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HIGH-K STATES IN 180Re�H.M. El-Masri, P.M. Walker, Zs. Podolyák, M. CaamañoDept. of Physis, University of Surrey, Guildford, GU2 7XH, UKG.D. Draoulis, A.P. Byrne, T. Kibédi, A.M. Baxter, J. HazelDept. of Nulear Physis, Australian National UniversityCanberra ACT, 0200, AustraliaA.M. Brue, J.N. Ore, A. EmmanoulidisShool of Engineering, University of Brighton, Brighton, BN2 4GJ, UKD.M. CullenDept. of Physis and Astronomy, University of Manhester, M13 9PL, UKand C. WheldonDept. of Physis, University of Liverpool, Liverpool, L69 7ZE, UK(Reeived Otober 29, 2002)The 180Re nuleus has been studied at high angular momentum usingthe 174Yb(11B,5n) reation at the Australian National University, with theCAESAR array for -ray detetion and the Super-E solenoid for eletron-onversion measurements. A � = 13 � 1 �s, 6-quasipartile isomer andtwo intrinsi states and their assoiated bands have been established. Thevalidity of the K quantum number is disussed.PACS numbers: 21.10.Re, 21.10.Tg, 23.20.Iv, 23.20.Nx1. IntrodutionIn the last few years there have been several attempts to measure andinterpret the high-spin struture of 180Re [1�3℄, yet signi�ant problems per-sist. The doubly odd nuleus 180Re exists lose to the edge of the rare-earth� Presented at the XXXVII Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 3�10, 2002.(2301)



2302 H.M. El-Masri et al.region of the periodi table where nulei are known to have well-deformedprolate shapes. Also nulei in that region have high-K orbitals lose tothe Fermi surfae (where K is the projetion of the angular momentumon the symmetry axis). Broken-pair states at high exitation energies areable to ompete favourably with olletive nulear rotation [4℄ in the gen-eration of angular momentum. The non-olletive states an be lassi�edby their quasipartile number, i.e. the number of unpaired nuleons takingpart in the exitation. In Ref. [1℄, studies of 180Re provided evidene for a6-quasipartile isomer whose half-life was not measured. The present workestablishes this isomer and its half-life, as well as two new rotational bandsassoiated with it. 2. ExperimentThe nuleus 180Re was populated up to spin �30 ~ with a 71 MeV, 11Bbeam from the 14UD pelletron aelerator at the Australian National Uni-versity. The 11B beam was inident on a self-supporting 174Yb target ofthikness 5 mg/m2. The emitted  rays were deteted using the CAESARarray whih onsists of six Compton-suppressed Ge detetors and two unsu-pressed planar LEPS. The latter are used for improved e�ieny in identify-ing low-energy  rays and X-rays. Conversion-eletron measurements wereundertaken using the Super-E eletron spetrometer [5℄.3. ResultsA partial level sheme of 180Re, depiting 4- and 6-quasipartile bands,is shown in �gure 1. A -ray spetrum for the K� = 22+ band is shownin �gure 2. A key part of the level sheme is the plaement of a 54 keVtransition, depopulating the K� = 15� bandhead. Also important is theonversion oe�ient for the 457 keV transition from the 6-quasipartileisomer, for whih �K = 0:0084(10), establishing its E1 harater. The theo-retial value for a 457 keV, E1 transition is �K = 0:0076. Evaluation of theon�gurations of the bands was done by omparing the experimentally deter-mined j gK � gR j =Q0 values, from -ray branhing ratios, with theoretialestimates from the Nilsson model. See Table I for results.The mean-life of the 6-quasipartile isomer is determined to be 13�1 �s,with the predominant deay going by a 457 keV, 4-fold K-forbidden E1 tran-sition. About 30% of the isomer deay proeeds by other pathways, whihare not shown in �gure 1. The 457 keV transition has a Weisskopf hindranefator of FW = 6 � 109, or, sine E1 transitions are typially hindered bya fator of 104, we may say that the e�etive K-hindrane is 6 � 105. Thelatter estimate orresponds to a hindrane per degree of K-forbiddenness of
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Fig. 1. Partial level sheme for 180Re showing the high-K bands, inluding the newK� = 21� and K� = 22+ bands.
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Fig. 2. Transitions in the K� = 22+ band, gated by the 424 keV transition inprompt oinidene.



2304 H.M. El-Masri et al.f� = (FW)1=� � 30. This is a substantial value, approximately the sameas, for example, for the E1 deay of the 8-quasipartile isomer in 178W [6℄.Even though 180Re is likely to be softer than 178W to axially asymmetridistortions, on aount of its lower number of valene nuleons, neverthelessthe K quantum number retains an important role in its high-spin struture.TABLE IExperimental and alulated j gK�gR j =Q0 values for the K�=21� and 22+ bandsin 180Re.K� Main on�gurationa j gK � gR j =Q0� � Expt. Cal.21� 7/2� 9/2+ 5/2� 5/2+ 9/2� 7/2+ 0.045�0.009 0.036�0.00722+ 7/2� 9/2+ 7/2+ 5/2+ 9/2� 7/2+ 0.033�0.003 0.032�0.009aCon�gurations: neutrons(�): 7/2�[514℄; 9/2+[624℄; 5/2�[512℄; 7/2+[633℄; protons(�):5/2+[402℄; 9/2�[514℄; 7/2+[404℄. In the theoretial alulations, an intrinsi quadrupolemoment of Q0 = 5:6 � 0:5 e.b and a gyromagneti ratio of gR = 0.30�0.05 taken fromRef. [1℄ have been used. 4. SummaryTwo new high-K, 6-quasipartile bands have been found in 180Re andassigned as K� = 21� and K� = 22+. These bands deay through theK� = 21� isomer, measured to have a 13 �s mean-life. The -ray branhingratios and assoiated j gK � gR j =Q0 values have been used to speify thequasipartile on�gurations of the states. The deay properties of the isomerindiate the important role of the K quantum number.REFERENCES[1℄ Ts. Venkova et al., Nul. Phys. A514, 87 (1990).[2℄ A.J. Kreiner et al., Phys. Rev. C36, 2309 (1987).[3℄ A.K. Jain et al., Pramana J. Phys. 43, 339 (1994).[4℄ P.M. Walker, G.D. Draoulis, Hyper�ne Interat. 135, 83 (2001).[5℄ T. Kibédi et al., Nul. Instrum. Methods Phys. Res. A294, 523 (1990).[6℄ C.S. Purry et al., Nul. Phys. A632, 229 (1998).


