Hartree-Fock-Bogoliubov (HFB) Theory

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

generalized Bogoliubov transformation
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Hartree-Fock-Bogoliubov (HFB) method: generalizes and unifies

HF and BCS methods

generalized Bogoliubov transformation
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Hamiltonian in the second quantization representation:
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HEB Equations
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Hartree-Fock Hamiltonian
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HFB Equations in the coordinate space representation

So far, k, k', k"' can be any basis:
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For a local and zero-range interaction:
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Ortho-normalization:
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(note) 1n condensed matter physics: Bogoliubov-de Gennes Equations



(note)

( EC’“) — A A(T) ) ( Ua(T) ) — F ( Ua(T) )
A(r)*  —h(r) + X Va(r) ) 7%\ Va(r)

>

( E{Ur) - X A(r) ) ( VE(r) ) _ @ ( VE(r) )
A(r)*  —h(r)+ A Ug(r) “\ UL(r)

A

We need to consider only one class of solutions.
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Relation to the BCS approximation
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BCS approximation: Take only the diagonal components in Az ]
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Asymptotic Behaviours
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Remarks.
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1. p(r) =) Vo ()|? : 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 '"°Zr (SHFB-SLy4) Systematics of B, and S,,
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Application of the HFB method: di-neutron correlation
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Di-neutron probability

Strongly correlated at short relative
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