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ROTATION OF SUPERDEFORMED EVEN�EVENNUCLEI �A.Ya. DzyublikInstitute for Nulear Researh, Kiev, Ukraine(Reeived Deember 1, 1998)Starting from the mirosopi Hamiltonian, we generalized the Bohr�Mottelson equation to desribe both the rotation and �-vibrations of su-perdeformed even-even axially symmetri nulei.PACS numbers: 21.10.Re, 21.60.-n, 27.70.+qA lot of papers (see e.g. [1℄) are devoted to investigation of the rota-tion with high spins of superdeformed nulei, whih are haraterized by thequadrupole deformation parameter �0 � 1. Their energy levels are usuallyalulated in the frameworks of the ranked shell model. But the familiarranking model deals only with stati deformation of the nulei and do nottake into onsideration any relation of the rotation and vibrations of thenulear shape. At the same time, this relation is desribed by the Bohr-Mottelson equation [2℄. Most expliitly the dependene of the rotation ofthe normally deformed nulei (�0 � 0:2� 0:3) on �-vibrations is revealed inthe Davydov-Chaban model [3℄. But its appliation to superdeformed nuleifaes with di�ulty that the Bohr-Mottelson equation is derived assumingsmall deviations of the nulear shape from the sphere, when � � 1. There-fore their generalization to the ase of arbitrary deformations seems to beatual.For this aim we shall use the kineti energy operator expressed [4℄ interms of independent olletive variables. As usually two frames were intro-dued. One of them x; y; z is the laboratory oordinate system and another�; �; � is the moving one with the axes direted along the prinipal axes ofthe inertia tensor of the nuleus. Then the projetions of the Jakobi vetors� Presented at the XXXIII Zakopane Shool of Physis, Zakopane, Poland, September1�9, 1998. (821)



822 A.Ya. Dzyublikof the nuleons ~qi on these axes obey the following onstraints:A�1Xi=1 qi�qi� = A�1Xi=1 qi�qi� = A�1Xi=1 qi�qi� = 0; (1)where A is the number of nuleons in the nuleus.The rotation of the nuleus is identi�ed with the rotation of the oor-dinate frame �; �; � , whose orientation with respet to x; y; z is determinedby the Euler angles '; �;  . Equation (1) is formally onsidered as the or-thogonality ondition for three vetors A� = (q1�; q2�; : : : ; qA�1;�); A� =(q1�; q2� ; : : : ; qA�1;�); and A� = (q1� ; q2� ; : : : ; qA�1;�) in an abstrat (A� 1)-dimensional spae. Three of intrinsi oordinates are de�ned as lengths ofthese vetors:a =sXi q2i� ; b =sXi q2i� ;  =sXi q2i� : (2)Others are the angles to speify rotation in the abstrat spae. We shallonsider only axially symmetri prolate nulei ( = 0) and introdue thenulear radius � and deformation parameter �:a = b = �p3 �1� �1 + � � 12 ;  = �p3 �1 + 2�1 + � � 12 ; (3)where � varies from 0 to 1. Negleting in the kineti energy operator,derived in [4℄℄, all the terms whih depend on the intrinsi angular variableswe �nd T̂ = � ~2m�20 (1 + �)3A=2�3(1 + 3�)A=2�2 1�3 ��� (1 + 3�)A=2�1(1 + �)3A=2�5 �3 ���+ ~23m�20�2 (1 + 3�=2)(1 + �)�Î2� + Î2�� : (4)The Hamiltonian of the nuleus will beĤ = T̂ + V (�); (5)where V (�) is a potential for �-vibrations.The Shr�odinger equation with the Hamiltonian given above oinideswith the Bohr-Mottelson equation for prolate axially symmetrial nuleusonly if � � 1. Its solution may be written as a produt of two fatorsdepending on � and �:	I(�; �) = "�3(1 + 3�)A=2�1(1 + �)3A=2�5 #�1=2 'I(�)jIM0i; (6)



Rotation of Superdeformed Even�Even Nulei 823where the funtionjIM0 >= 12r2I + 18�2 �DI0M (�) + (�1)IDI0M (�)� (7)desribes the rotation of an axially symmetrial rigid rotor with spin I, itsprojetion M on the axis z, and projetion K = 0 on the symmetry axis�; DI0M are the Wigner funtions. The funtion 'I(�) obeys the boundaryondition 'I(0) = 0 and the normalization onstraint1Z0 '2(�)�(�)d� = 1; (8)where �(�) = (1 + 3�)�1(1 + �)�2: (9)Substitution of (6) into (4) yields the equation for 'I(�):�� ~22B(�) �2��2 +WI(�)�EI�'I(�) = 0; (10)where the e�etive potential energy isWI(�) =W0(�) + ~26B(0)�2 (1 + 32�)(1 + �)I(I + 1); (11)with W0(�) = V (�) + (1 + �)3A=4�1=2�3=2(1 + 3�)A=4�3=2� ��� (�3(1 + 3�)A=2�1(1 + �)3A=2�5 ��� " (1 + �)3A=4�5=2�3=2(1 + 3�)A=4�1=2 #) : (12)For the mass parameter B(�) we �nd the expressionB(�) = B(0)�(�) ; B(0) = 12m�20: (13)Hereafter we neglet the dependene of � on � and take the value � =�(�0). The orresponding mass parameter is designated by B = B(�0).This proedure gives the relative error of the order of �, whih stands forthe softness parameter.



824 A.Ya. DzyublikBesides, we approximate W0(�) by the funtionW0(�) = C0 + C�20 � �202�2 � �0� � ; (14)where the onstant C0 determines the position of the potential well bottom.Introduing the notations� = �00� �00 = 4r ~2BC ; ! =rCB ; � = �00�0 ; (15)2ZI = 2�3 � 56�00�I(I + 1);l = 12 �r1 + 4�4 + 4�3 I(I + 1)� 1� ;one an rewrite equation (10) as� �2��2 � l(l + 1)�2 + 2ZI� + 2"I�'I(�00�) = 0: (16)Here 2"I is related to the energy by2"I = 2EI~! � 12�200�I(I + 1): (17)We see that (16) is formally the equation for the radial part of the wavefuntion of a harged partile bound in the Coulomb potential (see e.g. [5℄).This enables us to write immediately the energies asEIn� = �~!2 �Z2In2 � 12�00�I(I + 1)�+ C0; (18)where n� = 0; 1; 2; : : : determines the number of phonons for �-vibrations,and n = n� + l + 1. Note that the numbers l and n are not integers.REFERENCES[1℄ H.W.Cranmer�Gordon et al. Nul. Phys. A465, 506 (1987).[2℄ A.Bohr, B.Mottelson, Nulear Struture, vol.1, Benjamin, New York 1974.[3℄ A.Davydov, Exited States of Atomi Nulei, Atomizdat, Mosow 1967, inRussian.[4℄ A.Dzyublik, Preprint Inst.Theor.Phys. 71-122P, Kiev, 1971.[5℄ A.S.Davydov, Quantum Mehanis, Mosow 1973, in Russian.


