
FIZIKA, Suppl. 1 (1969) 23 

an additional approximation is used which drastically reduces the size ofcalculations. In the calculation of matrix elements the sums over the finite numbers of single particle states are replaced by infinite ones. 
TABLE 1 

The ground-state energy E relative to the energy of the lowest configuration. ( N) and 
( Lf N)2 = ( N2 )-( N)2 is calculated with the N-projected BCS(PBCS), BCS and the proposed
approximation (AP) for 22 particles in doubly degenerate single-particle levels. 

H= � e,:at a,:-G� at a.!k a_1 a1; G - 0.41SD, B,: =kD.
le k>O 

l>O

method I E/D 

PBCS -7.S718

BCS -S.9011

AP -6.4151

I 

TABLE 2 

N I Lf N  

22 0 
22 S.56
22 7.1 X 10-2 

Ground state energy (MeV) relative to the energy of the lowest configuration for Ni 
isotopes; G=0.331 MeV and s (p3JJ -O, s(/5/J = 0.78 MeV, e(p1/J = l.56 MeV, s{g9/J ca 
= 4.52 MeV. 

A I 2 n  I EpBCS I EBcs I EAP 

58 2 -J.4808 -1.1279 -1.4808
60 4 -2.0815 -1.5135 -1.8837
62 6 -3.2837 -2.6459 -2.9878
64 8 -3.5656 -2.9029 -3.1545 
66 10 -2.9291 -2.2020 -2.6571
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C 4 The Characterization of Collective States with Density Matrices 
M. V. MIHAILOVIC and M. ROSINA, Institute "Joie/ Stefan" and University of 
Ljubljana, Ljubljana 

1 . Pairing vibrations
States with a high degree of pairing are characterized by having a large eigenvalue of the two-body density matrix flaktJ = ( 'f/1 I at at a0 atJ j 'f/1) . For exa-
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mple, the BCS wave function has one large eigenvalue. The large eigenvalue will be denoted by l and the corresponding eigenvector by Kab. Suppose thatthe operator g + = ! Kab aJ" at is very similar to the physical 2-body � transfer
operator t and that the ground state 1JI N+2 f:11::1 g + 1JI N. This is a reasonableassumption because the additional two particles are likely to be added in the two-particle state g which is anyway energetically the lowest. The two-body transfer then has an enhanced transition amplitude: ( 'P N+2 I T I  lJI N) f:11::1 < 1JI NI  g g+ I lJI N)  = l.

Pairing vibrations1> can be characterized by two alternatives: 
(i) The 2-body density matrix has two or more large eigenvalues (witheigenvectors g1 , g2 , • • •  , respectively). Then there are enhanced transitions tothe ground state 1J1t+2 = g t 'I' N and to the pairing vibrational states lJl'l:+2 =" + = g2 IJFN, • • • • 
(ii) The two-body density matrix has only one large eigenvalue, but gfor N particles is rather different from that for N + 2 particles. This means that the degree of pairing changes rapidly when more particles are included. Then the additional two particles are not likely to be added in the two-particlestate g to obtain the N + 2 ground state. The state g + 1JI N represents a bandof several physical states ("pairing vibration"}, among which the enhanced transition amplitude is distributed. 
It has not yet been determined whether these two alternatives are independent, and if so, which occurs in realistic nuclei. 2. Rotations and Vibrations.
Collective states like rotations and shape vibrations are characterized by large eigenvalues of the "particle-hole matrix"2> 

If there is only one collective degree of freedom (rotation, vibration or an intermediate one}, there is one large eigenvalue of the G matri"C which may be degenerate with respect to magnetic quantum number. The presence of two degrees of freedom is characterized by two different large eigenvalues (which may both be degenerate with respect to magnetic quantum number). 
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