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Properties of the i 13,,® vi;3, band in odd-odd *¥Au
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High-spin level structure it®%Au has been reinvestigated using the multidetector array of GASP via the
159T(2%si, 4ny) 18%Au reaction at a beam energy of 140 MeV. The ground-state band and the exbited
® viy32 2-qp band have been extended up to lower and higher spin states. An upbend has been observed in the
excited band afiw~0.25 MeV and is interpreted as resulting from a pairmfy;, alignment. This low-
frequency(whg,,)? alignment is supported by the measuid1)/B(E2) ratios and alignment properties in
neighboring oddA nuclei. The linking transitions between the two bands and to the ground state have been
established leading to a firm spin-and-parity assignment forzthg,® vi13, band in*®*Au. This result
provides strong evidence for the low-spin signature inversion inrihg,® vi 3, bands of odd-odd nuclei in
the A~ 180 mass region.

DOI: 10.1103/PhysRevC.70.057303 PACS nunier21.10.Re, 23.20.Lv, 27.789

There has been a longstanding debate concerning the nsdbject of many experimentdll3,14 and theoretical15]
ture of first band crossing in the transitional Ir-Pt-Au nuclei. investigations. Noting the fact that the highiatruder orbit-
Usually, the first backbends observed in the high-spin yrasals are involved in such signature-inversion bands, it is rea-
structure of deformed nuclei are attributed to the rotationrsonable to expect the same phenomenon in the ngy,
alignment of a pair of high-quasiparticles. For nearly the ® vi 5, configuration. Although some indirect evidence has
whole prolate rare-earth nuclei, this pair of higiguasipar- been reported in’®1’§r and '8Au [16-20, however, the
ticle is thought to be thé;s, neutrons. In the Ir-Pt-Au re- spin values had not been determined experimentally for any
gion, however, the Fermi surface enters into the prdtgn  of the 7i5,® vi 3, bands. It is therefore still questionable to
shell and the competition of th,,)? proton alignment is  draw a definite conclusion that the low-spin signature inver-
expected. Based on the blocking arguments and the quasipasion occurs in theri,3,® vi,3, bands.
ticle alignment properties, Larabee and co-workdissug- In order to gain an insight into the existing issues men-
gested that the upbends observeddtPt and'®Au below  tioned above, we have reinvestigated the high-spin band
hw=0.30 MeV result from simultaneous alignments of thestructures in the odd-odd®*Au nucleus. Previously, the
(i1319? neutrons and thehg,,)? protons at degenerate fre- ground-state spin and parity 61‘Au have been determined
quencies. Furthermore, Janzen al. [2] presented even to be 5 formed by then3/27[532|(hy,) ® v7/27[514] con-
stronger spectroscopic evidenfi|®M1)/B(E2) ratiog that  figuration [21,22. Ibrahim and co-worker§23] have ob-
both of these alignment processes occur beldw  served the rotational bands built on thég,® v7/27[514]
=0.30 MeV in'®Pt and'®r [2]. The (7hg),)? alignment has  and 7ri;4,® 713, configurations. Nevertheless, neither the
also been proposed in several other nuclei such @88t  expected low-energyy transitions feeding the *5ground
[3], ¥8Au [4,5, and 8°Au [6]. However, the low- state nor the interband transitions between the two bands
frequency(whg,)? alignment is not always supported by the have been observg@3].
cranked shell model calculatiofig]. According to the theo- High-spin states in'%Au were populated via the
retical scenario of Carpentet al.[7], the (whg),)? alignment  °°Tb(?°Si, 4ny)'®Au reaction at a bombarding energy of
is only accepted in the bands &>¥8Ay involving an 140 MeV. The®Si beam of 8 pnA was provided by the ac-
i13/2 proton excitation, while it is unlikely to occur in even- celerator complex of the Tandem-XTU and ALPI at the
even Pt because a negatiyedeformation is predicted from Laboratori Nazionali di Legnaro, Italy, and focused onto a
TRS calculations. Recently, Robinson and co-worki@s natural metallic™®°Tb foil of 2 mg/cnt thickness. The target
have measured the high-spinfactors in'8%18218pt |t was  was backed with gold of about 5 mg/@rthickness in order
concluded that the proton and neutron configurations ar& avoid the Doppler shift of emitting rays. In-beamy rays
about equally important at high spin in the Pt isotopes neawere detected by the multidetector array of GASP, which
midshell. consists of 40 Compton suppressed large volume Ge detec-

Another interesting phenomenon is the low-spin signatureéors and a multiplicity filter of 80 BGO elements. Events
inversion [9] which has been systematically observedwere collected when at least three suppressed Ge and two
throughout the chart of nuclides in thegg,® vgq/,, 7hiy»  iNner multiplicity filter detectors were fired. A total of 2.0
® vhy1/o hy1o® Vi3 andahg, ® vigg, configurationgsee X 10° events was accumulated and sorted, after gain match-
Refs. [10-13 and references thergirand has become an ing, into fully symmetrized matrices and cubes for off-line

0556-2813/2004/18)/0573034)/$22.50 70057303-1 ©2004 The American Physical Society



BRIEF REPORTS PHYSICAL REVIEW @0, 057303(2004)

(30%) 20 T T T r
18 } i
Band2 7703 (29%) J=18 MeV'#’ (a)
18 J=125MeV~H' .
(284 —+—— 778.0 14 .
S el he? i
7340 ___3 (27+) i aer®
Band 1 Rl U] SEERCS SO 2 P .
8 : .
. Ae"Au nhs/z
6 WU LLYCR -
4 .
2 |- ;;?‘s)\\al’l _
0 1
200 T
oe AU T 5,® Vi | (b)
~ 160 o® Pt vi,, —
S x -
T 'y
> 120 4+ _
3
~ sol- .
-
40 -
0 ] ] | ]
0.0 0.1 0.2 0.3 0.4 0.5

ho (MeV)

FIG. 2. Plot of(a) quasiparticle alignments and (b) dynamic
moment of inertia)? as a function of rotational frequendyw. A
common reference was used with Harris parameters indicated on
the upper panel of the figure.

FIG. 1. Partial level scheme &F“Au deduced from the present
work. The width of arrows represents the intensity of decaying

rays. expected for the pure stretched dipole transitions. Then the
. . . . 551-keV transition is assigned asAd=1, M1+E2 mixed
analyses. To determine the multipolarity of emittedays, transition with a negativeE2/M1 mixing ratio. Conse-

the coincidence events were sorted into an asymmetric M3uently, the lowest member of band 2 can be assigned‘as 11
trix with one y ray detected in one of the 12 detectors placedryjs assignment is also supported by the observation of a
at 31.7°, 36°, 144°, and 148.8average angle is 34°/146° 495 1.-keV, E2 transition [Rpco(495 keW)=1.02+0.08. In
and the other one detected in one of the 8 detectors at 9Qyqdition, some other interband transitions and the extracted
with respect to the beam direction. Theray intensities  mytipolarities provide supplementary arguments for the spin
1,(34°) and1,(90°), used to determine the DCO ratios de- ang parity assignments for band 2.
fined asRpco=1,(34°/1,(90°), were extracted from the co-  The aligned angular momentuipand dynamic moment
incidence spectra by setting gates on the 90° and 34° axesf inertiaJ? versus rotational frequendyw are presented in
respectively, of the above-mentioned asymmetric matrixfFig. 2 for the i 13/2® vigz, band in 1844 and the corre-
Setting gates on the stretched quadrupole transitiongponding bands of neighboring nuclid@s4,24. A common
Rpco(y) values were close to unity for the stretched quadruteference with Harris parameterd,=18:° MeV1, J;
pole transitions an®pco~ 0.5 for the dipole ones. =125:* MeV~3 has been subtracted in order that the ground-
From detailed analyses on theray coincidence relation- state band of®%Pt [24] has a constant alignment after the
ships, a partial level scheme &FAu has been established first band crossing. As is clear in Fig(a, an initial align-
and shown in Fig. 1. Comparing with the previous work of ment as high as-10%4 atz»=0.20 MeV has been observed
Ref.[23], the he,® v7/27[514] ground-state bantband 3 for the 7i;4,® viy3, band in*8%Au. This is consistent with
and the i 3,,® viy3, excited bandband 2 have been ex- the configuration assignment and the additivity property of
tended up to lower and higher spin states. Of most imporalignment in the cranked shell model, that is, t{g, proton
tance, we have identified two low-energyrays (83.6 and  contributes more than#6 while the rest originates from the
186.8 keVj depopulating the previously reported &nd 7 i,5, neutron. A sharp rise in alignment &t~ 0.32 MeV is
levels in the whg,® v7/27[514] ground-state band. These clearly observed in theris,, 7he, bands of*®%Au, and in
two y rays are assigned as feeding directly tifegbound  the ground-state band 6f%Pt. This band crossing has been
state of*®%Au, leading to a firm spin-and-parity assignment attributed to the so-calledB crossing of thei;z, neutron
for band 1. The interband connection is firmly established inf4,24]. Of particular interest, an upbend is observed in the
this work due to observations of several linking transitions.sri5,,® vi;3, band atiw ~0.25 MeV with an alignment gain
The DCO ratio for the interband 551-keV transition was de-of Ai,~5 #. This band crossing can be more clearly demon-
duced to be 0.22+0.02. This value is much smaller than thagtrated in the plot 0f)? versusfiw as shown in Fig. @)
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suggest that tfgg samehg,, crossing is involved in both the
TTi132® vz, band in ®%Au. The semiclassical predictions of 7113/2 band_ofl _Allégand the ground-state band 6fPt. The
Dénau and Frauendof5] assuming extrawhgy,)? and (viys)? hg, crossing in Au hasf been proposed by Mueller and
alignments are shown as the dotted and the dashed lin&0-Workers in Ref[4]. ROb'nSjorl‘Bg?gz fg'workers have mea-
respectively. sured the high-spiig factors in8%18218pt [24]. They sug-
gested that proton and neutron configurations are about
where a peak inJ? at iw~0.25 MeV is observed. The equally important at high spin in the Pt isotopes. The align-
crossing frequency is lower and the alignment gain is smallement features shown in Fig. 2 may be understood by assum-
comparing to the yrast band crossing in the even-even neighing that both the(hg,,)? and the(ri;3,)? alignments occur
bors'®>1¥Pt[7,24. Given the fact that the neutrékB cross-  at degenerate frequencies ne»=0.30 MeV, with the
ing is blocked in themiy3,® viyz, band, it is reasonable to (rhy,,)2 alignment occurring first. A total alignment gain of
attribute the observed band crossing to the alignment of ghore than 16 provides further argument for the simulta-
pair of hg/; protons, i.e., the protoef crossing. The low-  neous(whg,)2 and (vi;s,)? alignments.
frequency (mhg/)* alignment in thei;3,® visz, band is With the spin and parity assignments for band 2, the typi-
consistent with the theoretical scenario of Carperteal. g |evel staggering Curv@(J):E(J)_E(J_l)_%[E(JJrl)
that the low¥) i,5/, proton drives the nucleus to a positiye ~E(J)+E(J-1)-E(J-2)] versus spinJ is plotted in Fig. 4
deformation(y~ 10°) and quenches the proton pairing. Both for the mi14,® vi15/, bands in*2Au [19], 8%Au (this work),
factors favor the low-frequencyrhy,)? alignment[7]. and!8%Au [6]. The level spins are increased by one unit for
The low-frequency (mhg;)? alignment in the i3, the i .,® viys, bands in*Au comparing the level spac-
® viyg, band of AU can be examined by measuring the jngs in1%au and8Au. In such a plot, the points that have
ratios of reduced transition probabilitie&(M1;1—1-1)/  pegative values are energetically favored over those with

B(E2;1 —1-2), which are much more sensitive to the qua-positive ones. The expected favored signaturedis'=a?
siparticle configurations below and above the backbend. The a?_%Jr%:l for the ri13,® vi,3, configuration. It can be

experimentalB(M1)/B(E2) values are extracted from the geen in this figure that it is the unfavored-signat(aé;”

FIG. 3. Experimental and calculat&iM1)/B(E2) ratios for the

measured branching ratids neglecting theE2/M1 mixing =) pranch that is favored energetically at low and medium
ratios(i.e., 5=0) since they enter into thB(M1)/B(E2) cal-  gjing rather than thef =1 sequence. Such behavior has
culations as 1(1+¢%). The experimentaB(M1)/B(E2) val-  peen referred to as the low-spin signature inver§@nwith

ues are compared in Fig. 3 with the theoretical calculationgncreasing angular momentum, the inverted signature split-
using the semiclassical expression of Dong2b] and  ting becomes decreasing, and the two signature branches
Frauendorf[6,26]. A reasonable set of parameteis,do, . cross with each other dt=22" beyond which normal signa-
(Qn),i5,904,(Qp) ,(K),0r, Qo}={3.0,-0.301/2,6.01.175,  ture splitting is observed. The similar staggering pattern
9/2,5.00.30,8.0 was used in the calculations in order to shown in Fig. 4 seems to suggest that the low-spin signature
well reproduce theB(M1)/B(E2) values below backbend. inversion occurs in the threeri;;,® vij3, bands and the
For the high-spin levels, the theoretical results are shown foproposed level spins fof°Au is reasonable. Another inter-
the assumption ofi) a vii3, and (ii) a hg;, crossing. As  esting feature, which is worthwhile noting, is that the signa-
expected the two options result in opposite trends in thdure splitting starts to become reinverted again beydhd
B(M1)/B(E2) values after the crossing. The comparison be=28" in ®4Au. The level staggering pattern beyond the sec-
tween theoretical and experiment&8(M1)/B(E2) ratios ond signature inversion cannot be established because of the
shown in Fig. 3 leads to the conclusion that the observedack of higher-spin data; further experimental study is needed
band crossing is most likely due to thiehg,)? alignment.  to confirm this phenomenon.

A close inspection of Fig. 2 seems to reveal that there In conclusion, the high-spin band structures in odd-odd
exists an extra crossing also in thés, band of'%3Au and AU have  been  reinvestigated  using  the
in the ground-state band 8f%Pt. This extra crossing is ex- Tb(**Si,4ny)'**Au reaction and the multidetector array of
hibited as a gradual alignment gainijrand a corresponding  GASP.  The  ground-state  band (73/27[532](hg/,)
peak or a bump id? atziw~0.25 MeV. If thewhg, cross-  ® v7/27[514]) and the excitedri,3,® vi;3, band have been
ing is accepted in theri;3,® vi;3, band of%Au, one may extended up to lower and higher spin states. The in-band
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B(M1)/B(E2) ratios have been deduced and compared witlihe y-spectroscopic method. Consequently the signature in-
theoretical calculations under the assumptior(fs,)2 or ~ Version is confirmed at low and medium spins. This may lead
(mhg;»)? alignment. The quasiparticle alignments and dy-to @ conclusion that the low-spin signature inversion occurs
namic moment of inertia have been analyzed for the bands iSO IN theis>® viys, bands inA~180 mass region.

'#%Au and the neighboring nuclei. These rotational properties The authors wish to thank the staffs in the LNL-INEN,
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