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PAIRING Ill GAPLESS SUPERCOBDUOTOBS 

A.H�dur , :Faculty of Sciences , Sara�evo
L.Dobroaavl;jevi6 , Institute of Physic• , Belgrade 

!he Hartree-BogoluboT aethod in its operator form , as 
formulated firat b7 Herbut and Vu;jiaicl , ie ver,- suitable 
to study the pairing ill. supertluid systems. In this appro -
ach the nCH'Jlllll state of the system ie described b7 meaD8
of linear operators , as the deuity operator 9 and the 
Hartree-Fock potential operator r , while the superfluid 
correlatiou are expressed in terms of anti-linear opera ­
tors , as the pairing operator Pa , the correlation opera -
tor ta• { s - s" {1 pa and the pairing potential operator 6

8
• 

The case when Pa is fixed to be equal to the time rever -
•al operator !a , and all the operators enteriDg into the 
theory commte , is discussed in the ref .1 : this ia the 
DOS cue .  More general , non-coJU1Utative case occurs iD the 
gapleaa euperconductore2 ,3. HaTing in. mind 07steBl8 which 
are not invariant to the tille reversal /like a dirty au -
perconductor in high magn.etio field , or a superconducting 
allo7 w1 th a mll percentage ·of :magnetic impurities / we 
conaider a 117etea 4eaoribecl b7 the Hamiltonian

H • Bo + Jli  '

where H0. is giTell b7 the eq. / 1 / of the ref •1 , and Hi ia
due to the pertnarbatioJl breaking the time reversal inva -
riance.Jli anti-comtea with �. , [Hi , Ta ] + • O .  Basic
QD&llioal eqa. 4eriTed 1n1 are •till nlid , 

.la • [ h , 158 ] + - � , s> - � ] + • 0
/1/ 

but the one-particle halliltonian contains a part bi oolliD.g
fro• the en,-rnal perturbation , h • h0 + h1 •



In the case P •• �. there are additional relations of· commu
tation 

it and only it [h1, S]_ • o. Por each particular CHe /gi­
ven H1/ the choice Pa·Ta would be conaistent only it e%­
iata a basis in the one-particle space in which � is dia 
gonal, and Ta canonical.
On the other hand, starting with the eqa./1/ one caD. derive 
Hartree-Bogolubov-de Gennea equationa3 tor the quasiparti­
cle excitations. With the help of the operator formali8ll 
it is easy to see when the perturbation expansion tor the 
excitation energy 

/2/ 

converges. In the commutative case the eigen basis I n > of 
h is canonical for b.

8 
/ and for Pa• T

8/, so that only
matrix elements between the time -reversed states Ll mi are 
different from zero. 
The eq. /2/ becomes 

l 6 )l •ll I 
£ - h + ---

11 -n ·2_ �,.�,

and t 11 diverges for �-->0 : there is a gap in the spectrum.
In the general non-commutatiTe case the basis t n '")  is not 
canonical for .68 and T8 : E:. n converge• and there is a gap­
lees spectrum. One can also try to fix up Pa.Ta before the
Tariational procedure leading to /1/. One gets then a rel . 
between h, Pa, C::.. a and -S which is equivalent to /1/ onl.y' i:t
[L\a '  PJ _ • 0 and [ h, S' ] _  • O. 
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