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DIRAC EQUATION FOR THE NUCLEAR MEAN-FIELDWITH A WOODS�SAXON POTENTIAL�Niolas Shunk and Jerzy DudekUniversité Louis Pasteur and Institut de Reherhes SubatomiquesF�67037 Strasbourg Cedex 2, Frane(Reeived Otober 17, 2000)We present some properties of the solutions to the Dira equation withWoods�Saxon potentials. The results obtained for spherial nulei are om-pared to those of the Relativisti Mean Field Theory. A possibility of verysigni�ant improvements in the desription of single-partile properties is il-lustrated, and the orresponding hoie of the parametrization is presented.PACS numbers: 21.60.�n, 21.60.Fw, 21.10.P, 21.30.�x1. IntrodutionRelativisti Mean Field (RMF) approah has rapidly beome a ratherwell-established theory. It ombines the advantages of a fully mirosopitreatment of the nuleus together with those of a relativisti approah (see [1℄for review). A wide variety of topis in nulear struture has been studiedby means of the RMF methods (see e.g. [2℄ and referenes therein).However, it is often stressed that the RMF remains a phenomenologialtool, due to the fat that some approximations, whih are rather di�ult toontrol in a su�ient detail, are made: indeed, some onstants are adjustedto reprodue the global properties of the nulei, and thus may di�er fromtheir experimental values known from the elementary partile physis, Fokterms are negleted, as well as the ontribution of possible additional mesons.The theory in its present state is therefore not really ompleted.On the other hand, it has been suggested already some time ago inRef. [4℄ that the results of the RMF an be approximated while the formalism(and the numerial alulations) an be simpli�ed when parametrizing thenulear potentials with e.g. Woods�Saxon funtions.� Presented at the XXXV Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 5�13, 2000.(1103)



1104 N. Shunk, J. DudekIn this short report, we are going to present some of the results obtainedby suh an approah, whih turns out to be extremely promising for a orretdesription of the single-partile properties in nulei.2. Brief overview of the formalismLet us start with the stationnary Dira equation for the nuleons:n ~� � ~̂p+ V (~r) + � �m02 + S(~r) �o n = "n n ; (1)where f~�; �g are the usual Dira 4�4 matries, m0 is the rest mass of thenuleon,  n are the eigenfuntions and "n the eigen-energies. Potentials V (~r)and S(~r) are alled, respetively, the vetor and salar potentials and, in theRMF theory they are alulated selfonsistently from their Klein�Gordonequations of propagation.One then introdues the so-alled e�etive-mass via:m�(~r) = m02 + 12 [S(~r)� V (~r)℄ : (2)It is possible to show that around the Fermi level, the Dira equation (1)may be expanded as a funtional of "=2m�(~r) (" being the single-partileenergy), within an error of less than 1%. This leads to the Shrödinger-likeequation for the �big omponent� of the Dira bi-spinor:� 12m�(~r) ~̂p 2 + Ven(~r) + Vp(~r) + VSO(~r)� �n = "n�n ; (3)where Ven(~r) is the entral- and VSO(~r) the spin-orbit potential:VSO(~r) = 2[2m�(~r)℄2 n~r(V � S) ^ ~po � ~s ; (4)and Vp(~r) is a potential that is linear in terms of the ~̂p operator [5℄.Sine all potentials depend only on V � S or V + S, it is possible toparametrize these two expressions instead of V and S separately. The pa-rameters of the orresponding Woods�Saxon funtions must be �tted to theexperimental data. We performed suh a �t for eight doubly magi spherialnulei, from 40Ca to 208Pb, and the results (for lead) are presented in Fig. 1.In our �t, we also required that the r.m.s. radii of eah nuleus areas lose as possible to the experimental values. For most of the 8 doublymagi nulei, the disrepany between the theoretial alulation and theexperimental value is less than 0.02 fm.
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Fig. 1. Proton single-partile levels for 20882Pb alulated by various methods.On the right-hand side of the experimental levels are the results of the RMF theoryfor 3 di�erent sets of parameters. On the very left are the results obtained withthe parametrization of Rost for the non-relativisti Woods�Saxon approah [3℄.The olumn marked �Dira� orresponds to our alulations. The numbers at thetop of the �gure are the root-mean-square deviations between theory and experi-ment. 3. Disussion of the parametrizationThis model is based on a simple parametrization of the nulear mean-�eld potentials. It has already been stressed in setion 2 that all potentialsdepend only on V � S or V + S, and thus that there are in priniple onlytwo sets of 6 parameters for eah kind of nuleons. However, we allowedthe e�etive-mass to have a di�erent parametrization from that of the spin-orbit potential, whih therefore leads to a total of 9 parameters for eah typeof nuleons. We show these parameters in Table I. We expet that theseTABLE IParameters of the potentials for the neutrons and the protons in the region of 20882PbVen VSO Ve�V0 ren aen �SO rSO aSO �e� re� ae�Neutrons 64.5 1.12 1.14 17.3 1.10 0.63 13.6 0.76 0.36Protons 74.4 1.19 1.13 16.2 1.14 0.53 13.2 0.80 0.34



1106 N. Shunk, J. Dudekextra degrees of freedom may improve the results by possibly orreting thee�ets of the assumptions made in the RMF theory whih are not ompletelyunder ontrol. A omparison between the �natural� (6 parameters) and the�extended� (9 parameters) parametrization is shown in Fig. 2.

Fig. 2. Neutron (left) and proton (right) single-partile levels for 20882Pb. The�gure illustrates the di�erene between the results obtained with the �natural�parametrization, with 6 parameters, on the left-hand side of eah �gure, and thoseof the extended parametrization, with 9 parameters, on the right-hand side.From the parameters obtained for eah doubly-magi nuleus, it is pos-sible to extrat a systemati dependene on the isospin and on the nulearmass. Suh a relation allows to get the optimal set of parameters for anynuleus in the nulear hart. We ould therefore extend our alulationsto deformed nulei. So far, band-head spins and parities have been investi-gated, and some preliminary results have been obtained for the moments ofinertia of nulei in mass A �150 (f. Molique, these proeedings p. 1107).REFERENCES[1℄ Y. K. Gambhir, P. Ring, A. Thimet, Ann. Phys. 198, 132 (1990).[2℄ A. Afanasjev, J. König, P. Ring, Nul. Phys. A608, 107 (1996).[3℄ E. Rost, Phys. Lett. B26, 184 (1968).[4℄ W. Koepf, P. Ring, Z. Phys A339, 81 (1991).[5℄ J. Dudek et al., Ata. Phys. Pol. B30, 770 (1999).


