au was available. The ground state’¢fAu was assumed
to be the 5/2 member of the intrude%[541](h9,2) band[11].

In 83Tl a-decay studies, two low-energy levels were sug-
gested fort”°Au [13—-15. The present work confirms earlier

a
unpublished indications of aifs, band in*7%Au [11]. o & . g
The excited states in"’Au were populated via the o 2 e
1495m(%5Cl, 5n)17°Au reaction. The*>Cl beam was provided 50 [ nam uJ\JL

by the tandem accelerator at the Japan Atomic Energy Re- 0
search Institutg JAERI). The target is an isotopically en- 300 400 500
riched 14°Sm metallic foil of 1.5 mg/crh thickness with a
5.0 mg/cn? Pb backing. Ay-ray detector array, comprising
13 HPGe’s with BGO anti-Compton shields and three LOAX  FIG. 1. Total projection spectra at beam energies of 164 MeV
detectors being sensitive to low-energyays, was used. To and 180 MeV.

based on the[541](he/,) and 3[660](i13;) intruder orbitals 6f B a)164MeV .

in 17°Au, and thus complete the evolution of bandhead ener- e ©  m™p O"py e
gies and deformations of these intruder bands while chang- 412 g ® ®0Os O '™0s & 3
ing neutron number in odd-Au isotopes. Prior to this work, © A Ay &
little information on the excited levels and band structure in 1
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FIG. 2. y-ray coincidence spectrum obtained by gating on the
145.0-keV transition. The asterisks) indicate contaminations.
353.5
the existing knowledge of band properties in neighboring 21/2H
odd-Z nuclei, helped us assign theray cascade td"°Au.
Because of severe competition from fission and many com- 261.5 .
peting evaporation channels open in the present reaction, the _!’,QWZ )
vy-ray spectra in this experiment were very complex. We 152.5 (13/0+)

therefore used coincidence mode in the excitation function

measurements. The partial total projection spectra measured (11/27)

at beam energies of 164 and 180 MeV are displayed in Fig. 242.0 220.5

1. As shown in Fig. 1, the relative yields of knownrays (9/27) —&_ (7/27)
from 8%t and®0s, produced in th&*°Sm(35Cl, 1p3n) &%t

and *9%sm(%Cl, 3p1n)*®%0s reactions, respectively, decrease AL

apparently at the higher beam energy, while those from the
1495m(35Cl, 1p4n) 7Pt and °Sm(*°Cl, a1p3n)1’®0s reac- FIG. 3. Level scheme fol7%Au.

tion channels are much enhanced with increasing beam

energy. The relative yields of the 145.0- and 261.5-kgV the levels in'"°Au. The transition intensities below the 13/2
rays have a similar pattern with beam energy as+frays level are apparently smaller than those above the *13/2
from 7%t and*"®s nuclei, indicating that the 145.0- and |evel, indicating that there are other unobserved branches to
261.5-keV y rays should originate from a reaction channeldepopulate the 13/devel. Due to the poor statistics and bad
evaporating five particles. A-ray spectrum gated on the layout of the detectors with only two detectors positioned at
145.0-keV transition is displayed in Fig. 2, in which all 90° with respect to the beam direction, we could not extract
y rays are in coincidence with the AK x rays and the reliable DCO ratios from coincidence data for the transitions
145.0-, 152.5-, 220.50r 242.0y, 261.5-, 353.5-, 434.0-, and assigned td"°Au. However, the transition multipolarities, as
506.5-keV transitions are in coincidence with one anothersuggested from Fig. 4, are consistent with the results de-
Therefore, they rays shown in Fig. 2 are assignedfdAu.  duced from the intensity balances. The intensities of the
The level scheme ot"®Au, including eighty rays, is pro-  152.5- and 261.5-keV transitions should be same in the spec-
posed and shown in Fig. 3. The placement of transitions angtlum gated on the 353.5-keY ray. Assuming arE2 charac-
levels is determined from the-ray coincidence relation- ter for the 261.5-keV transition, we obtain a total internal
ships. The ordering of transitions in the band is determine@&onversion coefficient of 0.9 for the 152.5-keV transition,
according to they-ray relative intensities. The relative tran- whose theoretical values are 0.14, 0.99, and 2.2£1q1E2,
sition intensities were extracted from gated spectra. Figure &nd M1 multipolarities, respectively. Therefore, we assign a
compares partial level schemes of 1791811831y, |ikely E2 character to the 152.5-keV transition. The esti-
strongly suggesting that the band '6fAu fits well into the  mated total conversion coefficient favors the 145.0-keV tran-
systematics of th%[660](i 13/2) intruder bands observed in sition to be anE1 character.

the heavier oddh Au isotopes. Based on the similarities as  In the heavier oddx Au nuclei, thehg,, f75, andiqzs
shown in Fig. 4, spins and parities are proposed tentatively tbands have been commonly observed, among whichijze

iy, 179,
(25/12")
339.0 212) 353.5 * ) . FIG. 4. Partial level schemes 6f’Au, 17°Au,
181ay, 183Au, and 18%Au.
257.3 (17/2+)

160.14 (13/2")

145.0,
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FIG. 5. Extracted alignment for theiqs, rotational bands in Neutron number

179AU, lSlAU, 183AU, and 185AU.
FIG. 6. Experimental and calculated bandhead energies for the

band is developed to be yrast at high spin andtpg and i3/, rotational bands in odé-Au nuclei from177Au to *¥°Au.

f7;> bands are gradually leaving from the yrast line with de-tence of a deformed subshell gapN#t98 as suggested in
creasing neutron number. As shown in Fig. 4, the transitiorthe Nilsson diagram. This subshell gap might enhance the
energies from the 13/2bandhead of thé;5, band to the occupation probabilities of the lo- i, 5, neutron orbitals
11/ member of thehy, band are 558.7, 428.3, and and the lowf) hy/, proton orbitals atN~ 98, which is re-
286.7 keV in18Au, 3Au, and 8%Au, respectively, which sponsible for the magnitude of the deformation of the in-
stepwise decreases by 130—140 keV with decreasing neutrdfider bands. _

number. The corresponding transition energy is 145.0 keV in _The ground state of®18:18318Au is proposed to be”
179Au. Therefore we might expect that thg,, andf,, bands ~ =5/2" and is understood as member of the intrudéw,

in 17°Au are located well above the yrast line. Heavy-ionPand, among which the assignments '%Au have been
induced reactions mainly populate yrast and near yrast levhferred from the systematics of level struci#rd0,11. The

els, so thehy, and f,, bands in17°Au have not been ob- €vel spaces between the 9/and 5/Z levels of thehy,
served in the present work. bands in'®3Au and'#Au are 12.3 and 8.9 keV, respectively

The experimental alignments for t@GGO](iB,Z) bands [4.10. Based on the similarity of the partial level schemes

in the oddA Au isotopes have been extracted according tOshown in Fig. 4, it is reasonable to assume that the lowest

! 179 .
Ref. [4] and they are presented in Fig. 5. In such plots, théevel observed in'™Au rmght be the 9/2 member_ of the
common Harris parametersl,=29.4i> MeV-1 and J, mhg/, band and the transition energy between the 9éfel

=1214* MeV~3 were used[4]. The band of'”%Au has an and the 5/2 ground state is also very small. Thus, the band-
alignment of about 5% at low rotational frequency, in nead energy of the[660](i13/) band in*"*Au is expected to
agreement with what is expected for an aligned proton statB€ around 387 keV. lllustrated in Fig. 6 are the experimental
occupying thel[660] orbit. The systematics of alignments at 2nd cgl7culatedlgkgandhead energies for 31@60](i13.,) band
low rotational frequency, as shown in Fig. 5, support theffom “"/Au to =Au [4]. The calculated bandhead energies
configuration assignment to the newly observed band i€ the results from the macroscopic-microscopic shell cor-
1797 rection model[4]. In the plot, the experimental bandhead
Comparing the level spaces of t§660] bands in the energies in"’Au and *"’Au are their lower limits. The cal-
odd-A Au nuclei, one can see that the level spaces are mini(—:UIat'on p_redlcts that the bandhegq Energy 1S loweshl at
mized at'”’Au and °Au. This indicates that thé[660] =102, while the experimental minimum is located Mt
bands in177Au and "%Au have the largest deformation =100. Theoretical models should be improved to resolve this

among the known odé-Au nuclei. In Ref.[11], a variable difference as well as the discrepancy between the experimen-

moment of inertia fit was carried out for t4¢660] bands in tal and calculated deformations.

the oddA Au nuclei, and empirical values of the deformation  The authors wish to thank the staffs in the JAERI tandem
were subsequently deduced. The extracted deformationsccelerator for providing®®Cl beam. This work was sup-
were maximized at neutron numbers of 98 and 100, correported by the National Natural Science Foundation of China
sponding to'’’Au and 1"°Au. This result is contradictory to (Grant No. 10005012and the Major State Basic Research
the total Routhian surface prediction, which placed the maxiDevelopment Program of China (Contract  No.
mum in deformation near midsh¢ll1]. As stated by Kondev G2000077402 Y.H.Z. acknowledges support from NNSF
et al. [11], such a difference may be due in part to the exis{Grant No. 100255256
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