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HIGH SPIN STRUCTURES INA � 100 AND 140 MASS REGIONS�E.W. Cybulska, J.R.B. Oliveira, M.A. Rizzutto, R.V. RibasN.H. Medina, W.A. Seale, M.N. Rao, F.R. Espinoza-QuiyJ.A. Alántara-Núñez and F. Falla-SoteloInstituto de Físia, Universidade de São PauloSão Paulo, Brazil.(Reeived Otober 31, 2000)High spin strutures were studied in the 105Rh and 136La nulei usingthe 100Mo(11B,�2n)105Rh and 128Te(11B; xn)136La reations respetively.DCO ratios, ��� and � oinidenes were measured. Four new bandswere identi�ed in 105Rh and three in 136La. The results were interpretedwith the CSM.PACS numbers: 23.90.+w 1. IntrodutionIn the A � 100 and 130�140 mass regions the neutron and proton, whihoupy high-j subshells show similar harateristis. Valene nuleons whihlie at the top of the subshell exert a driving fore towards a olletivelyrotating oblate shape, while those at the bottom tend towards olletiveprolate deformations. The ompetition between driving fores results in avariety of nulear shapes and shape transitions. The Gamma SpetrosopyGroup of the University of São Paulo has been studying the odd and odd�odd nulei for Z = 45, 47, 57 and 59. The results of this researh have beenpresented in referenes [1℄ and [2℄. Reently, a renewal of interest in thesemass regions has appeared due to the theoretial preditions based on theTilted Axis Cranking model, whih indiate a possible existene of hiralbands in triaxial nulei (A � 130) [3℄ and magneti rotational bands [4℄,whih appear in nearly spherial nulei suh as in the A � 100 regions.� Presented at the XXXV Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 5�13, 2000.y Permanent Address: Centro de Engenharia e Ciênias Exatas, Universidade Estadualdo Oeste do Paraná, Toledo, PR, Brazil.(929)



930 E.W. Cybulska et al.Experimentally the former are observed as two nearly degenerate bands withstrong M1 and E2 transitions, while the latter as bands with very strong M1and very weak E2 transitions. In view of the above, we have returned tostudy the La isotopes and also to repeat the 105Rh measurements with animproved apparatus.2. Experimental details and resultsThe beam was provided by the 9 MV Pelletron Tandem. The experi-mental setup onsists of 4 GeHP Compton suppressed detetors (PERERE).Two of the detetors with 60 % e�ieny were plaed at 37Æ and 260Æ whilethe remaining ones with 20 % e�ieny were set at 100Æ and 323Æ withrespet to the beam. For experiments where the neutron hannels are thestrongest, suh as 136La, a multipliity �lter of 8 NaI(Tl) was plaed loseto the target hamber. In order to identify the harged partile evaporationhannels (suh as 105Rh) a 4� partile anillary sintillator system SACIwas built in this laboratory. This detetor onsists of 11 phoswhih plastiE � �E telesope sintillators housed in an aluminium asing of a semi-regular polyhedral shape, with 12 pentagonal and 20 triangular sides. TheBC-400 plasti 0.1mm thik was used for the �E and a BC-444 plasti10 mm thik for the E detetor. The overall geometrial e�ieny of thissystem is 76 %.The 100Mo(11B; �2n)105Rh reation was used at 43 MeV beam energy,with a thik isotopially enrihed target. The ��� oinidenes and theDCO ratios were measured. The level sheme, Fig. 1, shows four previouslyknown bands (1�4) [2℄, three of them (1, 2 and 4) extended to higher spinsand four new bands A to D observed for the �rst time. The spins wereassigned on the basis of DCO measurements and systematis.The 136La was produed in a 128Te(11B; xn)136La reation at 48 MeVbeam energy. A thik, isotopially enrihed target, on a lead baking wasused. The � oinidenes and the DCO ratios were measured. Priorto this work, the nuleus 136La was investigated using (p; 3n) reation [5℄,where the spin of 8+ or 7+ was assigned to the 114 ms isomeri state. Figure2(a) shows the level sheme of the present work, omposed of three bands,tentatively plaed on the 114 ms isomeri state. Sine the 136La level shemeis very similar to that of its isotone 138Pr [1℄ and to the other odd�odd Laand Pr isotopes, the assignment of the spins to the levels and of the bandon�gurations was based on the systematis of this mass region, as well asCranking Shell Model (CSM) preditions and the measured DCO ratios.
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Fig. 1. 105Rh level sheme showing the new bands A to D. The bands 1, 2 and 4,known from [2℄, were extended to higher spins.
0

10

20

30

132

57
La

134

57
La

136
57La79

138
Pr

79

140
Pm

79

0

10

20

30

0

10

20

30

0

10

20

30

8 10 12 14 16

I(h
_
)

0

10

20

30

[E
(I

)-
E

(I
-1

)]
/2

I 
(k

eV
)

(a) (b)Fig. 2. (a) � 136La level sheme. Bands 1, 2 and 3 were assigned the �h11=2 
�h11=2, �[413℄5=2 
 (�h11=2)2 
 �h11=2, and �[411℄1=2 
 �h11=2 on�gurations, re-spetively. (b) � systematis of the transition energies for the �h11=2 
 �h11=2band. The signature inversion point in 136La is indiated by an arrow.3. DisussionBand A in 105Rh is similar to the bands based on the 7=2+[413℄ protonstate oupled to the 2+-phonon of the ore observed in 107;109Rh [6℄. Thisan be onsidered as an indiation of triaxiality in 105Rh, ontrary to the al-ulations presented in [6℄. A possible on�guration for band B is �1=2+[431℄,



932 E.W. Cybulska et al.but unlike in 107Rh [6℄, the 3=2+ bandhead was not observed. The M1 bandsin 105Rh (2, 4, D and C) are andidates for magneti rotation.The experimental Routhians in 136La exhibit a rather large and onstantsignature splitting of �e0 = 105 keV in the yrast band, and none in band 2.The CSM alulations performed with deformation parameters �2 = 0:14and �4 = 0:0 as a funtion of -deformation for ~! = 0:45 MeV indiatetwo possibilities onsistent with the observed signature splitting of band 1:a nearly oblate shape ( = �50Æ) for the oupling of an �n = �12 neutronwith the two proton signatures (�p = �12); or a nearly prolate ( = �5Æ)for an �p = �12 proton with the two neutron signatures (�n = �12). Preisemeasurements of M1 + E2 mixing ratio would be helpful in order to resolvethis ambiguity.A areful examination of band 1 in the 136La level sheme shows a learsignature inversion between I� = 10+~ and I� = 11+~, as indiated byan arrow in �gure 2(b). Signature inversion has been observed [7℄ also forneutron de�ient nulei, suh as 134Pr and 124La, but never below a spinof 17 ~. 4. ConlusionThe use of the SACI-PERERE array permitted the establishment of 4new rotational bands in 105Rh level sheme and an extension to higher spinsof 3 other bands. Lifetime measurements for the M1 bands are neessaryin order to on�rm their magneti rotation harater. The level sheme for136La was established, showing three rotational bands in agreement with thesytematis of A = 130�140 mass region. Signature inversion was observedat very low spins in 136La in ontrast to the other nulei in this region. Inthe present work no evidene for hiral bands was observed.This work was supported by the Fundação de Amparo à Pesquisa doEstado de São Paulo (FAPESP) and Conselho Naional de DesenvolvimentoCientí�o e Tenológio (CNPq), Brazil.REFERENCES[1℄ M.A. Rizzutto et al., Nul. Phys. A569, 547 (1994) and referenes therein.[2℄ F.R. Espinoza-Quiñones et al., Phys. Rev. C55, 2787 (1997) and referenestherein.[3℄ S. Frauendorf, Z. Phys. A358, 163 (1997).[4℄ S. Frauendorf, Lie Meng, Nul. Phys. A617, 131 (1997).[5℄ Morek et al., Nul. Phys. A433, 159 (1985).[6℄ Ts. Venkova et al., Eur. Phys. J. A6, 405 (1999).[7℄ Yunzuo Liu et al., Phys. Rev. C54, 719 (1996).


