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In order to ascertain how many particle and hole pairs appear in finite 
superconducting or superfluid systems at various particle numbers N  and 
pairing strengths g  in the BCS Hamiltonian (H BCS) the eigenfunctions of H bcs 
with a fixed N  are constructed as superposition of two particle-two hole 
excitations. For an even system with (Q p + Qh) two-fold degenerate levels 
among wich Qa levels are occupied at g  = O and Q p ones are vacant 
(N  = 2Qh) such functions e.g. for zero seniority can be written in the form

= ßo| i  + S  ßrt(n )в ; ( п ) B?t+(n)} |o), (I)
I n>l,s,t J

|0^ is the Hartree—Fock vacuum, Bs [ n ) = ^  a(p.j_p.n)p +p +̂ - . . .- /p ,
V-I-Vn

p p = a +aP, a+ is a particle creation operator in state p., p is a time conjugated 

state. Bt  (n ) is analogous with B/ (n ) but is composed of hole creation 
operators p + = a +a2 . In the particle-hole (p -  h) representation H bcs is divided 
into H p, H h and particle-hole interaction v :

Hp = E ( s  -  x)np -  gP+P ; Hh = - i ( B v -  X)nv -  gP^P ■
Ц=1 V=I (2)

P += E p ; ; P5+ = E p ; ; v = g (P +P5+ + p p ) ;
M- V

[HpB  (n )] = Es (n)B: (n ) ; [HhB  (h )] = Ё, (n)B; (n) . (3)
For systems with equidistant levels at Qp = Qh and X = (sF + sF+1) / 2 sets of 

Es (n ) and Et (n ) coincide. Energies of zero seniority states and amplitudes 

ßs( (n) in (I) (n > I, bst (O) = l) are determined by the system of equations:

K  i n)[_Es ( n) + E, ( n) -  E ] + g T  ßs'f ( n + 1X snIp Is 'n + 1XtnIp It 'n + O +s' t'
+ ~ IX s ' n _ l| P\sn){t ' n - 11P5I tn) = 0;

s'r (4)
E = (n)]2 [Es (n ) + Et ( n ) -  E  ] +

+2 g  ̂  ßst (m ) ßs, t, (m + 1)( sm | P  | s ' m + 1)( tm | P 11' m + .
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Eqs. (4) include p  -  h transfer matrix elements, e.g. 
^sm|P|.s'm + = ^6|Bs(m^PBs,(m + l) | . Energies Es (n ) and Et (и) standing 
in Eqs. (3), (4) can be calculated by means of recurrent procedure: at first for all 
n e.g. particle operators Bs+(ю, и) are defined for ю levels

(Q P > ю > n, Bs (a  = n,n) = pj+ р ^ .-Р и ), after that operators Bs (a  +1,n) are 

expressed through Bs, (ra, n) and B^ (ra,n - 1):

Bs+ (ю + 1,n) = ^  Vs*' (n) K  (®,n) + S  Vss■ (n - 1)K  (®,n - 1)PtLi ■s' s"
Amplitudes у (n ) , у  (n - 1) and eigenvalues Es (to + 1,n) are found with the 
help of equations:

Vss' (n)\_ES' ( lAn) -  Es (® + Ln)]  -  g ^ V s s ■ (n -  1X n - l s I P ( ra)ln s ') = 0 >s"
As" (n -  l ) [Es- (®.n -  I) + Ero+i -  Es (® + Ln)] -  g^Vss'  (nXn -  ls 'I p H I  ns )  = 0 ■s'

Thus, several additional diagonalizations are required to solve Eqs. (4). 
However, at high enough particle numbers (that occures in deformed nuclei and 
nano-clusters) and at realistic values of g  transfer matrix elements between 
states |s0n) and |s'n +1), where s0, s'0 correspond to states with minimal 
energies at given n and n + 1, considerably exceed those between other states 
[1]. This paves the way to obtain approximate solutions with smaller amount of 
diagonalization.

The work is supported by the SPbSU grant No. 11.38.648.2013.

I . A .K .V la sn ik o v , A .V .L u n ev , V .M .M ik h a jlo v  II B u ll. R u ss. A cad . Sei. P h y s. 2 0 1 3 . V .77 . 
P .880 .

138


