
Hartree-Fock-Bogoliubov (HFB) Theory
HF+BCS method: first solve HF, and then introduce the Bogoliubov
                              transformation 

(defined with HF basis)
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HF and BCS methods
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(note) in the normal fluid phase:



Hamiltonian in the second quantization representation:



density

abnormal density

mean-field potential

pairing potential



HFB Equations 

Or



mean-field potential

pairing potential

Hartree-Fock Hamiltonian



HFB Equations in the coordinate space representation 
So far,                can be any basis: 



For a local and zero-range interaction:

Ortho-normalization:

(note) in condensed matter physics: Bogoliubov-de Gennes Equations



(note)

We need to consider only one class of solutions. 



Expansion on the HF basis:

where

diagonalization

Relation to the BCS approximation 



BCS approximation: Take only the diagonal components in 

Solution:

and             have the 
same radial dependence in 
the BCS approximation.
This is not the case in HFB.



Asymptotic Behaviours 

Or

(note)



(note)

Remarks.
1. : always decays exponentially at large distances

2. Deep hole states: appears in the continuum spectra 
                                (as very narrow resonance states)



Application of the HFB method 

Density of 110Zr (SHFB-SLy4)

A. Blazkiewicz et al., 
PRC71(’05)054231

Systematics of β2 and S2n

M.V. Stoitsov et al., PRC68(’03)054312



34Ne, 42Mg
100Zn

Deformed drip-line nuclei

M.V. Stoitsov et al., PRC68(’03)054312



Application of the HFB method: di-neutron correlation 

M. Matsuo, K. Mizuyama, Y. Serizawa, nucl-th/0408052


