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THE SHEARS MECHANISM IN 142GdIN THE SKYRME�HARTREE�FOCK METHODWITH THE TILTED-AXIS CRANKING�P. Olbratowskia;b, J. Dobazewskia, J. DudekbT. Rz¡a-Urban, Z. Marinkowska and R.M. LiederdaInstitute of Theoretial Physis, Ho»a 69, 00-681 Warsaw, PolandbInstitut de Reherhes Subatomiques, 23 rue du Loess, 67037 Strasbourg, FraneInstitute of Experimental Physis, Ho»a 69, 00-681 Warsaw, PolanddInstitut für Kernphysik, Foshungszentrum Jülih, 52425 Jülih, Germany(Reeived January 11, 2002)We report on the �rst Skyrme�Hartree�Fok alulations with the tilted-axis ranking in the ontext of magneti rotation. The mean �eld sym-metries, di�erenes between phenomenologial and self-onsistent methodsand the generation of shears-like strutures in the mean �eld are disussed.Signi�ant role of the time-odd spin�spin e�etive interation is pointedout. We reprodue the shears mehanism, but quantitative agreement withexperiment is rather poor. It may have to do with too large ore polariza-tion, lak of pairing orrelations or properties of the Skyrme fore.PACS numbers: 21.60.�n, 21.60.Jz1. IntrodutionIt is known, that if a quantum system exhibits rotational exitationsthere must be a fator breaking its spherial symmetry. In the nulear ase,deformation of the harge distribution is the most familiar one, and was theonly known till the early 1990's. In that period a new situation was found insome rotational bands of light lead isotopes. These bands are haraterizedby very weak E2 intra-band transitions, implying almost spherial shape,and strong M1 transitions, suggesting large magneti dipole moment as themain fator breaking spheriity. This is why the new phenomenon was giventhe name of magneti rotation, see Ref. [1℄ for a review.� Presented at the XXVII Mazurian Lakes Shool of Physis, Krzy»e, Poland,September 2�9, 2001. (389)



390 P. Olbratowski et al.The following mehanism is believed to underly the so-alled magnetidipole bands. At the band-head, the spin of the valene protons and that ofthe valene neutrons form the angle of 90Æ. When the system rotates, bothspins align towards the axis of rotation due to the gyrosopi e�et, resem-bling the losing of shears blades. Hene the name of the shears mehanism.The ranked mean-�eld is a tool suitable for desribing rotational exi-tations. There is a well established orrespondene between the spin-paritysequenes in rotational bands, and the disrete symmetries of the mean�eld [2℄. Properties of the standard E2 bands imply onservation of parityand signature. With these symmetries imposed, the ranking frequeny anbe applied only along the axis to whih the signature refers, and all average-spin vetors obtained from the solution point along this unique diretion.Suh a ase is alled the one-dimensional or prinipal-axis ranking. For themagneti dipole bands, the only onserved spatial symmetry is the parity. Inthe ontext of the mean �eld, this allows for any diretion of the ranking-frequeny and average-spin vetors whih omplies with the perpendiularorientation in the shears piture. Suh an approah is referred to as thetilted-axis ranking.There are two basi versions of the mean �eld approah � phenomeno-logial, employing a pre-de�ned potential, and self-onsistent, in whih thepotential is obtained from averaging a two-body e�etive interation. Up tonow, only the former one has been used for tilted-ranking alulations, withthe notable exeption of a self-onsistent alulation performed within therelativisti mean �eld applied to 84Rb [3℄. In the phenomenologial method,one an either �x the orientation of the potential and vary the diretion ofthe rotational frequeny vetor when minimizing energy or vie versa. The�rst possibility is used in existing odes. Self-onsistently, the orientation ofthe potential is not available as a parameter, and the only feasible way isto �x the ranking vetor and let the self-onsistent potential reorient andonform to it in ourse of the Hartree�Fok iterations.Although the phenomenologial desription of the shears bands has ledto a onsiderable suess, the self-onsistent methods have to be appliedin order to study suh strutures in more detail. This inludes the stabil-ity of the proposed on�gurations with respet to the ore exitation, thefull minimization of the underlying energies with respet to all deformationvariables, and the inlusion of the spin-urrent interations.2. The ode HFODDIn the present study, the self-onsistent solutions for rotational bands in142Gd were obtained with the new version (v1.91) of the ode HFODD [4℄.Previous versions are desribed in Ref. [5℄. The ode solves the nulear



The Shears Mehanism in 142Gd in . . . 391Hartree�Fok equations for the Skyrme e�etive interation. All time-evenand time-odd terms of the mean �eld an be inluded. The wave funtionsare expanded onto the deformed Cartesian harmoni-osillator basis. Foursymmetry modes are available, onserving either both parity and signature,only simplex, only parity, or no point symmetries. The ranking-frequenyvetor an take any diretion. If the solution beomes tilted with respetto the laboratory frame, the program �nds the prinipal axes of the massquadrupole moment and realulates all quantities in the orresponding in-trinsi frame. Pairing orrelations are not taken into aount.3. Results obtained for 142GdIt turns out, that the Skyrme�Hartree�Fok alulations with brokensignature are very vulnerable to divergenes and often parallel oupling ofangular momenta is obtained where a perpendiular one is expeted. We at-tribute these e�ets to overestimated strengths of the time-odd omponentsof the Skyrme mean �eld. Terms originating from the interation betweenintrinsi spins have a partiularly strong in�uene here. This observationomplies with what is known about the nulear spin�spin interation, thatit prefers parallel oupling. The terms in question are ~s 2 and ~s � �~s, seeRefs. [5, 6℄ for details. We tested the SKM* [7℄ and SLy4 [8℄ fores and ob-served a similar behavior in both ases. In the present alulations the SLy4parametrization was used and the time-odd oupling onstants orrespond-ing to ~s 2 (both density dependent and independent), ~s ��~s and ~s � ~T wereset to zero. Only the ones multiplying the terms ~j 2 and ~s � (r � ~j) werekept at the original values of the SLy4 parametrization, in order to onservethe loal gauge invariane of the fore [6℄.The nuleus 142Gd (Z = 64 and N = 78) belongs to the so-alled tran-sitional region of nulei, i.e., it has a small but non-negligible deformation� and a substantial triaxiality angle . It may, therefore, exhibit an in-terplay between the shears mehanism and the standard olletive rotation.Fig. 1 shows a partial level sheme of 142Gd taken from Ref. [9℄. Bandsdenoted by �h211=2 and �h�211=2, as well as the ground-state band, have theeletri quadrupole harater. Band denoted by �h211=2 �h�211=2 is a magnetidipole one.In our alulations all the four bands orrespond to the same triaxialdeformation of about � = 0:19 and  = 40Æ, that does not signi�antlyhange with rotational frequeny. It is known that spherial mean-�eldorbitals split with deformation. For oblate shapes the sub-orbitals with highNilsson number 
 (angular momentum projetion onto the symmetry axis)beome lower in energy than those with low 
. Our solution is lose to theoblate shape and we observe a similar behavior. In partiular, the lowest



392 P. Olbratowski et al.

407

628
1462

351

1013

366 667

379
10+

12+

14+

16+

18+

20+

22+

24+

26+

28+

30+

32+

34+

16+
17+
18+
19+
20+
21+
22+

 0+

 2+

 4+

 6+

 8+

10+

12+

14+

16+

10+

12+

14+

16+

18+

20+

22+

545

742

835

842

791

911

980

940

957

1122

1312

1447

373
361
427
381
301
264

515

694

794

756

651

694

799

911

592

1051

826

678

893

813

πh11/2
2

πh11/2
2 νh11/2

-2

gs

νh11/2
-2

142Gd

Fig. 1. Part of the 142Gd level sheme from Ref. [9℄.sub-orbitals of h11=2 have large alignments along the shortest axis of thenuleus and small alignments along the longest one. The opposite holds forthe highest sub-orbitals.In the ground state obtained from our alulations there are two protonsin h11=2 oupying its two lowest sub-orbitals. They arry alignments ofabout �11/2 along the shortest axis, so the sum of their angular momentaequals zero. When either of them is exited to the state of alignment �9/2,respetively, spin of 10 units along the shortest axis is obtained. This or-responds to the band-head of the band denoted as �h211=2 in Fig. 1. Byapplying the ranking �eld along this diretion one obtains the subsequentstates of the band. Analogous exitation of neutron holes yields spin 10,but along the longest axis, beause the holes are loated in the highest sub-orbitals of h11=2. This leads to the band marked as �h�211=2.



The Shears Mehanism in 142Gd in . . . 393When the neutron and proton exitations are ombined together, per-pendiular oupling is obtained, orresponding to the magneti dipole band�h211=2 �h�211=2. The single-partile routhians alulated for this band areshown in Fig. 2. Note, that they behave quite di�erently than in the one-dimensional ranking, namely, all omponents of h11=2 split strongly withrotational frequeny. The proton partiles and neutron holes responsible forthe two shears blades are marked by arrows.
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Fig. 2. Single-partile routhians in 142Gd alulated for the �h211=2 �h�211=2 on�gu-ration. The two proton and two neutron routhians responsible for the shears bladesare marked by arrows.Fig. 3 shows the angular momentum vetors for several ranking fre-quenies. Spins of the h11=2 protons and neutrons, that is, the shears blades(dashed lines), and ontributions from the remaining proton and neutronores (solid lines) are shown separately. Closing of the shears with rota-tional frequeny is learly visible. At the same time, polarization of the oreinreases rapidly. As expeted, both ores polarize in the diretion of thelongest axis, whih plays the role of the olletive one, beause the nuleusis approximately oblate. The angular momentum of the proton ore is muhlarger than that of the neutron one. The two ore subsystems di�er by thesix d5=2 neutrons, so the properties of this orbital may be responsible for theobtained asymmetry.
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Fig. 3. Angular momentum vetors in the plane spanned by the shortest and longestaxes of the nuleus. Proton and neutron ontributions are marked by the thik lineswith full arrowheads and thin lines with open arrowheads, respetively. Dashedlines denote the ontributions from the valene partiles in h11=2, that is, the shearsblades. Solid lines refer to the ore subsystems. Rotational frequeny ! is given inunits of MeV/~.Experimentally, ore polarization in 142Gd ertainly a�ets the proper-ties of the �h211=2 �h�211=2 band � it is observed up to spin 22, whih isby 2 units more than the two blades of spin 10 an aount for. Similarore-rotation e�ets have already been onsidered in the phenomenologialanalysis of the 197Pb shears band [10℄. It seems, however, that the orepolarization is too strong in our alulations, beause we an build the bandfar beyond the spin 22 without even ahieving zero angle between the shears.For example, solution for !=0.6MeV/~ illustrated in Fig. 3, orresponds toI'26. Another point is that the alulated moment of inertia is too large,see Fig. 4.
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