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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. Al
ántara-Núñez and F. Falla-SoteloInstituto de Físi
a, Universidade de São PauloSão Paulo, Brazil.(Re
eived O
tober 31, 2000)High spin stru
tures were studied in the 105Rh and 136La nu
lei usingthe 100Mo(11B,�2n)105Rh and 128Te(11B; xn)136La rea
tions respe
tively.DCO ratios, ��
�
 and 
�
 
oin
iden
es 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. Introdu
tionIn the A � 100 and 130�140 mass regions the neutron and proton, whi
ho

upy high-j subshells show similar 
hara
teristi
s. Valen
e nu
leons whi
hlie at the top of the subshell exert a driving for
e towards a 
olle
tivelyrotating oblate shape, while those at the bottom tend towards 
olle
tiveprolate deformations. The 
ompetition between driving for
es results in avariety of nu
lear shapes and shape transitions. The Gamma Spe
tros
opyGroup of the University of São Paulo has been studying the odd and odd�odd nu
lei for Z = 45, 47, 57 and 59. The results of this resear
h have beenpresented in referen
es [1℄ and [2℄. Re
ently, a renewal of interest in thesemass regions has appeared due to the theoreti
al predi
tions based on theTilted Axis Cranking model, whi
h indi
ate a possible existen
e of 
hiralbands in triaxial nu
lei (A � 130) [3℄ and magneti
 rotational bands [4℄,whi
h appear in nearly spheri
al nu
lei su
h as in the A � 100 regions.� Presented at the XXXV Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 5�13, 2000.y Permanent Address: Centro de Engenharia e Ciên
ias 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 dete
tors (PERERE).Two of the dete
tors with 60 % e�
ien
y were pla
ed at 37Æ and 260Æ whilethe remaining ones with 20 % e�
ien
y were set at 100Æ and 323Æ withrespe
t to the beam. For experiments where the neutron 
hannels are thestrongest, su
h as 136La, a multipli
ity �lter of 8 NaI(Tl) was pla
ed 
loseto the target 
hamber. In order to identify the 
harged parti
le evaporation
hannels (su
h as 105Rh) a 4� parti
le an
illary s
intillator system SACIwas built in this laboratory. This dete
tor 
onsists of 11 phoswhi
h plasti
E � �E teles
ope s
intillators housed in an aluminium 
asing of a semi-regular polyhedral shape, with 12 pentagonal and 20 triangular sides. TheBC-400 plasti
 0.1mm thi
k was used for the �E and a BC-444 plasti
10 mm thi
k for the E dete
tor. The overall geometri
al e�
ien
y of thissystem is 76 %.The 100Mo(11B; �2n)105Rh rea
tion was used at 43 MeV beam energy,with a thi
k isotopi
ally enri
hed target. The ��
�
 
oin
iden
es and theDCO ratios were measured. The level s
heme, 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 systemati
s.The 136La was produ
ed in a 128Te(11B; xn)136La rea
tion at 48 MeVbeam energy. A thi
k, isotopi
ally enri
hed target, on a lead ba
king wasused. The 
�
 
oin
iden
es and the DCO ratios were measured. Priorto this work, the nu
leus 136La was investigated using (p; 3n) rea
tion [5℄,where the spin of 8+ or 7+ was assigned to the 114 ms isomeri
 state. Figure2(a) shows the level s
heme of the present work, 
omposed of three bands,tentatively pla
ed on the 114 ms isomeri
 state. Sin
e the 136La level s
hemeis 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 band
on�gurations was based on the systemati
s of this mass region, as well asCranking Shell Model (CSM) predi
tions and the measured DCO ratios.



High Spin Stru
tures in A � 100 and 140 Mass Regions 931

Fig. 1. 105Rh level s
heme showing the new bands A to D. The bands 1, 2 and 4,known from [2℄, were extended to higher spins.
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(a) (b)Fig. 2. (a) � 136La level s
heme. 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-spe
tively. (b) � systemati
s of the transition energies for the �h11=2 
 �h11=2band. The signature inversion point in 136La is indi
ated by an arrow.3. Dis
ussionBand 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℄. This
an be 
onsidered as an indi
ation 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 
al
ulations performed with deformation parameters �2 = 0:14and �4 = 0:0 as a fun
tion of 
-deformation for ~! = 0:45 MeV indi
atetwo 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). Pre
isemeasurements of M1 + E2 mixing ratio would be helpful in order to resolvethis ambiguity.A 
areful examination of band 1 in the 136La level s
heme shows a 
learsignature inversion between I� = 10+~ and I� = 11+~, as indi
ated byan arrow in �gure 2(b). Signature inversion has been observed [7℄ also forneutron de�
ient nu
lei, su
h as 134Pr and 124La, but never below a spinof 17 ~. 4. Con
lusionThe use of the SACI-PERERE array permitted the establishment of 4new rotational bands in 105Rh level s
heme and an extension to higher spinsof 3 other bands. Lifetime measurements for the M1 bands are ne
essaryin order to 
on�rm their magneti
 rotation 
hara
ter. The level s
heme for136La was established, showing three rotational bands in agreement with thesytemati
s of A = 130�140 mass region. Signature inversion was observedat very low spins in 136La in 
ontrast to the other nu
lei in this region. Inthe present work no eviden
e for 
hiral bands was observed.This work was supported by the Fundação de Amparo à Pesquisa doEstado de São Paulo (FAPESP) and Conselho Na
ional de DesenvolvimentoCientí�
o e Te
nológi
o (CNPq), Brazil.REFERENCES[1℄ M.A. Rizzutto et al., Nu
l. Phys. A569, 547 (1994) and referen
es therein.[2℄ F.R. Espinoza-Quiñones et al., Phys. Rev. C55, 2787 (1997) and referen
estherein.[3℄ S. Frauendorf, Z. Phys. A358, 163 (1997).[4℄ S. Frauendorf, Lie Meng, Nu
l. Phys. A617, 131 (1997).[5℄ Morek et al., Nu
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