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Recent accumulation of experimental da­
ta/1/ shows that the properties of the O2 
excited states in some Cc,Sc and Mo isotopes 
differ very much from those of most of the 

JL 

two-phonon 0 states investigates up to now. 
These unusual O'J states lie just above or 
even below the first 2 f states (Table 1 ) . The 
ratios of the E2-transition probabilities 
are slightly larger than the vibrational 
limit (2) (Table 2). While in the usual 
spherical nuclei this ratio is approximately 
equal to unity. It is interesting .that these 
unusual O2 states appear in a small number 
of isotopes: 72'74Se and 96'98'100Mo. The 
other germanium and selenium isotopes are 
usual vibrational nuclei. The heavy molyb-
denium isotopes are the deformed ones. 

To understand these facts it is necessary 
to answer the following questions: 

1. How to explain, in principle» in the 
framework of the collective model the appea­
rance of the 0"£ states with such unusual 
properties? 

2. Why these02 states are found only in 
72'74Se, » 96'98'100Mo and are not in other 
nuclei? 

A small value of the static quadru'pole 
moment of the first 2+ state in Ge and the 
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-i-The energies of the 0"„ states 
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Fig. 1. Energy spectrum of 72Se. 
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fact that the ratio of the effective defor­
mations of 0'1' and Oj* states: 

2|Л+. <0 21£ 1 ^ 

<oJ- | /3 2 | o -J> 

2 В (E2 ; 0+ -> 2 +) 
_j 2 l 
2 0(E2;0+r> 2+) 

in these nuclei are approximately equal or 
smaller than unity (with the exception of 
72Se ) both indicate that 0 2 states in 70'72Gc, 
74Sc , 96, 90, 100|у|о а г е n o t deformed ones. It 
is possible that the Ô ' state in So is de­
formed but in this nucleus the mixing of the 
spherical and deformed components is essen­
tial . 

The explanation of unusual properties of 
the Oj states in molybdenum isotopes was 
suggested in/2/. In this work the conside­
ration of the low-lying quadrupole excita­
tions in Mo was based on the collective Ha-
miltonian which general structure was deter­
mined by the form of the microscopical Ha-
miltonian. The numerical values of the para­
meters were fixed so as to describe the ener 
gies of the lowest states in the best way. 
In this approach the ratios of the E2-transi 
tion probabilities depend on one parameter 
only. 

It was shown that small energies of the 
ot states can be explained by the large 
value of the coefficient W31for the third or­
der anharmonic terms in the collective Ha-
miltonian 

M [ b + 2 b 2 + b 2 J 00 F .+ h.c) . 
where V is the factor which takes into 
account the Pauli principle. 



It is important also that the role of the 
fourth order anharmonicities is relatively 
small. 

Using this idea good results have been 
obtained not only for the energies but for 
E2-transition probabilities in 96»100 Mo iso­
topes also 

sible to explain the ratios of the ^-tran­
sition probabilities in 98 Mo with the same 

• 
There is the other indication on an addi­

tional interaction: the appearance of the 
two 2+ states in the two-phonon region instead 
of one as in the most of spherical nuclei. 
It was shown in ' ' that the intro­
duction of the phonon-phonon interaction 
of the type 

* 8 , [ ь ; ь ; ] 1 М [ ь 2 ь 2 ] IM 

explains the appearance of the two collective 
,+ si-2 states in the same energy region. The 
tuation with 02 states in 72,74Se in many re­
spects is the same as in molybdenum isoto­
pes. Using the same collective Hamiltonian 
as in/2/ we can describe energy spectrum 
of 72Se (fig. 1 ) . It is interesting to note 
that the results obtained in ''l' for E2-trail 
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Table 2 
The experimental values of the 

B(E2;0^-.2"5) 

D(E2 ; 2J -> 0+) 

70,, 72 74 96 Mo 10 u 
B(E2; 0+-* 2 + ) 

B(E2; 2J-» O p 
0 . 56 7 . 3 2 . 0 4 2 . 4 1.8 

F i g . 2 . Dependence of W3j c o e f f i c i e n t i n 'Ge 
and Se i s o t o p e s on n e u t r o n number N(W31 i n 
a r b i t r a r y u n i t s ) . 
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sition probabilities when VV3j has the largest: 
value are in quantitative agreement with the 
experimental data for 72Se (Table 3). 

Thus, the phenomenological approach shows 
that the reason for the unusual behaviour of 
Or,' states in some spherical nuclei is the 
large value of the third order Enharmonic 
terms in the collective Hamiltonian. More­
over the presence of the phonon-phonon inter­
action in the collective Ha in i 11 о n i a n which 
can be duo to the coupling of quadrupo.le 
collective and single-particle or pairing-
vibrational degrees of freedom isprincipally 
important. This interactions lowers the 
energies of the 0''" excited states but prac­
tically does not influence the results for 
E2~transition probabilities. 

Consider the situation from the micro­
scopical point of view. The results of cal­
culations of the neutron part of W31 for 
different values of the chemical potential 
Л (which corresponds to the neutron numbers 
ft -= 34-44 , i.e. , 'Ge and Sc isotopes) are 
presented in fig. 2. Only the single-partic-
le states of the unfilled shell have been 
taken into account in the calculations as we 
are interested in the variable part of W31. 
For this reason we do not consider the proton 
part of W31 . it is seen that W3 j has a maxi­
mum for neutron numbers N = 38v40 , i.e., for 

70,72 Ge and 72,74Se , where the low-lying 
02 states have been found. The large contri­
bution in W31in the region of maximum gives 
the single particle state g9/2 . With incre­
asing N from N = 40.,A becomes closer and 
closer to £„/„' 'As a result the coefficint 
u ^ eg/J - v v 80/0 ' decreases, and corres­

pondingly the contribution of 
comes smaller and smaller. 

g9/2 to W 31 be -



Table 3 
l:'2-transition probabilities in ,2Sc 
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The analogous results for rnolybdemum 
isotopes are presented in fig. 3. The single-
particle scheme has been taken from ref./4/. 
It is seen that the coefficient W31 increa­
ses with increasing the number of neutrons 
in the unfilled shell and has no maxima for 
96'98 > ,00Mo ^n c o ntrast to the situation 
in Ge —Se region. It corresponds to the 
fact that heavy molybdenum isotopes are de­
formed ones. The values of W3] in 96'98'100Mo 
are large enough to lower essentially the 
energies of the 02 states. 

Thus, the microscopical calculations 
support the assumption on the increase of 
the role of the third order anharmonicity 
in 70-72 Ge and 72>74 Se in comparison with the 
neighbouring isotopes and about the impor­
tant role of this effect in 96-98'100Mo u 

In the recent work/5/ , the coupling of 
the collective quadrupole and pairing-vibra-
tional degrees of freedom have been consi­
dered. Let us consider the single-particle 
neutron scheme for Ge and Se isotopes 
(fig. O . It was shown in/5/ that when the 
chemical potential lies near the level with 
j = 1/2 (i.e., for N = 38.,40 ) then the coupling 
of the collective quadrupole and pairing-
vibrational degrees of freedom increases 
sharply. 

The single-particle neutron scheme for 
molybdenum isotopes is shown in fig. 5. 
This scheme is similar to that in fig. 4: 
the state with j = 1/2 lies higher than the 
single-particle state ( g7/2 ) with large 
value of the angular momentum, and large 
value of diagonal matrix element of the ope­
rator r2Y 4 * Such state gives large cont­
ribution to the coefficient W 31 However 



Fig. 4. Single-particle neutron scheme for 
Ge-Se region. 
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Fig. 5. Single-particle neutron scheme 
for Mo isotopes. 



unlike the situation m fig. 4, 87/2 state 
has the same parity as the sj/2 and d5/2 
single-particle states lying below. For 
this reason the two-quasiparticle component 
( B7/« d r/o ) gives the contribution to the 
phonon wave function and the coefficient 
W ,}I '. But this contribution is relatively 
small in comparison with that of the compo­
nent ( Й7/2 87/2^ d u e t o "tne fact that 

< ( J 5 / 2 l l ' , 2 Y 2 4 « 7 / 2 > , 1 
• ^ 7 / 2 l | r 2 Y 2 | | g 7 / 2 > 

The chemical potential lies near s j/2 in 
9Я' ,(,° Mo. For this reason the coupling bet­
ween the collective quadrupole and pairing-
vibrational degrees of freedom is the largesi 
in these isotopes. 

Thus, the inicros-.opical consideration 
shows that in 70'72Ce, , 72'74Sc and 98'100Mo iso­
topes the third order anharmonicitу in the 
collective quadrupole Hamiltonian and the 
coupling between the quadrupole and the 
pairing vibrational degrees of freedom are 
very important. In the framework of the 
phenomenological approach it was shown that 
these two facts can explain the energies 
and the electromagnetic properties of the 
unusual 0"5 states. 
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