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EFFECTS OF NEUTRON�PROTON INTERACTIONIN DOUBLY ODD DEFORMED NUCLEI�N. Ita
o, A. Covello and A. GarganoDipartimento di S
ienze Fisi
he, Università di Napoli Federi
o IIand Istituto Nazionale di Fisi
a Nu
leareComplesso Universitario di Monte S. AngeloVia Cintia, 80126 Napoli, Italy(Re
eived February 26, 2001)We have investigated the e�e
ts of the neutron�proton intera
tion inseveral doubly odd deformed nu
lei within the framework of the parti
le-rotor model. In this paper, we show some sele
ted results of our studywhi
h eviden
e the importan
e of the tensor-for
e e�e
ts.PACS numbers: 21.60.Ev, 27.70+q1. Introdu
tionAs is well known, the two most important e�e
ts asso
iated with theresidual intera
tion between the odd neutron and the odd proton in doublyodd deformed nu
lei 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 fa
t, thise�e
t may be tra
ed to dire
t 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�e
tive neutron�proton intera
tion inthe rare-earth region from the empiri
al values of GM splittings and N-shifts. In this 
ontext, the importan
e of the tensor-for
e e�e
ts for the Nshifts was pointed out [7℄. In the following years, however, this problemre
eived very little attention, a simple spin-dependent Æ for
e being adoptedin most 
al
ulations [8℄.In this situation, we found it interesting to 
arefully investigate the e�e
tsof the neutron�proton intera
tion in doubly odd deformed nu
lei fo
using� 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.(2479)
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o, A. Covello, A. Garganoattention on the role of the tensor for
e. To this end, we have studied[4, 9, 10℄ several doubly odd isotopes in the rare-earth region within theframework of the parti
le-rotor model. Here, we present only some sele
tedresults 
on
erning N-shifted K = 0 bands. As we shall see in Se
. 3, theexperimental data are very well reprodu
ed when using the 
entral plustensor for
e proposed by Boisson et al. [7℄.2. Outline of the model and 
al
ulationsWe assume that the unpaired neutron and proton are strongly 
oupledto an axially symmetri
 
ore and intera
t through an e�e
tive intera
tion.The total Hamiltonian is then written asH = H0 +HRPC +Hpp
 + Vnp : (1)The term H0 in
ludes the rotational energy of the whole system, the de-formed, axially symmetri
 �eld for the neutron and proton, and the intrinsi

ontribution 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 parti
le degrees of freedom through the rotational motion,respe
tively. Their expli
it expressions areHRPC = � ~22J (I+J� + I�J+) ; (3)Hpp
 = ~22J (j+n j�p + j�n j+p ) : (4)The e�e
tive neutron�proton intera
tion has the general formVnp = V (r)[u0+u1�p ��n+u2PM+u3PM�p ��n+VTS12+VTMPMS12℄ ; (5)with standard notation [7℄. In our 
al
ulations we have used a �nite-rangefor
e with a radial dependen
e V (r) of the Gaussian form as well as a zero-range for
e, V Ænp = Æ(r)[v0 + v1�p � �n℄ : (6)We have used the standard Nilsson potential [11℄ to generate the single-parti
le 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 dedu
ed for ea
h doubly odd isotope from the neighboring
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lei 2481even�even nu
leus while the single-parti
le energies for the odd proton andthe odd neutron and the rotational parameter ~22J have been derived fromthe experimental spe
tra of the two neighboring odd-mass nu
lei.To explore the role of the tensor for
e, we have performed two di�erent
al
ulations with the �nite-range intera
tion, with and without the tensorterms, respe
tively. In both 
ases for the parameters of the intera
tion wehave used the values determined by Boisson et al. [7℄ in their study of doublyodd nu
lei in the rare-earth region. As regards the Æ for
e, we have usedfor the strength of the spin-spin term v1 the value �0.20 MeV, whi
h leadsto the lowest possible disagreement between theory and experiment. Moredetails about the 
hoi
e of the parameters of the potentials as well as theirvalues 
an be found in Ref. [4℄.3. Results and 
omparison with experimentIn this se
tion, by way of illustration, we present some sele
ted resultsof our study. More pre
isely, we 
onsider three K = 0 bands 
orrespondingto di�erent intrinsi
 
on�guration identi�ed in 176Lu, 182Ta and 188Re, re-spe
tively. As regards the results 
on
erning the odd�even staggering e�e
t,they may be found in Refs. [4,9,10℄.In Fig. 1 we 
ompare the experimental spe
trum of the K� = 0�p72 [404℄-n72 [514℄ band in 176Lu [13℄ with the spe
tra obtained by using the Gaussianfor
e, with and without tensor terms, and the Æ for
e. We see that theright level order and an impressive agreement with experiment is obtainedwhen using the Gaussian for
e with tensor terms. The experimental N-shift(70 keV) is very well reprodu
ed (66 keV), and the largest dis
repan
y inthe ex
itation energies is only about 30 keV.The importan
e of the tensor for
e 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 
al
ulated N-shift [10℄ are 28, 1, and �6 keV, using the Gaussian for
ewith tensor terms, the Gaussian 
entral for
e, and the Æ for
e, respe
tively.These values are to be 
ompared with the experimental value of 26 keV [13℄.Finally, the three 
al
ulated spe
tra 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 for
e with tensor terms is able to give asatisfa
tory reprodu
tion of the experimental spe
trum. The 
al
ulated N-shift values are �62, �3, and �1 keV in 
ase (a), (b), and (
) respe
tively, tobe 
ompared with the experimental value of �54 keV.
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Fig. 1. Experimental and 
al
ulated spe
tra of the lowest K� = 0� band in 176Lu.The theoreti
al spe
tra have been obtained by using (a) a 
entral plus tensor for
ewith a Gaussian radial shape, (b) a Gaussian 
entral for
e, and (
) a Æ for
e.
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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.
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o, A. Covello, A. Gargano4. SummaryIn this paper, we have presented some sele
ted results of a parti
le-rotor model study of doubly odd deformed nu
lei in the rare-earth region.This work has been aimed at obtaining detailed information on the e�e
tiveneutron�proton intera
tion, with parti
ular attention fo
used on the role ofthe tensor for
e, whi
h has been negle
ted in most of the existing studies todate. The results of our 
al
ulations eviden
e the importan
e of this for
efor the des
ription of some relevant aspe
ts of the stru
ture of doubly odddeformed nu
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