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WOBBLING MOTION IN THE MULTI-BANDSCROSSING REGION: DYNAMICAL COUPLING MODEBETWEEN HIGH- AND LOW-K STATES�M. Oia;b, A. Ansari
, T. Horibatad, N. Onishie, and P.M. WalkeraaDepartment of Physi
s, University of Surrey, Guildford GU2 7XH, U.K.bDepartment of Applied Physi
s, Fukui University, Fukui 910-8507, Japan
Institute of Physi
s, Bhubaneswar 751 005, IndiadDepartment of Engineering, Aomori University, Aomori 030-0943, JapaneDepartment of Engineering, Yamanashi University, Kohu 400-8510, Japan(Re
eived Mar
h 2, 2001)We analyze a me
hanism of 
oupling of high- and low-K bands in termsof a dynami
al treatment for nu
lear rotations, i.e., wobbling motion. Thewobbling states are produ
ed through the Generator Coordinate Methodafter Angular Momentum Proje
tion (GCM-after-AMP), in whi
h the in-trinsi
 states are 
onstru
ted through fully self-
onsistent 
al
ulations bythe 2d-
ranked (or tilted-axis-
ranked) HFB method. In parti
ular, thephenomena of �signature inversion� and �signature splitting� in the t-band(tilted rotational band) are explained in terms of the wobbling model. Our
al
ulations will be 
ompared with new data for in-band E2 transition ratesin 182Os, whi
h may shed light on the me
hanism of the anomalousK = 25isomer de
ay, dire
tly to the yrast band.PACS numbers: 27.70.+q, 21.10.�k1. Introdu
tionIn the A ' 180 region of the rare-earth nu
lei, three bands are observedto intera
t with ea
h other at I ' 14 ~. The bands are g-, s- and t-bands.The g- and s-bands are well-known rotational bands of the ground stateand rotation-aligned 
on�gurations, respe
tively. On the other hand, thet-band means �tilted-rotating� band whi
h was proposed by Frauendorf [1℄.In 184Os, the t-band has a K� = 10+ band head, while 182Os has K� = 8+.These high-K states are assigned to two quasi-parti
le ex
itations in theneutron i13=2 orbits. Be
ause the neutron Fermi levels in these nu
lei are in� Presented at the High Spin Physi
s 2001 NATO Advan
ed Resear
h Workshop, ded-i
ated to the memory of Zdzisªaw Szyma«ski, Warsaw, Poland, February 6�10, 2001.(2559)



2560 M. Oi et al.the high-
 orbits in the i13=2, it is expe
ted that high-K states are ex
itedfavourably and appear near the yrast line.These three bands, i.e., g- and s-bands (low-K) and t-band (high-K),seem to intera
t with ea
h other near I = 14 ~ to 
ause a ba
kbend in theyrast line. An interesting phenomenon here is that the t-bands split into twosequen
es: one of them 
onsists of even-I members while the other of odd-I,whi
h is energeti
ally lower than the former. (See Fig. 1.) Therefore, it seemsthat so-
alled �signature splitting� and �signature inversion� are indu
ed bythese multi-band 
rossings. These phenomena are observed systemati
allyfor even�even nu
lei in the A ' 180 region su
h as 180�184W and 182�186Os.
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0 Fig. 1. Multi-bands 
rossing in 182Os.2. Wobbling modelTo explain these phenomena, i.e., a 
oupling between high- and low-Kstates (in other words, break-down of the K-sele
tion rule), we propose thewobbling model. The term �wobbling motion� was originally introdu
ed intonu
lear stru
ture physi
s by Bohr and Mottelson [2℄, in order to explainex
ited rotational stru
tures of triaxial nu
lei. The wobbling motion in this
ontext is 
onsidered as the small deviation or �u
tuation of angular momen-tum from the typi
al 
olle
tive rotation around the x-axis. The motion isquantized and presents phonon-like stru
tures above the ground state band.



Wobbling Motion in the Multi-Bands Crossing Region : : : 2561On the other hand, our wobbling motion is based on the theory by Ker-man and Onishi [3℄. It is based on the Time-Dependent Variational Model(TDVM) and attempts to handle general three-dimensional nu
lear rota-tions. In our present model, we des
ribe the wobbling state, jWblli, as asuperposition of di�erent tilted-axis-
ranked HFB states, jHFB(�; J)i, where� and J are de�ned in the 
onstraints of angular momentum. Jx = hÎxi =J 
os �; Jy = hÎyi = 0; Jz = hÎzi = J sin �. (Note that the tilt angle � ismeasured from the x-axis to see the deviation of the rotation axis from thex-axis.)The wobbling states are written,jWbblIM i =XK Z d�f IK(�)P̂ IMK jHFB(�; J)i ; (1)where f IK(�) is the GCM wave fun
tion and the variation is made with re-spe
t to this fun
tion. The pairing-plus-QQ for
e is employed as an residualintera
tion for the spheri
al parts (from the Nilsson model) in the Hamil-tonian. Quantization is made through the angular momentum proje
tionte
hnique (P̂ IMK).As a result, our wobbling motion 
an des
ribe not only small but alsolarge amplitude wobbling motion around any types of rotations (with anykinds of deformations). In other words, this model des
ribes a dynami
alpi
ture of nu
lear ex
ited modes su
h as rotations and vibrations.Fig. 2 shows s
hemati
ally how the wobbling motion o

urs. As a nu
leusrotates rapidly, the rotation-alignment o

urs, in both of the g- and t-bands.As a result, the yrast band takes on the s-band 
hara
ter (left panel) andthe t-band has some amount of �u
tuations in K-distribution as well (
enter
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2562 M. Oi et al.panel). As the nu
leus rotates more rapidly, the K �u
tuation around high-and low-K 
omponents spreads and �nally there is an overlap between them(right panel). As a result, the 
orresponding state has very large �u
tuationin K. Semi-
lassi
ally, this state 
oupling low-K states with high-K 
an bepi
tured as the wobbling motion.We performed numeri
al 
al
ulations and 
on�rmed that the wobblingmodel 
an des
ribe the main features of the multi-bands 
rossing phenom-ena. Parti
ularly, our 
al
ulations 
an reprodu
e the 
oupling of low- andhigh-K 
omponents in the yrast and ex
ited bands through the 
rossing.(See Fig. 3.) Then, we propose an interpretation for the me
hanism of thesignature inversion through the wobbling model: �rst, as a result of therotation-alignment, the yrast line takes on the s-band 
hara
ter; then, the t-band approa
hes to the yrast line and inter-band intera
tions start betweeneven-I members of the t-band and members in the s-band, while odd-I mem-bers in the t-band are unperturbed be
ause there are no 
ounterparts in theyrast band. Thus, the even-I members are pushed up from the originalt-band sequen
e while the odd-Is keep staying in the sequen
e. This me
ha-nism 
an explain the signature inversion (and splitting) phenomena. At thesame time, the yrast line is pushed down through the inter-band intera
tion,and as a 
onsequen
e ba
kbending 
an be enhan
ed. The detailed resultsand dis
ussions are presented in our previous paper [4℄.
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rossing) and I = 16~(after 
rossing). See Ref. [4℄ for details.



Wobbling Motion in the Multi-Bands Crossing Region : : : 25633. Experimental investigations of the wobbling motionIn 182Os, there is an isomer with K� = 8�, and its rotational bandseems to be isolated. Thus, it is expe
ted to have a pure high-K (K = 8~)stru
ture (at least, no low-K 
omponent). Podolyák et al. [5℄ have measuredthe e�e
t of low-K 
omponents in the t-band (K� = 8+) by the 
omparisonof the transition rates between these two high-K bands (i.e., K� = 8+ and8�).Furthermore, it is hoped to identify the e�e
t of high-K 
omponents(K ' 8~) in the yrast line at high spin (I ' 24~), whi
h in�uen
es thetransition probability from the K� = 25+ isomer (having a very short halflife, T1=2 =130 ns) to the yrast line. (See Fig. 4.)
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Fig. 4. Transition from K� = 25+ to the yrast line [6℄.4. SummaryWe have investigated a me
hanism of signature inversion and splittingin the A ' 180 region by means of GCM-after-AMP on the tilted-axis-
ranked HFB states. With this method, we have qualitatively reprodu
edthe main features of the ex
ited level stru
ture in the high-K t-band. Weinterpret this result from the point of view of an inter-band intera
tionbetween the low-K (s-) and high-K (t-) bands. We have shown that theperturbed states have the 
hara
ter of wobbling motion, that is, a dynami-
al mode 
oupling low-K PAR (Prin
ipal-Axis Rotation) and high-K TAR(Tilted-Axis-Rotation) states. In terms of this wobbling model, we havedis
ussed an enhan
ement of ba
kbending in the A ' 180 region, in whi
hthe typi
al rotation-alignment is somewhat suppressed due to the lo
ationof the neutron Fermi level.
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