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Abstract 

The configuration dependent total energy surface in the rotating frame for the 

neutron rich new nucleus 185Hf, calculated with WoodsSaxon potential predicts a 

very stable oblate collective rotation, namely a 1 deformation or about -60", for 

the yrast high spin sta.tes. The stability of the oblate collective rotation is explained 

hased on the strong negative 1 deformation drive of the both valence quasiprotolls 

and '1uasineutrons toward 1 ~ -60". 

The collective rotational nuclei mostly have a prolate shape and some are fonnd to 

be triaxially deformed, but the oblate collective rotation. namely the 1 = -60", is very 

rarely obsen..ed in the nuclear yrnst spectroscopy. Therefore it is very interest.ing to 

search for this rotational mode which provides an important new phase to study the 

interplay hetween the collective rotation and the valence quasiparticle motion. A strotl~ 

, deformation drive of the 100~st rotating quasiparticle orbital toward 1 = -60" may he 

generated when the Fermi level lies in the upper part of a high-j shell according to the 

general role for the shape of rotating quasiparticle orbital The rather dear evidence 

for the oblate mlledive rot.a.t.ion. was found in t.he ali;ned rotntionnl hancls baserl on 

the 'i'l'(h l1 /'l)lV(h tl /l)2 r:onfiguration ohserved in 131La {2J. The ("xperimental reRl1lts for 

131La show the alie;nment of a pair of hl1/2 neutrons is the ori!!;in of the oblate ('oll"din" 

rotation sinr:e the Fermi le\'el of neutrons I!"is in the upper part of the hll/2 ~hell. The 

new neutron rkh n1\CI~l1S HISHf. rli~;eoW'rp,d ff'f"cnt.ly in LanZhou Lab. [3], may be a best 

candidate for the oblate ("Olledin~ rotational nuclei since both proton and neutron Fermi 

levels are in the upper part of a hi~h-j shdl. i13/2 and hlt /2 respectively. Indeed, the 

present calculation predicts a very stable oblate collective rotation for both the yrast 

band and the excited band st,ates. 

The total rOllthian surface (TRS) approach. for details see for an example ref.[4]. 

based on the cranked Hartree- Fork- Bo.~olyubov pquations (CHFB) and the Strutinsky 

met.hod [5], has been "ery successful in interpret.ing and predict.ing low energy nuclear 

structme phenomena, and it is a mi('roscopic theory with predictive power. Therefore it 

is natural to extend the TRS approach to studying the structure of nuclei far from the 

;3 stability line. such as 185Hf. The IUHniit.ollian (Iescribing a quasiparticle moving in a 

deformed potential rot.nt.in,!!; Rround t.he x- axis with a ,!;iw'm frequency w may be written 

as, 

HW H.•,. + Hr'l.ir J.JJn (1) 

where the H." clcnotr's t he deformed !'iin~l~ particle hamiltonian of whir;h the mean field is 

parameterized hy a rleformed '\Voods-Snxon pot!"ntial wit.h so called universal parnmeter 

set [6]. The nndcl'I.r shapes are described with t.he quadrupole (82,,) and hexadecapole 

UJd rleformat,ion pnrmneters in the pn~sent cl1.lcnlation. The H,'air stands for the pairing 

interaction. approximat.f>d hy a monopole pniring force with the strength computed at 

ench cleformation point I1sin~ the l1ver"g~ ~ap method {T]. At t.he rotational frequency 

w = 0 t,ile pairine; gnp .,),0 is rletf'rmined selfconsist,eutly hy solving the BeS equations. 

At hi.~h spins. J.J > O. the Coriolis force -w.J.., pO!'isesses the antipl1irin~ etfed which may 

he a.pproximated hy a r1e('reasill~ lHlirin!!; gap with increm;ing t..:. 

f .,),t'j(l O.5Iw/w,)2), if:.JJ < w~; 

.,),(Ct-.) = (2)
l 0.5~t'j(U!J...:)3/'2. if -.JJ > w,. 

The pairin~ gnp i!'i rc(I1H:!"d hy ;,hOl1t. ;)0% nt. !itA) = liu..'~ =0.7 :"lf~V M a rensonable nllne 

for tilt' mass l'!"!dou. Tit!" tnt.nt nmthinn "n('r!!y !':llrfa('!~. nnnwly the t.otal ent'r~ in Th€' 

rotatim:: frame 11S a function of the rif'fonn"tion t1~ :'Inn ~{, of nucleus (Z.N) for a ~i"en 
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quasiparticle configuration I' may be calculated by 

EIJ(Z, N,/3,. 'Y;w) = E'd(Z, N,/3" 'Y) + Eeorr(Z, N,/3" 'Y;w =0) 

+[< "': IHw I"': > - < "'~=O I Hili I \fI~=O >1. (3) 

Where the E'd is the liquid drop model energy {81, the Eeorr is the quantal effect correction 

to the energy, which includes both the shell correction {51 and the pairing correction [91. 

The term in the brackets describes the contribution to the energy due to rotation, which 

includes contributions from both the quasiparticle vacuum rotation and the rotating 

quasiparticles which belong to the configuration 1'. The excitation of these rotating 

valence quasiparticles could has a strong driving effect on the nuclear shapes and thus 

play an important role in the shape transition. The hexadecapole deformation 84 is fixed 

at a value corresponding to the minimum of the liquid drop energy at given (/31. 'Y) in 

the present calculation. The total routhian is thus minimized with respect to the 131 and 

deformations to obtain the equilibrium nuclear shape. 

The total routhian surfaces calculated for the yrast states of 185Hf are shown in 

Fig.l (a), (b) and (c) for liw = 0.1 MeV, 0.2 MeV and 0.4 MeV respectively. The well 

developed oblate shape minima in the TRS diagrams are found at around ,8, = 0.2 

and 'Y = -60° for the yrast states from low to very high rotational frequencies. i.e. 

from low to very high spins. These results indicate that the neutron rich new nucleus 

18!SHf is first of all a deformed nucleus both at the ground band states and the aligned 

band states. and secondly is an oblate collective rotor, namely the 'Y = -60°, which is 

surprisingly well established. The calculated total angular momenta of the yrast states 

at nw =0.1 MeV, 0.2 MeV and 0.4 MeV are 7.5n, 13.51i and 35.5n respectively. The 

oblate shape minimum emerged at around /31 = 0.2 and 'Y = -60° persist up to a very 

high frequency fiw ~ 0.6 MeV, the corresponding spin 1=52.5, until a strongly deformed 

but slightly triaxial shape with I~'l 0.4 and 'Y = 14° is established for the yrast state at. 

n.w 0.7 MeV, the correspondinl'; Rpin 1=78.5. vVe have never seen yet such a so l'itahle 

oblate eoUective rotation in anyone of observed nuclei. There are two factors which are 

important for understanding the formation of such a stable oblate collective rotat.ion. 
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First of all, the calculated total energy surfnce for the grollnd state, W = 0, presents the 

softness of the 'Y oeformntion in the region of 'Y from 60° to -90° at f3, ~ 0.2, this also 

can be seen by viewing the TRS din.gnun at a low frequency like Fig.1 (a). Secondly, 

the 'Y oriving force nf both lowf'st rotating quasiproton and quasineutron orbitals drives 

the nudens toward 'Y ~ -60°. This 'Y driving effect must be very strong because of a 

strong 'Y driving force acting on a 'Y-soft core. The 'Y deformation driving tendency of the 

odd neutron orbital in 185H f presents a strong negative 'Y drive toward -60° since the 

neutron Fermi level lies at the upper part of the i 13/, high-j shell. Because of this negatj, ': 

'Y drive of the i 13/2 neutron orhit-a.l the gro1tnd band states of IB5Hf ha.ve a equilibrium 

'Y deformation around -60°, as shown in Fig.l (a) and (b). Further' more, the lowest 

two quasiproton orbitals also have a very strong ne.gative 'Y driving force toward -60° 

for the same reason, namel)" the proton F~rmi level in 185Hf lies at the upper part of a 

shell Therefore, the alignment of a pair of protons occurring at higher 

spins in 185Hf lends to a 'Y drive to r = -600 and t.lutS the equilibrium 'Y deforma.tion of 

-60° could persist up to very high spins. In addition, the present calculation shows tha.l 

this strong negative 'Y orive of the htl/2 quasiprot.ons is t,he origin of t.he oblate collective 

rotation for the lowf'st negative parity band states in 18sHf. In order to investigate the 

two dimensional driving force of rotating quasiparticle orbitals in the (f31. 'Y) deformation 

plan. we introduce the quasiparticle routhian slllface (QRS). defined as the quasiparticle 

energy in the rotating frame a.c; a function of the 3, and 'Y deformations. The calculateo 

QRS of the three qua.'iiparticles :r(htt/'1flV(i13/2)1 which is the intrinsic configuration of 

the n.ligned yrnst bmul states of 185Hf is shown in Fig.l (rl). The deep minimum around 

(J'l == 0.2 and l' = -600 in Fig.l (d) demonstratE's a very stron!!; nel!;ative 'Y drive from 

'Y = 0 (prolate) to 'Y -60° (obla.te) in a /12 deformation range of 0.1 to 0.4. This is 

the driving force that is e!lsentially responsihlt' for t.he rlepp minimum shown in Fig.l (c) 

whirh indkates t.hf' !"tnhle ohlat.e ("Ollerti\'!~ rot.arion persisting lip to very hi~h spins in 

ISSUf. In fact, t.he !!;~nernl pattern. part.irnl"rly the 10(",,1 pnUE'rn around the minimum 

in Fi~.l (d. (~01l1d be nnrlerstoorl simpl~t hy ariding; t.he pattern of Fig.l (d) onto the 

patt(>rn of Fi~.l (a) or (h). 
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In summary, a surprisingly stable oblate collective rotation, i.e. "'( = -60°, in the neu

tron rich new nucleus l8sHf is predicted by the present TRS calculation and interpreted 

from the viewpoint of the very strong negative "'( drive toward "'( = -60°, generated by 

both proton and neutron quasiparticle orbitals when the Fermi level lies at the upper 

part of a high-j shell, as demonstrated by the introduced QRS diagram. It is expected 

that there must be more nuclei far from the {J stability line which could behave as the 

oblate collective rotors like l8sHf according to the mechanism discussed above. 

The work is supported by the National Natural Science Foundation of China. 
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Captions of Figures 

Fig.1 The contour plots of the total energy routhian surfaces for the yrast configu

ration of 185Hf, shown in the panel (a), (h) and (c) for nw = 0.1 MeV, 0.2 MeV and 

0.4 MeV respectively, wit,h the contour scale 1.0 Me V. The panel (d) is the contour 

plot of the quasiparticle energy rOllthinn surface of the three quasiparticle configura

tion ;r( h ll /2)2 v(i13/2)1 in 185Hf at nw = 0.2 MeV, with the contour scale 200 keV.The 

("oordinates are same for nil four panels. t.he ahscissa. ordinn.te and the axes of prolate 

(oblate) collective, "'( = 0" h = -60") and non-collective "'( = -120° ("'( = 60") rotation 

are indicated. The minima are indicated hy the heavy solid circles. 
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