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E2 AND M1 STRENGTHS IN HEAVY DEFORMEDNUCLEI�J.P. Draayery, G. PopazDepartment of Physis and Astronomy, Louisiana State UniversityBaton Rouge, LA 70803-4001, USAand J.G. HirshxInstituto de Cienias Nuleares, Universidad Naional Autónoma de MéxioApartado Postal 70-543 Méxio 04510 DF, Méxio(Reeived February 13, 2001)Energy levels of the four lowest bands in 160;162;164Dy and 168Er, B(E2)transition strengths between the levels, and the B(M1) strength distribu-tion of the ground state, all alulated within the framework of pseudo-SU3model, are presented. Realisti single-partile energies and quadrupole�quadrupole and pairing interation strengths �xed from systematis wereused in the alulations. The strengths of four rotor-like terms, all smallrelative to the other terms in the interation, were adjusted to give anoverall best �t to the energy spetra. The proedure yielded onsistentparameter sets for the four nulei.PACS numbers: 21.60.Fw, 21.60.Cs, 27.70.+q1. IntrodutionExperimental nulear physiists, with improved equipment and teh-niques, ontinue to hallenge nulear theorists with interesting new phe-nomena. The measurement of new levels, some lying below 3MeV, raisesquestions about the nature of olletive exitations in atomi nulei. Eventhough heavy deformed nulei with A � 150 are good andidates for probing� Invited talk presented at the High Spin Physis 2001 NATO Advaned ResearhWorkshop, dediated to the memory of Zdzisªaw Szyma«ski, Warsaw, Poland,February 6�10, 2001.y e-mail: draayer�lsu.eduz e-mail: gabriela�phys.lsu.edux e-mail: hirsh�nuleu.unam.mx (2697)



2698 J.P. Draayer, G. Popa, J.G. Hirshsuh degrees of freedom, mirosopi alulations are very important to gain-ing a deeper understanding of the nature, for example, of low-lying exited0+ bands and K� = 4+ states. Of speial interest to us is the fragmentationof the ground state M1 strength distribution.Over the last several years, various properties of low-energy states in160Dy [1℄, 162Dy [2℄, 164Dy [3℄ and 168Er [3�5℄ as well as other rare earthnulei have been measured. In a reent artile, we presented a desription ofthe even-even 156;158;160Gd isotopes [6℄ within the framework of the pseudo-SU3 model. One of our main goals of the present study was to ontinueto test the Hamiltonian and obtain a onsistent set of parameters for alarger set of nulei. In order to ahieve this goal we �xed the strengths ofthe dominant terms in the interation: single-partile energies as well asthe two-body quadrupole-quadrupole and pairing interations. Four smallerterms were varied to ��ne tune� the results to experiment.In this paper we apply the pseudo-SU3 model to the normal parity bandsin 160;162;164Dy and 168Er. These nulei, as for the Gd isotopes studiedearlier, all exhibit well-developed rotational ground state bands as well asstates that are assoiated with low-lyingK� = 0+ andK� = 2+ bands. Herewe provide a theoretial desription for states of the low-lying bands in eahof these isotopes inluding B(E2) transition strengths between the statesand the ground state B(M1) strength distribution. As appropriate, we alsogive results for the K� = 4+ and K� = 1+ bands in some of these nulei.The theory yields a reasonable reprodution of the observed low-lying 1+states, the ground state M1 sum rule and its energy-weighted entroid, aswell as the observed fragmentation of the M1 strength but not to the samelevel of auray as for other properties.The Hamiltonian we used in the study is given in Setion 2. Exitationenergies, intra-band B(E2) transition strengths, and ground state B(M1)strength distributions are reported in Setion 3. Some onlusions thatfollow from the analysis are o�ered in Setion 4.2. Model spae and parametersThe nulei onsidered in the present alulations have losed shells atN� = 50 for protons and N� = 82 for neutrons. To build basis states, weonsidered an open osillator shell for eah (prinipal osillator quantumnumber �� = 4 for protons and �� = 5 for neutrons) along with their in-truder state omplements (h11=2 for protons and i13=2 for neutrons) eventhough partiles in these unique-parity intruder levels were only onsideredto renormalize the normal-parity on�gurations through the use of an e�e-tive harge. These osillator shells have a omplementary pseudo-harmoniosillator shell struture given by ~�� = �� � 1 (� = �; �). Approximately



E2 and M1 Strengths in Heavy Deformed Nulei 269920 pseudo-SU3 irreduible representations (irreps) with largest values of theseond order Casimir operator C2 (Q �Q = 4C2�3L2) were used in buildingthe basis states.We used the following realisti pseudo-SU3 Hamiltonian:H = H�sp +H�sp � 12�Q �Q�G�H�P �G�H�P+aJ2 + bK2J + a3C3 + asymC2 : (1)Strengths of the quadrupole-quadrupole (Q � Q) and pairing interations(H�P ) were �xed, respetively, at values typial of those used by other au-thors, namely, � = 35A5=3MeV, G� = 21=AMeV and G� = 19=AMeV. Thespherial single-partile terms in this expression have the formH�sp =Xi� (C�li� � si� +D�l2i�) : (2)Sine only pseudo-spin zero states were onsidered, matrix elements of thespin�orbit part of this interation vanish identially. Calulations were ar-ried out under the assumption that the single-partile orbit-orbit (l2) inter-ation strengths were �xed by systematis [7℄,D� = ~!���� (� = �; �) ; (3)where ~! = 41=A1=3 with �� and �� assigned their usual osillator values [7℄:�� = 0:0637 ; �� = 0:60�� = 0:0637 ; �� = 0:42 : (4)Relative exitation energies for states with angular momentum 0+ aredetermined mainly by the quadrupole-quadrupole interation. The single-partile terms and pairing interations mix these states. With the strengthof these interations �xed as in Table I, the 0+2 states lie very lose to theirexperimental ounterparts while the 0+3 states usually slightly above theexperimental ones. Of the four `free' parameters in the Hamiltonian, a wasadjusted to reprodue the moment of inertia of the ground state band, a3was varied to yield a best �t to the energy of the seond 0+ state (the energyof the third 0+ was not inluded in the �tting and as the results given belowshow these all fall slightly higher than their experimental ounterparts), asymwas adjusted to give a best �t to the �rst 1+ state, and b was �t to the valueof the band-head energy of the K� = 2+ band.In the rotational model the projetion K of angular momentum on thebody-�xed symmetry axis is a good quantum number. For eah intrinsi



2700 J.P. Draayer, G. Popa, J.G. HirshTABLE IParameters of the pseudo-SU3 Hamiltonian.Parameter 168Er 164Dy 162Dy 160Dy~! 7:40 7:49 7:52 7:55�� 10�3 6:84 7:12 7:27 7:42D� �0:283 �0:286 �0:287 �0:289D� �0:198 �0:200 �0:201 �0:202G� 0:125 0:128 0:130 0:131G� 0:101 0:104 0:105 0:106a �10�3 �2:1 �2:0 0:0 1:0b 0:022 0:00 0:08 0:10asym � 10�3 0:80 1:20 1:40 1:45a3 � 10�4 0:75 0:65 1:32 1:36state with a given value of K there is a set of levels withL = K; K + 1; K + 2; : : : :, exept for K = 0 when L is either even orodd depending on the intrinsi (D2) symmetry of the on�guration. Elliott[8℄ used group-theoretial methods to investigate lassi�ation shemes forpartiles in a three-dimensional harmoni osillator potential for whih theunderlying symmetry is SU3. He noted that the angular momenta in anirrep of SU3 an be grouped in a similar way to that of the rotor, the di�er-enes being that there are a �xed number of K values and that eah bandsupports a �nite number of L values rather than being of in�nite length.The angular momentum ontent of an SU3 irrep (�; �) an be sorted into Kbands aording to the following rule [9℄:K = min(�; �);min(�; �)� 2; : : : ; 1 or 0 ; (5)where L = (�+ �); (�+ �)� 2; : : : ; 1 or 0 (6)for K = 0 and L = K;K + 1;K + 2; : : : ; (�+ �)�K + 1 (7)for K 6= 0. Hene, the allowed angular momentum values in the leadingSU3 irrep for 160Dy with (28,8) are L = 0; 2; : : : ; 36 for the K = 0 band,L = 2; 3; : : : ; 35 for the K = 2 band, et.3. ResultsUsing the Hamiltonian and proedure desribed in the previous setion,good agreement was obtained between the experimental and alulated en-ergies of the �rst three low-energy bands in eah of the nulei onsidered.



E2 and M1 Strengths in Heavy Deformed Nulei 2701States in the ground-state, �rst exited K = 2 and �rst exited K = 0 bandswere all found to lie very lose to their experimental ounterparts. A seondexited K� = 0+ band was identi�ed at approximately 0:5MeV above itsexperimental ounterpart. As noted above, this level was not inluded inthe �tting proedure. Two other bands, K� = 1+ and K� = 4+, were alsoidenti�ed for eah of the nulei.As an be seen from Table I, the parameters that the �tting proedureyielded for the Dy isotopes vary smoothly from one nuleus to another. Infat all four of the `free' parameters derease as the mass number A inreases.Results were also generated for 168Er whih has one pair of protons morethan the Dy isotopes. Strengths of the interations in this ase are given inseond olumn of Table I. Sine A is larger for 168Er than for the Dy isotopes,one might expet even smaller values for the parameters, and while this iswhat is observed for a and asym, the extra proton pair requires values forb and a3 that are smaller than the ones for 160;162Dy but larger than thosefor 164Dy.Figure 1(a) shows the alulated and experimental [10℄ K = 0, K = 2 aswell as the �rst and seond exited K = 0 bands for 160Dy. The agreementbetween theory and experiment is exellent for the �rst three bands withrelative di�erenes between alulated and experimental energies being inall ases less than 7%. The model predits a ontinuation of the �rst exitedK = 0 band with two additional states of angular momentum 6 and 8 in160Dy. The seond exited K = 0 band is identi�ed to be about 0:5 MeVhigher than the experimental one. As for 160Dy, the agreement betweentheory and experiment is exellent for the �rst three bands in 162Dy and164Dy. Again, the seond exited K = 0 band is identi�ed at slightly higherenergy than the experimental one. The experimental and alulated energyspetra for these nulei are given in Figs. 1() and 1(e).The energy spetra for 168Er is given in Fig. 2(a). Even though thisnuleus has one additional pair of protons, the alulated energy spetrumexhibits the same behavior as in the Dy isotopes. The ground-state, K = 2,and �rst exited K = 0 bands are well reprodued. An angular momentum8 state is identi�ed as a ontinuation of the �rst exited K = 0 band. Theseond exitedK = 0 band is identi�ed and lies higher than the experimentalone. As Fig. 1 shows, the di�erene in energy between the alulated andexperimental band heads of the seond exited K = 0 bands inreases asthe mass number A inreases. For 160Dy and 162Dy the di�erene is about0.3MeV while for 164Dy it is about 0.5MeV, and for 168Er is about 0.65MeV.The states in the seond exited K = 0 band are well de�ned. The resultssuggest that it may be interesting to see how the parameters hange withhanging proton rather than neutron number.
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Exp. Th.   Exp. Th.   Exp. Th.   Exp. Th.Fig. 1. Left, energy spetra of 160Dy, 162Dy, and 164Dy obtained using Hamilto-nian (1). Right, theoretial and experimental M1 transition strengths from theJ = 0 ground state to the various J = 1 states. `Exp.' represents the experimentalresults and `Th.' the alulated ones.
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Fig. 2. Same as Fig. 1, but for 168Er.Colletive models have emerged as a result of attempts to reprodueexperimental observations with simple alulations. In the evolution of theSU3 model, and later the pseudo-SU3 model, one of the main motivations wasto ahieve a good desription of deformed nulei using a small on�gurationspae. In the present study the on�guration spaes are small omparedwith typial ones that are used in shell-model alulations based on m-sheme on�gurations. To provide a better understanding of the theory itis useful to take a loser look at the eigenvetors of the states in the fourbands under onsideration. This is done in Table II where the SU3 ontentof the alulated eigenvetors for states of the four lowest bands in 162Dyare given. The perentage distributions of eah eigenvetor aross the (�; �)values are given in the seond olumn. Only basis states that ontributemore than 2% are identi�ed. In the ground state band there is learly adominant SU3 irrep whih is the leading irrep in the oupling of the leadingproton and neutron SU3 irreps. An additional �ve irreps ontribute in totalwith about 40% to the eigenvetor strength. The same leading irrep is themost important in the K = 2 band, and as we will see later in the K = 4band. Again there are only about six irreps that ontribute more than about2% to the eigenvetors. The �rst exited K = 0 band exhibits a di�erentdominant SU3 irrep, namely 60% [(4; 10)�(18; 4)� ℄(22; 14) for 162Dy. Theseond exited K = 0 state is a strong mixture of two SU3-irreps, 47% of[(10; 4)�(20; 0)� ℄(30; 4) and 34% of [(10; 4)�(18; 4)� ℄(28; 8). As before, onlya ouple irreps ontribute to more than about 2% to the eigenvetors.The SU3 ontent of the eigenvetors is fairly onstant aross the stateswithin a band. The perentages vary slowly and smoothly from that of theband-head as one moves up the band to states with higher values of theangular momentum. To see this, the SU3 ontent of alulated eigenvetorsfor the states in the ground-state band in 162Dy are given in Table III. Onlythe basis states that ontribute to more than 2% are identi�ed.



2704 J.P. Draayer, G. Popa, J.G. Hirsh TABLE IISU3 ontent of alulated eigenvetors for states of the four low-lying band-headsin 162Dy. The perentage distributions of eah eigenvetor aross the (�; �) valuesare given in the seond olumn. Only basis states that ontribute more than 2%are identi�ed. J# Th. (�� ; ��) (�� ; ��) (�; �)01 59.3 ( 10, 4) ( 18, 4) ( 28, 8)6.5 ( 10, 4) ( 18, 4) ( 30, 4)20.1 ( 10, 4) ( 20, 0) ( 30, 4)7.1 ( 12, 0) ( 18, 4) ( 30, 4)2.7 ( 10, 4) ( 18, 4) ( 32, 0)3.0 ( 12, 0) ( 20, 0) ( 32, 0)0a 91.8 ( 4, 10) ( 18, 4) ( 22, 14)4.2 ( 10, 4) ( 20, 0) ( 30, 4)� ( 10, 4) ( 18, 4) ( 28, 8)� ( 10, 4) ( 20, 0) ( 30, 4)� ( 12, 0) ( 18, 4) ( 30, 4)0b 33.3 ( 10, 4) ( 18, 4) ( 28, 8)47.0 ( 10, 4) ( 20, 0) ( 30, 4)11.0 ( 12, 0) ( 20, 0) ( 32, 0)5.9 ( 4, 10) ( 18, 4) ( 22, 14)� ( 12, 0) ( 18, 4) ( 30, 4)2 81.4 ( 10, 4) ( 18, 4) ( 28, 8)5.2 ( 10, 4) ( 20, 0) ( 30, 4)4.6 ( 12, 0) ( 18, 4) ( 30, 4)4.5 ( 4, 10) ( 18, 4) ( 22, 14) TABLE IIISU3 ontent of alulated eigenvetors for the states in the ground-state band in162Dy using parameters from Table I. Only the basis states that ontribute morethan 2% are identi�ed.(�� ; ��) (�� ; ��) (�; �) 0 2 4 6 8( 10, 4) ( 18, 4) ( 28, 8) 59.3 59.3 59.4 59.6 61.9( 10, 4) ( 20, 0) ( 30, 4) 20.1 19.5 18.2 16.3 13.9( 10, 4) ( 18, 4) (30, 4) 6.5 6.2 5.7 4.9 4.0( 12, 0) ( 18, 4) ( 30, 4) 7.1 6.9 6.7 6.3 5.7( 10, 4) ( 18, 4) ( 32, 0) 2.7 2.6 2.3 � �( 12, 0) ( 20, 0) ( 32, 0) 3.0 2.9 2.8 2.5 2.1( 10, 4) ( 16, 5) ( 26, 9) � � � 3.2 3.5



E2 and M1 Strengths in Heavy Deformed Nulei 27053.1. B(E2) transitionsTheoretial and experimental [10℄ B(E2) transitions strengths betweenthe states in the ground state band in 162Dy are shown in Table IV. Theagreement between the alulated and experimental numbers is exellent.The B(E2; 21 ! 41) is equal to within 1% of the experimental value, andthe last two alulated B(E2) values di�er from the experimental valuesby less than 0.1 e2b2 whih is well within the experimental error. Exel-lent agreement with experimental B(E2) data is also observed in 160Dy and164Dy. Contributions to the quadrupole moments from the nuleons in theunique parity orbitals are parameterized through an e�etive harge [9℄, ef ,with e� = ef , and e� = 1 + ef , so the E2 operator is given by [9℄Q� = e�Q� + e�Q� : (8)Theoretial intra-band B(E2) transition strengths between the states in theK = 2 as well as the �rst and seond exited K = 0 bands are given inTable V. Note that the strengths of the transitions probabilities are onsis-tent aross all four bands (Tables IV and V). TABLE IVExperimental and theoretial B(E2) transition strengths between members ofground state band of 162Dy.Ji ! Jf B(E2; Ji ! Jf )(e2b2)Exp. Theory01 ! 21 5.134 � 0.155 5.13421 ! 41 2.675 � 0.102 2.63541 ! 61 2.236 � 0.127 2.32561 ! 81 2.341 � 0.115 2.201 TABLE VTheoretialB(E2) transition strengths, in (e2b2) units, between states of theK = 2,K = 02, and K = 03 bands of 162Dy. The states are labeled with the subindex for the K = 2 band, a, and b for the �rst and seond exited K = 0 bands.band Ji ! Jf B(E2) band Ji ! Jf B(E2) band Ji ! Jf B(E2)K = 2 2 ! 3 2.480 K = 02 0a ! 2a 4.193 K = 03 0b ! 2b 3.5172 ! 4 1.060 2a ! 4a 2.272 26 ! 4b 1.9013 ! 4 1.630 4a ! 6a 2.153 4b ! 6b 2.0174 ! 5 1.145 6a ! 8a 2.175 6b ! 8b 2.0304 ! 6 1.6255 ! 6 0.7166 ! 7 0.6076 ! 8 1.685



2706 J.P. Draayer, G. Popa, J.G. Hirsh3.2. M1 transitions and the K = 1+1 bandAnother test for the theory is the M1 transition strength distributionsthat an be obtained using eigenvetors of the diagonalized Hamiltonian (1).The alulated and experimental M1 strength distributions for the Dy nuleiare given in Figs. 1(b), (d), and (f). The alulated M1 strength distributionfor 168Er is given in Fig. 2(b). For illustrative purposes, the energies andM1 transition spetra are given opposite one another.The starting point for a geometri interpretation of the sissors modewithin the framework of the SU3 shell model is the well-known relation ofthe SU3 symmetry group to Rot(3), the symmetry group of the rotor [11,12℄.The struture of the intrinsi Hamiltonian allows for a rotor-model interpre-tation of the oupled SU3 irreps (��; ��) and (�� ; ��) for protons and neu-trons, respetively. Aording to the Littlewood rules [13℄ for oupling Youngdiagrams, the allowed produt on�guration an be expressed in mathemat-ial terms by using three integers (m; l; k):(��; ��)
 (�� ; ��) = �m;l;k(�� + �� � 2m+ l; �� + �� � 2l +m)k ; (9)where the parameters l and m are de�ned in a �xed range given by thevalues of the initial SU3 representations. In this formulation, k serves todistinguish between multiple ourrenes of equivalent (�; �) irreps in thetensor produt. The number of k values is equal to the outer multipliity,�max (k = 1; 2; : : : ; �max). The l and m labels an be identi�ed [14℄ withexitation quanta of a two-dimensional osillator involving relative rotations(�, the angle between the prinipal axes of the proton and neutron system,and �, the angle between semi-axes of the proton and neutron system) ofthe proton�neutron system, m = n� ; l = n� : (10)These orrespond to two distint types of 1+ motion, the sissors and twistmodes, and their realization in terms of the pseudo-SU3 model.The SU3 irreps obtained from the tensor produt (9) that ontain a J� =1+ state are those orresponding to (m; l; k) = (1; 0; 1); (0; 1; 1); (1; 1; 1),and (1; 1; 2). A pure SU3 piture gives rise to a maximum of four 1+ statesthat are assoiated with the sissors, twist, and double degenerate sissors-plus-twist modes [(1,1,1) and (1,1,2)℄ [14℄. Results for the Dy isotopes,assuming a pure pseudo-SU3 sheme, are given in Table VII.The experimental results [10℄ given in Figs. 1(b), (d), and (f) suggest amuh larger number of 1+ states with non-zero M1 transition probabilitiesfrom the 0+ ground state. The SU3 breaking residual interations lead toa fragmentation in the M1 strength distribution, sine the ground state0+ is in that ase a ombination of several SU3 irreps, eah with allowed



E2 and M1 Strengths in Heavy Deformed Nulei 2707TABLE VITotal B(M1) strength from experiment [10℄ and the present alulation.Nuleus PB(M1)[�2N ℄Experiment CalulatedPure SU3 Theory160Dy 2.48 4.24 2.32162Dy 3.29 4.24 2.29164Dy 5.63 4.36 3.05 TABLE VIIB(M1) transition strengths [�2N ℄ in the pure symmetry limit of the pseudo SU3model. The strong oupled pseudo-SU3 irrep (�; �)gs for the ground state is givenwith its proton and neutron sub-irreps and the irreps assoiated with the 1+ states,(�0; �0)1+ . In addition, eah transition is labeled as a sissors (s) or twist (t) orombination mode.Nuleus [(��; ��) (�� ; ��) (�; �)℄gs (�; �)1+ B(M1) mode160�162Dy (10,4) (18,4) (28,8) ( 29, 6) 0.56 t( 26, 9) 1.77 s(27; 7)1 1.82 s+t(27; 7)2 0.083 t+s164Dy (10,4) (20,4) (30,8) (31,6) 0.56 t(28,9) 1.83 s(29; 7)1 1.88 s+t(29; 7)2 0.09 t+sM1 transitions to other SU3 irreps. Overall, the total M1 strength is inreasonable agreement with the experimental results (Table VI). In 164Dythe total M1 strength is slightly underestimated, whih may be due to spinadmixtures in the wavefuntion, whih is not inluded in this work.Aording to Eq. (5), and depending upon the values of the (�; �) irreps,there are severalK = 1 bands. Sine we are interested in M1 transitions fromthe ground state to the 1+ states, several (�; �) that allow K = 1 states areinluded in the on�guration spae. As a result, the model predits severalK = 1 bands. The �rst alulated K� = 1+ state lies very lose to the �rstexperimental one (the numbers are idential in the �rst three digits) in 160Dyand 162Dy. Moreover, this being the band-head of aK� = 1+ band, the band



2708 J.P. Draayer, G. Popa, J.G. Hirsh TABLE VIIIThe experimental and alulated energies of the K = 1 band in 162Dy using pa-rameters from Table I. The B(E2) transition probabilities are given in the seondolumn. The energy of the J = 1 state is given in the �rst row.Ji ! Jf B(E2; Ji ! Jf ) Energy(Jf ) [MeV℄(e2b2) Exp. Th.1.746 1.74911 ! 25 1.312 1.783 1.79725 ! 33 0.944 1.840 1.90525 ! 45 1.170 1.904 1.94145 ! 53 0.802 � 1.99345 ! 64 0.648 � 2.06664 ! 72 1.291 � 2.15064 ! 84 1.203 � 2.292is also remarkably well desribed. The alulated and experimental energiesof the K� = 1+ band in 162Dy are given in Table VIII together with theB(E2) transition strengths. A few additional states of angular momentum5, 6, 7, and 8 are predited as members of the �rst K = 1 band in 162Dy.3.3. K� = 4+1 bandIn the pure SU3 symmetry limit there are no interation terms that mixstates of di�erent (�; �) irreps. The energies of the nonzero band-heads asso-iated with nonzero K values are then �xed, by-in-large by the b parameter(though band mixing within an irrep is allowed this is normally small, van-ishing in the limit of large prolate on�gurations). A simple exerise yieldsa value of 22 � b for the K = 2, J = 2 state and a value of 42 � b for theK = 4, J = 4 state. If, for example, we assume the b value from Table Ifor 160Dy, the values for these two states would be 0.4MeV for JK = 22 and1.6MeV for JK = 44, respetively. However, in the present version of themodel these states are mixed due primarily to the single-partile energiesand pairing interations. In the present alulations the b parameter wasadjusted to give a best �t to the band-head of the K = 2 state only, yieldinga value of 2.29MeV for the band-head of the K = 4 band in 162Dy, whih isonly slightly higher than the experimental value.In these nulei there is an experimentally known low-lying K� = 4+band. A omparison between the experimental and alulated energies isgiven in Table IX together with B(E2) transition probabilities for 162Dy.One additional state of total angular momentum 8 is identi�ed as a member



E2 and M1 Strengths in Heavy Deformed Nulei 2709TABLE IXExperimental and alulated energies of states of the angular momentum indiatedby the right-side entry of the �rst olumn for members of the K = 4 band of 162Dy.The B(E2) transition probabilities are given in the last olumn. The energy of theJ = 4 band-head is given in the �rst row.Ji ! Jf Energy(Jf ) [MeV℄ B(E2; Ji ! Jf )Exp. Th. (e2b2)46 1.536 1.97746 ! 54 1.634 2.168 0.36046 ! 66 1.752 2.209 0.97666 ! 74 1.888 2.514 0.12566 ! 86 � 2.527 1.784 TABLE XExperimental and alulated energies of states of the indiated angular momentumgiven by the right-side entry of the �rst olumn for members of the K = 4 bandin 164Dy. The B(E2) transition probabilities are given in the last olumn. Theenergy of the J = 4 band-head is given in the �rst row.Ji ! Jf Energy(Jf ) [MeV℄ B(E2; Ji ! Jf )45 2.173 1.83645 ! 54 � 1.944 1.14745 ! 67 � 2.124 0.493of the K = 4 band, by both a strong B(E2) transition to the state of angularmomentum 6 and through similar SU3 ontent with the other states in thisband. In the 164Dy ase there is an experimentally known K = 4 state at2.173MeV. The theory predits a K = 4 state at lower energy (1.836MeV)and moreover aording to the theory it should be a band-head.4. ConlusionsThis study of 160;162;164Dy and 168Er shows that pseudo-spin zero neu-tron and proton on�guration with a relatively few pseudo-SU3 irreps withlargest C2 values su�es to obtain good agreement with known experimentalresults. The Hamiltonian that was used inluded single-partile energies, thequadrupole-quadrupole interation, and neutron and proton pairing terms,all with strengths �xed by systematis, plus four smaller rotor-like termswith strengths that were varied to maximize agreement with observations.A onsistent set of `free' parameters was obtained. The results generatedextended beyond quantities that were used in the �tting proedure, inlud-
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