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EFFECTS OF NEUTRON�PROTON INTERACTIONIN DOUBLY ODD DEFORMED NUCLEI�N. Itao, A. Covello and A. GarganoDipartimento di Sienze Fisihe, Università di Napoli Federio IIand Istituto Nazionale di Fisia NuleareComplesso Universitario di Monte S. AngeloVia Cintia, 80126 Napoli, Italy(Reeived February 26, 2001)We have investigated the e�ets of the neutron�proton interation inseveral doubly odd deformed nulei within the framework of the partile-rotor model. In this paper, we show some seleted results of our studywhih evidene the importane of the tensor-fore e�ets.PACS numbers: 21.60.Ev, 27.70+q1. IntrodutionAs is well known, the two most important e�ets assoiated with theresidual interation between the odd neutron and the odd proton in doublyodd deformed nulei are the Gallagher�Moszkowski (GM) splitting [1℄ andthe Newby (N) shift [2℄. In addition relevant information may be providedby the study of the odd�even staggering in K 6= 0 bands [3, 4℄. In fat, thise�et may be traed to diret Coriolis oupling of K 6= 0 bands with one ormore N-shifted K = 0 bands.As early as some thirty years ago, several e�orts [5-7℄ were made toobtain detailed information on the e�etive neutron�proton interation inthe rare-earth region from the empirial values of GM splittings and N-shifts. In this ontext, the importane of the tensor-fore e�ets for the Nshifts was pointed out [7℄. In the following years, however, this problemreeived very little attention, a simple spin-dependent Æ fore being adoptedin most alulations [8℄.In this situation, we found it interesting to arefully investigate the e�etsof the neutron�proton interation in doubly odd deformed nulei fousing� Presented at the High Spin Physis 2001 NATO Advaned Researh Workshop, ded-iated to the memory of Zdzisªaw Szyma«ski, Warsaw, Poland, February 6�10, 2001.(2479)



2480 N. Itao, A. Covello, A. Garganoattention on the role of the tensor fore. To this end, we have studied[4, 9, 10℄ several doubly odd isotopes in the rare-earth region within theframework of the partile-rotor model. Here, we present only some seletedresults onerning N-shifted K = 0 bands. As we shall see in Se. 3, theexperimental data are very well reprodued when using the entral plustensor fore proposed by Boisson et al. [7℄.2. Outline of the model and alulationsWe assume that the unpaired neutron and proton are strongly oupledto an axially symmetri ore and interat through an e�etive interation.The total Hamiltonian is then written asH = H0 +HRPC +Hpp + Vnp : (1)The term H0 inludes the rotational energy of the whole system, the de-formed, axially symmetri �eld for the neutron and proton, and the intrinsiontribution from the rotational degrees of freedom. It readsH0 = ~22J (I2 � I23 ) +Hn +Hp + ~22J [(j2n � j2n3) + (j2p � j2p3)℄ : (2)The two terms HRPC and Hpp in Eq. (1) stand for the Coriolis oupling andthe oupling of partile degrees of freedom through the rotational motion,respetively. Their expliit expressions areHRPC = � ~22J (I+J� + I�J+) ; (3)Hpp = ~22J (j+n j�p + j�n j+p ) : (4)The e�etive neutron�proton interation has the general formVnp = V (r)[u0+u1�p ��n+u2PM+u3PM�p ��n+VTS12+VTMPMS12℄ ; (5)with standard notation [7℄. In our alulations we have used a �nite-rangefore with a radial dependene V (r) of the Gaussian form as well as a zero-range fore, V Ænp = Æ(r)[v0 + v1�p � �n℄ : (6)We have used the standard Nilsson potential [11℄ to generate the single-partile Hamiltonians Hn and Hp. The parameters � and � have been �xedby using the mass-dependent formulas of Ref. [12℄. The deformation param-eter �2 has been dedued for eah doubly odd isotope from the neighboring



E�ets of Neutron�Proton Interation in Doubly Odd Deformed Nulei 2481even�even nuleus while the single-partile energies for the odd proton andthe odd neutron and the rotational parameter ~22J have been derived fromthe experimental spetra of the two neighboring odd-mass nulei.To explore the role of the tensor fore, we have performed two di�erentalulations with the �nite-range interation, with and without the tensorterms, respetively. In both ases for the parameters of the interation wehave used the values determined by Boisson et al. [7℄ in their study of doublyodd nulei in the rare-earth region. As regards the Æ fore, we have usedfor the strength of the spin-spin term v1 the value �0.20 MeV, whih leadsto the lowest possible disagreement between theory and experiment. Moredetails about the hoie of the parameters of the potentials as well as theirvalues an be found in Ref. [4℄.3. Results and omparison with experimentIn this setion, by way of illustration, we present some seleted resultsof our study. More preisely, we onsider three K = 0 bands orrespondingto di�erent intrinsi on�guration identi�ed in 176Lu, 182Ta and 188Re, re-spetively. As regards the results onerning the odd�even staggering e�et,they may be found in Refs. [4,9,10℄.In Fig. 1 we ompare the experimental spetrum of the K� = 0�p72 [404℄-n72 [514℄ band in 176Lu [13℄ with the spetra obtained by using the Gaussianfore, with and without tensor terms, and the Æ fore. We see that theright level order and an impressive agreement with experiment is obtainedwhen using the Gaussian fore with tensor terms. The experimental N-shift(70 keV) is very well reprodued (66 keV), and the largest disrepany inthe exitation energies is only about 30 keV.The importane of the tensor fore is on�rmed, as shown in Fig. 2, whenstudying the K� = 0�p72 [404℄n72 [503℄ band in 182Ta. In this ase, the valuesof the alulated N-shift [10℄ are 28, 1, and �6 keV, using the Gaussian forewith tensor terms, the Gaussian entral fore, and the Æ fore, respetively.These values are to be ompared with the experimental value of 26 keV [13℄.Finally, the three alulated spetra for the K� = 0+p92 [514℄n92 [505℄band in 188Re are ompared with the experimental one [13℄ in Fig. 3. Alsoin this ase only the Gaussian fore with tensor terms is able to give asatisfatory reprodution of the experimental spetrum. The alulated N-shift values are �62, �3, and �1 keV in ase (a), (b), and () respetively, tobe ompared with the experimental value of �54 keV.
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Fig. 1. Experimental and alulated spetra of the lowest K� = 0� band in 176Lu.The theoretial spetra have been obtained by using (a) a entral plus tensor forewith a Gaussian radial shape, (b) a Gaussian entral fore, and () a Æ fore.
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Fig. 2. Same as Fig. 1, but for the lowest K� = 0� band in 182Ta.

Fig. 3. Same as Fig. 1, but for the lowest K� = 0+ band in 188Re.



2484 N. Itao, A. Covello, A. Gargano4. SummaryIn this paper, we have presented some seleted results of a partile-rotor model study of doubly odd deformed nulei in the rare-earth region.This work has been aimed at obtaining detailed information on the e�etiveneutron�proton interation, with partiular attention foused on the role ofthe tensor fore, whih has been negleted in most of the existing studies todate. The results of our alulations evidene the importane of this forefor the desription of some relevant aspets of the struture of doubly odddeformed nulei. REFERENCES[1℄ C.J. Gallagher, S.A. Moszkowski, Phys. Rev. 111, 1282 (1958).[2℄ N.D. Newby, Jr., Phys. Rev. 125, 2063 (1962).[3℄ A.K. Jain, J. Kvasil, R.K. Sheline, R.W. Ho�, Phys. Rev. C40, 432 (1989).[4℄ A. Covello, A. Gargano, N. Itao, Phys. Rev. C56, 3092 (1997).[5℄ H.D. Jones, N. Onishi, T. Hess, R.K. Sheline, Phys. Rev. C3, 529 (1971).[6℄ D. Elmore, W.P. Alford, Nul. Phys. A273, 1 (1976).[7℄ J. P. Boisson, R. Piepenbring, W. Ogle, Phys. Rep. 26, 99 (1976).[8℄ W. Reviol et al., Phys. Rev. C59, 1351 (1999), and referenes therein.[9℄ N. Itao, A. Covello, A. Gargano, in Highlights of Modern Nulear Struture,ed. A. Covello, World Sienti�, Singapore 1999, p. 451.[10℄ N. Itao, A. Covello, A. Gargano, in Proeedings of the VIII Convegno suProblemi di Fisia Nuleare Teoria, Cortona, 2000, World Sienti�, Singa-pore, 2001, in press.[11℄ C. Gustafson, I.L. Lamm, B. Nilsson, S.G. Nilsson, Ark. Fys. 36, 613 (1967).[12℄ S.G. Nilsson, C.F. Tsang, A. Sobizewski, Z. Szymánski, S. Wyeh,C. Gustafson, I.-L. Lamm, P. Möller, B. Nilsson, Nul. Phys. A131, 1 (1969).[13℄ NNDC On-Line Data Servie from ENSDF database.


