
N fermionic atoms trapped in two spin states ↑, ↓
(N↑=N↓) by a spherical harmonic potential

Zero-range atom-atom interaction:

a: s-wave scattering

length (dilute gas)

g: coupling constant

Trap units: 
m
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Hartree-Fock-Bogoliubov or Bogoliubov-de Gennes equations 
at finite temperature: 

T: kinetic term

µ: chemical potential

W: Hartree-Fock mean-field; ∆: pairing field

u, v: two-component quasiparticle wave functions

E: quasiparticle energies
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Zero-range interaction:

diverges as     

when r->0                          

PROBLEM IN CALCULATING THE PAIRING FIELD ∆

Regularization procedure:   

The Green’s function G0
µ associated to the Hamiltonian H0

diverges as when r->0.

Pseudo-potential prescription 1:

One has to calculate the regular part of G0
µ

2. To simplify: 
Thomas-Fermi approximation 3, 4.

with:                                                    ;     εC cutoff

Then:
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The regularization method (b) converges 
much faster

Two possible choices:

(a)

(b)                                                            

( ) 20 2 rrkF −= µ

( ) ( )rWrrkF 22 20 −−= µ

Pairing field at 
the center of the 
trap (ħω)

Pairing 
field at 
the 
center 
of the 
trap 
(ħω)

Number of atoms

Shell effects

HFB AND LDA AT T=0: good agreement for 
systems with a large value of N

Cutoff



HFB and LDA at nonzero HFB and LDA at nonzero 
temperaturetemperature

4107.1 ×≈N

∆: pairing field (ħω); r: radius ((ħ/(mω))1/2)

4104×≈N

LDA 
overestimates 
the central 
value of ∆, cuts 
too drastically 
the tail of the 
radial profile of 
∆ at large 
distances and 
overestimates 
the critical 
temperature
with respect to 
HFB


	HFB and LDA at nonzero temperature

