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Recently the use of a-particles of energies below 
50 MeV has revealed the existence of many new high-spin 
states in the study of odd nuclei in the Ca-Ru region . In 
the predominantly (a, xny) or (a, xpy) reactions the spac­
ings between or sequences of the populated levels, level 
spins and parities and E2/Ml mixing ratios of y-radiation 
are determined from single and coincidence y-ray spectra 
and from angular distribution and polarisation measurements 
of the emitted y-radiation . Occasionally half-lifes of 
excited states have been determined by means of pulse 
techniques or Doppler-shift measurements . A better idea of 
the validity of different nuclear models in the studied 
region has been obtained from such data. Typically high­
spin states of odd nuclei have revealed bands of a rota­
tional character or coupling between a quasi-particle and a 
presumably vibrational core. 

The results can be understood in terms of a core made 
up of an inert closed shell structure surrounded by a 
"softer" open proto;- and/or neutron shell. In odd nuclei 
one or more particles or holes are added to such a core . 
Inherently the nuclei 40, 4 8ca, 56, 6 6Ni and 8 8sr may form 
closed shell structures, while the particles of the open 
shell as well as the extra core particles belong to the fp­
rnajor shell, the g

9 1 2 
or higher orbitals. When considering 

holes the sd-shell may even be involved. 
Above 40ca the observed high spin states give evidence

of the existence of positive parity states forming K-rota­
tional-li ke bands based on a 1 d312-hole in the sd-shell . 
This is the case in 4 3ca, 4 3' 4 5sc, 4 5Ti and 49v l l,2, 3 1 .  
A similar bana with a f712-hole coupled to a rotating core 
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Fig . 1. Spacings and spins of levels in 73Ge as 
compared with excited levels of a 72Ge core. 

is found in 5 3cr 1 3 1 . More rotational bands are proposed 
in this lower part of the region 1 4 1 . 

Close above Ni the expected shell model with a 
particle and an inert core fails to give satisfactory ex­
planation of the states in e . g. 59Ni . Instead one particle 
coupled to the 2+ excited state of the even-even A-1 
nucleus seems to give the best description of states found 
in the nuclei of increasing Z from 28 upwards ; in Zn, Ga 
and Ge 1 3 1 . Although no definite model exists for the 2+ 

core excited state, a vibrational character is expected to
+ + 

describe it because of the level spacings of the o1, 21, 
2; and 41 levels of the even-even core. This is illustrat­
ed by the level schemes of 72Ge and 73Ge in fig. 1, where 
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the lower 13/2+ state in 73Ge is described by a g912 neu­
+ tron coupled to the 2 excited state. 

While in the upper part of the studied region the 
even-even Mo and Ru nuclei seem to exhibit ground-state 
quasi-rotational bands I s  I , it. is obvious that nuclei 
closer to the semi-magic 88sr are better described by the 
shell model. In the odd-even nuclei 91Nb and 93Tc the

3 4 (g912> and (p112) (_g912) proton configurations reproduce,
with a few exceptions, .all levels populated in the a­
induced reactions 1 6 1 . Similarly the odd-odd nuclei 88Y 
and 90Y show quite pure states of e.g. the configuration 

1 - 1  (ng912> (vg912) , as is demonstrated by the excellent 
agreement between theoretical and experimental Ml-transi­
tion probabilities in 88Y 1 7 1 .  In the a-reaction studies
88sr thus seems to exhibit a more inert core than Ca and 
Ni. Moreover, vibrational states may be found in nuclei 
from Ni to Ge a�d nuclei of zr, Mo and Ru. Simple argu­
ments such as level spacings of typically vibrational 
character are not satisfactory to demonstrate the validi­
ty of a collective model. The rather complicated states

96 of e.g. Mo are examples of apparently collective 
structures which are not easily described by vibrational 
or rotational models. Rather complicated approaches are 
necessary to produce a satisfactory agreement between 
theory and experimental data for this nucleus l a ! .
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