
Solution of Hartree-Fock equations

1. Take the initial single-particle hamiltonian hµν
2. Find eigenvectors of h:

3. Take the A lowest-energy eigenvectors

4. The largest s.p. energy is the Fermi level
5. Find the density matrix

6. Calculate Γ(ρ)  
7. Go back to 2.

Note that the HF equation
[h,ρ]=0 is met by construction



HF minimum should cor r espond t o t he posit ive second der ivat ive
of  t he ener gy.
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Const r ained Har t r ee- Fock

q

EHF

Of t en,  we ar e int er est ed not  only in t he local HF minima
but  also in t he whole pot ent ial ener gy sur f ace  (PES)

! Sever al ways of  solving t he CHF equat ions
(linear  const r aint ,  quadr at ic const r aint ,  gr adient   met hod)

! Usually:  many- dimensional sur f aces
! St at ic pict ur e -  f luct uat ions ar e not  included!
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Self - consist ent  HF symmet r ies

" I f  a cer t ain symmet r y f or  t he solut ion is expect ed, one can st ar t
wit h an init ial densit y which has t his symmet r y

" I f  one st ar t s wit h a cer t ain symmet r y, one will always st ay wit hin
t his symmet r y (if  t he deepest  minimum is def or med, one will
never  get  t o it  st ar t ing wit h a spher ically symmet r ic densit y
mat r ix)

" The above discussion can be gener alized t o densit y dependent
int er act ions sat isf ying t he condit ion:

ö H ,S[ ] = 0!S" ö # [ ]S+ = " Sö # S+[ ]
              ! Sh ö # [ ]S+ = h Sö # S+[ ]
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If we have a solution with a (spontaneously) broken
symmetry SÉ
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Ét hen every transformed (rotated) state is also a solution
of the HF equations!

Goldst one Theor em
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If a symmetry is broken, there appears a zero- energy mode
(Goldstone boson!)



Hartree-Fock-Bogoliubov

A. Two-body (density-dependent) interaction:

B. Variational principle:

C. Trial wave functions: product states

general Bogoliubov
transformation

HFB wave function
is the quasuparticle

vacuum
! HFB - quasiparticles incorporated

    into the HF formalism
! HFB wave function - the most  general 

    product wave function consisting of independently
    moving quasiparticles  (in HF:  particles)

! Selfconsistent description of coupling between p-h
    an p-p channels
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HFB - density matrix and pairing tensor

Quasiparticle
interaction

Independent quasiparticle
Hamiltonian (HHFB)

Generalized
density matrix

Eigenvalues are 0 or 1 (thus
defining occupations of
quasiparticle states)

HFB density matrix HFB pairing tensor
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HFB equations

HFB Hamiltonian

HF Hamiltonian

Selfconsistent  HF field

Selfconsistent  pair field

HFB equations

Complicated
eigenvalue problem

! HFB equations treat p-h and p-p on the same footing
! Δ is a state-dependent field. In general, it depends on

   density and has a kinetic term
! The generalized density matrix and the HFB Hamiltonian

   can be diagonalized simultaneously
! Fermi level determined from the particle number 

   equation
! Often it is convenien to express the HFB equations

   in the canonical basis
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