
A MICROSCOPICAL DESCRIPTION OF THE COUPLING BETWEEN 
DIFFERENT DEGREES OF FREEDOM 

V. Ceau�escu and A . A. Raduta
Institute for Atomic Physic.s, Bucharest, Romania 

Recently, experimental evidence has been found about 
some levels of negative parity whose electromagnetic pro­
perties point to a pronounced collective character and 
which could not be described in the framework of the so­
called random phase approximation (R. P.A. ). Indeed, the 
energies of the above mentioned levels suggest that they 
are two-phonon states but, on the other hand, the R. P. A. 
predicts that the multiphonon states are degenerated. It 
is then necessary to correct the harmonic picture given 
by R. P .A. , by switching on the coupling betweell different 
modes. 

In this way the observed experimental I l l levels 
1 -, 3-1 , 5- in 1 14ca and 150sm and 1-, 3-1 , 5-, 4- in 
1 4 8sm as well as the corresponding ratios B(E3 ;3-1 +0+)/ 

- + B(E3 ; 3  �o ) have been interpreted in the framework of the 
phenomenological model J 2 1 as member of the quadrupole­
octupole quintup let . The y decay which follows the decay 
of the 60 d and 15 m isomers of 124sb indicates 1 3 1  that 
the second 3- level of 124Te is a member of a quintuplet . 
Also, it has been shown by using the coupled channel 
theory, that the collective levels 1-, 3-1, 5- in 1 10Pa 
excited by inelastic proton scattering might result 
from the coupling of one octupole and one quadrupole 
vibrations 1 4 1 .  Recently, in neutron capture experiment 
! S I the sequence of levels 5-, 4-, 3-, 2- have been 
populated in. 1 48sm by the subsequent primary y decay of 
the neutron resonances 3 + and 4+. 

On the other hand, since the collective and de­
generate - R . P. h .  - quintuplet occurs in the region of 
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two quasiparticle states, the interference of collective 
and noncollective degrees of freedom ought to be consider­
ed. 

In previous papers 16-8 1 we attempted to give a 
· microscopic interpretation for the levels of the kind
mentioned above by considering their energies as eigen­
values of a boson expanded Hamiltonian. The Hamiltonian 
we used is the usual shell model Hamiltonian plus pairing, 
quadrupole-quadrupole and octupole-octupole effective 
interaction. This Hamiltonian is written in the quasi­
particle representation. 

Following the Belyaev-Zelevinsky procedure 1 9  I we
expressed the operators A�!) 

(ab) (two-quasiparticle 
operator ) and s <±> (ab) (one quasiparticle-one quasi­nq 
hole ) as series of R . P .A .  quadrupole and octupole phonon 
operators of the collective c8n' n=2, 3) as well as of 

0 
the noncollective type (C (i ) , n=2, 3 ;  i=l,2, • . • p ) . n n 
These series have been determined so that the 
A C±) , B (±) commutaLors algebra be consistently reproduced. 

n n 

This condition was fulfilled in the first order ignoring 
the recoupling terms. 

In order to improve the convergence of the B-Z ex­
pansion we changed the R . P .A .  collective phonons by a 
linear and canonical transformation chosen in such a way 
that the ground state energy be minimum. 

O+ C nq n = 2, 3 

It was proved in ref. 1 7 1 that our Hamiltonian expressed 
in terms of "correlated" phonons is the same as that 
would have been obtained if the expansion from the 
beginning was performed with respect to the phonons 

0 
{ C } 2 3 , { C (i)}n=2, 3 • The Hamiltonian thus n n= , n . 1 2 i= ' , • • •  Pn 

modified has a smaller convergence parameter than th� 
initial one and consequently the convergence of the B-Z 
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expansion is improved. Also, it has been shown that in the 

new rapresentation the "dangerous" graphs cancel and the 
coefficients of the anharmonic terms decrease. This fact 
yields a reasonable magnitude for the dimension of phonon

space at which the stability of observables of interest, 
is realized. 

Now, the Hamiltonian can be written as 

H = Hcol l  + Hncol l  + Hcoup

where Hcol l and Hnco l l  
contain only collective .and non­

co l lective phonons, respectively, while Hcoup contains 
only terms involving both the collective and noncol lective 
phonons. The explicit form of Hcol l  is : 

where 

+ h. a.
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+ D0
2o

1
[cc+

3C+
3> 2C2] o + L [ (J) o20 [cc+c+) (C+C+) 1 +

J=o 2o 2 2 J 3 3 J� o  

+ 
CJ> of� [cc;c;> Jcc;c3> JJ ., + (J> o�� [cc;c2) Jcc;c;> J] o +

(J ) 11 r + + 
] 2o r + + 1 J 1 + 011 � (C2C2) J (C3C3) J o + D02 L (C2C2) J (C3C3) JJ 0 � +

+ h.a.

Here, the coef ficients A ,  B, D, M ,  P are fun ctions o f

the matrix elements of mu ltipole operators, the U, V 
coef ficients as wel l  as of the amplitudes and the energies 
of RPA phonons. Their expressions are given in refs.
I I 

I 7 , 10 1  • 
Further approximations regard only the terms Hnco l l

and Hcoup. �,!e reta in only the RPA harmonic terms from 
Hncol l  and the third order terms of Hcoup including one-
noncollective phonon . The resu lts are denoted by H���1 1, 
�coup, r'.f (=

H
coll 

+ H���"
ll + Hcoup) • One can easily verify

that the Hamiltonian P has the same eigenvalues as the 
following one I s ! :

where J-!e f f  is an ef fective and energy dependent Hamilton­

ian involving only collective phonons. Its expression is: 

Be f f (E) = PHcoup0 1 ()ifcoup0 
F- (Hcol l+fl���ll)

Here P and 0 stand for the projectors associated with the 
pure co llective subspace and its complementary subspace , 
respectively. 

In this way the i nitial . eigenvalu e  problem is re­
placed by a nonlinear eigenvalue problem (formu lated 
within the pure collective subspace) which is to be so lved 
sclfconsistcntly . 
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The concrete results which wil l  be exposed later on 

correspond to a truncation of 0 which neglects the pro­
jectors onto the states containing more than three phonons. 

The Hamiltonian H has been used for the case of 
1 1 4 1 1 6 1 1 8  even-even isotopes o f  tin . $n , Sn , Sn - where the 

fol lowing single neutron-states were involved : a 512 , g712 ,
s l/2 ' hl l/2 ' d3;2 · 

We treated first the Hamiltonian P.co l l  alternatively 
by perturbation and diagonalization. In both cases we 
used the same parameters : i) the pairing strength G was 
fixed by fitting the mass difference of neighbouring odd­
even nuclei , ii) for a fixed pair (X2 , x3) of quadrupole 
and octupole strength parameters the pair of independent 
parameters (a21+a22 , a31+a32) has been determined from the 
condition that the energy of ground state be minimum , 
iii) · by varying the pai rs (X2 , x3) we calculated the 
energies of 2+ (E2+ > and 3- (£3_) in the second perturbation
order. Then , we picked out the pair (X2 , x3) which cor­
responds to the pair (E2+ , E3-) reasonably close to expe­
rimental data l ll l .  

In the second perturbation order we calculated the 
energies of single-phonon states as wel l  as of one quadru­
pole ore octupole states. The wave functions have been 
estimated in the first perturbation order. The base 
of perturbation contains only states whose number of 
phonons does not exceed 3. Using the above perturbed 
states as well as the first order expansion associated with 
the multipo le operators we evaluated the transition� :  

+ + - + B (E2 ;2 �o ) , (E3 ;3 �o ). Equating these values to the cor-
responding experimental values 1 12 , 13 ! , we obtained the 
effective charges 

;
c �i and e�:i , respectively. Using the

above values of e�ft , w! have :alculated the quadrupole 
moments for the states 2 and 3 . Also , using the perturb­
ed state 3- l  and the octupole effective charge , the tran­
sition B (F.3 ;3- 1-+ 0+ ) is completely determined. 
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TABLE 2 

The quadrupole (e���) and octupole (e���) effect!ve 
Charges , the quadrupole moments for the states 2 and 3 

-1 + - + and the ratio B (E3; 3 �o )/B (E3; 3  +O ) predicted by the 
perturbation treatment . 

(2)eeff
(3)eeff

114Sn 0.49 3 1.442 
116 Sn 0.476 1.801 
118Sn 0.497 1.670 

B (E3; 3-1�o+�
- + B (E3 ; 3  +O ) 

0.365 

0.515 

0.548 

Q2 (2+) 
(in eb) 

0.166 

0.195 

0.142 

Q2 (3 )

(in eb) 

-0.05 9

-0.050

-0.050

. coll Alternatively, the eigenvalues of H have been 
obtained by the diagonalization procedure. We use� the 
basis defined by the states [ I N2v2a2I2 > x l N3v3a3I3>] 1M , 
where the two components of the vector product constitute 
the irreducible representation . for the groups SU (S) and 
SU (7), respectively, determined by the reduction schemes : 
SU (S) => R (S) ::) R (3) and SU (7) ::J R (7) � R (3). The above 
basis was truncated 
N

2
+N

3 
� 6 }. In this 

spaces used for the 
79, 41, 48, 74, 6 8, 

by the restrictions : { N2 � 6, N3 � 4, 
way the dimensions of diagonalization 
states 2+, 1-, 2-, 3-, 4-, 5 are : 
75 , respectively. 

Further, the nonlinear eigenvalue problem of H was 
solved selfconsistently ! l0, 14 ! . 

The concrete results we have obtained by the above 
described algorithm, are listed in tables 1 and 2. 

�he sequence of energies predicted by the perturba­
tion treatMent is the same as that given in ref. 15 by 
linearizing the coupled equations of motion. The quint�plet 
ordering predicted by diagonalization and perturbation 
procedures are the same in the case of 118sn, but they are 
slightly different in the case of 114 sn (the relative posi-
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tion of 3 and 4 is modi f ied) and 116 sn (the re lative ' posi­
tions within the pairs (3, 4) and (1, 2) are modi fi ed). 
These modi fi cations might be caused by the fact that we

used different basis for the two procedures. 
Comparing the results of rows b) and c) from table 1 

one sees the influence of He f f (E) on the e igenvalues o f  

ucoll. Including the coupling between collective and non­
colle ctive degrees of free.dom, the re lative position of 
quintuplet levels predicted by diagonal izing Hcol l  is not 
altered in the case of 

114 sn and 118sn; relative position 
of 1 and 2 is changed in the case of 

116 sn. 
Concerning the quadrupo le moments of 2+ , the results 

given in table 2 are very close to those given in re f. 
I 1 6  ! • 
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