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In the last years some cases of rotaiiona:i":..iik~ structure 

in nuclei near closed shells attracted interest because such 

phenomena seem to be a puzzle in mass regions, wher~ nuciei 

. d t. b . .h . .' ·1 F . t . IIBI . d II7r are assume o e sp er1ca • or 1n~ ance 1n n an n, 
., ; . . ' 

having one proton les~ than the magic number, some excited sta-

tes have been interpreted as· members of rotational band/I-3/ .' 

The res~lts of newer investigations, however, make these inter~· 
pretat,ions doubtful/4 , 5/, 

Already in I969 a highly excited isomeric state in II7sb 

with a half_;life of 340 j.Is has been observed/6/, Th~. experiment~ 

were perfo;~ed wi;th a 'pulsed o( -beam of 27 MeV at the r2o em 

cyclotron, After determination of the f -energies and r -in

tensities in the prompt and delayed spectra' the decay' scheme 

was constructe·d and proved by the results of coincidence measu-

rements. 

In order to give spin and parity assignments for the le-
• vels populated in the isomeric decay, the investigations were 

continued by the following methods: (i) Q -ray angular distri

bution measurements, (ii) conversion electron measurements by 

means of a transport-solenoid Si(Li) spectromete/71 up to 

!.3 MeV and (iii) excitation studies of the levels in. II7sb in 

different reactions using protons, deuterons. and d.. -particles 

as projecti}es and by variation of the o( -particle energy, 

The information gathered by these methods gives rise to an exact 

determination of spins and parities, shown in the level scheme 

of·fig. I. Details about the experimental methods and results 

will be publishe.d in ref / 81. 

The decay or the isomeric state can be interpreted as 
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following two branches. In comparison to the states on the 
~ 

left-hand side of fig. I the leve~s with J 9/2+, II/2+, 

I3/2+", I-5/2+ and I?/2+ are much more pop~l!;}ted in direct feed

ing than in the isomeric decay. The regular spin sequence to

gether with the behaviour of the level spacings and the ex~s-
, . '- . . ~ 

tence of' crossover transitions lead to the assumption of a ro-

'tational .:.like structure in this' branch. as already mentioned 

by Peker a12-d Volmyansky/91. Thi~- conception has been tested' 

by the measured cascade/crossover intensity ratios RJ for the 

three subsequent levels given in table I. From the experimental 

values one can calculate \ (gK~gR)/Q0 1 . In our case these va

lues are nearly constant,.supporting the assumption of a simi-
. - . 

lar intrinsic structure of the levels considered. 

From the RJ values. one can--compute the mixing ratios fl 2 

of the cascade transitions. The measured angular.distribution 

anisotropy coefficients A2 for )he mixed MI/E2 cascade transi

tions are rep~oduced within the limits of error only for posi

tive. sign of b (see table I). Using the eonvension signb 

= sign (gK-gR)/Q
0 

one gets a qu~drupole moment Q0= +3.44 b 

and the related deformation £ 
from the 9/2+[4041 band_expected 

+0.22•'The gK value was taken 

in the Nilss~n diagram /I~/. 

for ~ = 51 andlro~ate deformationand gR was assumed ·as usual

ly to be Z/A. ~ unified model calculation reproduces the RJ _ 

values· under the assumption of the 9/2+ [ 404)-band in an excel

lent manner. So the properties of this band are.well explained 

in the framework of the Nilsson model. 

The level distances show the behaviour of a quasirota

tional band (see for comparison 43sc/II/) and. cannot be expla-· 

ined by the I(I+I) formula. On the other hand, calcul~tions 
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with projected angular·momentum wave functions~ using a 'para

metriz'atfon of 'the spectrunl12/' reproduce the 'level energies 

·within a mean deviation of less than·IO keV.·It:should be men..:. 

tioned·, however, that the larger distance between the II/2+ · 

and the 9/2+ states. (374 ·keV) in comparison· to the spacings· · 

of the f'ollowing·levels (336,· 367 and 387 ke'V) should be exp-_ 

lained by the· influence of the '9/2 st'at'e at -I3IO keV; lowerin{ 

the bandhead energy. 

A' further' argtiment for· the' different 'level- struct\lres 

in the two branches i:lre the high hindrance factors ( ;_I05 ) of 

the two E! transitions (250.4,and I63.I keV) feeding levels 

of the rotational band in the isomeric decay. 

For the validity of the assumptions the equilibriumde

formation in II7Sb is of interest. Summing the Nilsson single 

particle energies and the Coulomb energy ope gets the 5/2+[413] 

state. (which may stay for the ground state) at slight oblate 

and 9/2+[4041 state at prolate deformation with the deforma

tion value of t = +0.23 and the excitation energy of ... 

(E9; 2 - E5; 2 l = I.2 MeV, as shown in fig. 2a. For such a simple .. 
approach this is a surprisingly good accordance to the expe~i-

mental findings. In fig. 2b the results-are compared with more 

detailed computations, in which the shell correction method 

of Strutins~I3/is u~ed. A shor~ description and an applica

tion of this method can be found in ref./I4/ •. The calcul&tiorls 

deliver the energy minima for the 5/2+ and 7/2+ states at 

slight oblate_deformation, while the I/2+ and 3/2+ states (not 

populated in the isomeric decay),are obtained at slight pro

late deformation. The 9/2+ state reproduces the experimental 

findings very well. 

5 

.. • 



. .... ~ 

.'-~· ... 

, _In this picture the II/2"':" state has even Jarger oblate 

deformation. Ther~fore it is questionable to assume that the 

levels populated in the main decay .branch are typical sphe~i

cal states. The broad valleY.._for the minimum energy, sh6v:ll in 

fig. 2b 1 accounts for the softness of ... the II?Sb nucleus again&t . - . -

"defdrmation •. If this. would be ~··general property in this mass 

region 1 rotational-like phEmomenll should be expected also i_n 

rieighbou~ing nuclei. 

The author.s are indebted t_o Dr. _L.Miinchow for stimulating · 

discussion and -to Dr. G.Winter for making av~ilable. hi~ com

puter _codes and _for valuable comments. 
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Table I' 

Analysi~ of the- cascade/crossover intensity ratios RJ. 
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- reproduction - - . - - -- --· reproduc.:. 
experimental for 9/2-[404),gK-gRI_!_·experimental tion for 

(Q
0
=3.44 b)_ Q

0 02 · . pqsitiveo 
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4,01(47) 
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Fig, I. Decay of 117~b drawn in a way.to show the two diffe

rent deexcitation branches, 
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Fig, 2. Equilibrium :deformation energies·: in I,I7 Sb 

A) Summation of the Nilsson,.singl~·· particle. energies. 
¥<, - ·• . •• - •••• , • • 

B) ·calculationE!}?-sing t_he. sn~ll correction method. 

.The-.'eriergies in A) are_giv€m·a:s dif'ferenbes·to the 
+ - . . ; ·. . --

5/2 state, in B) the numbers stand for-the total 
;o:; :. - ... , ~ ~ 

deformation energy. 
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