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Full electron Hamiltonian




Walter Kohns ideas

Hamiltonian of real systems Hamiltonian of one-electron system

i) A functional exists that couples total
energy to ground state electron density
ii) Find best approximation of E[n(r)]

and minimize w.r.t. n(r)=> Dirac eller
Schrodinger egn. for one-electron system



Density Functional Theory
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Density Functional Theory

(W, A wy) = g + f 1 (Vs = Vi)

Egs < Ej + f Wye (Vext — Vi) dor

Ey < Ego + f Ngs (V.. = Vext) d7

Assume densities are the same

Egs + Eyy < Eg + Egs + f Ngs (Vexe — Vi) A1 + [ Nas (Ve = Vext) A1
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Egs + Eoy < Egg + Egs



Walter Kohns ideas

Hamiltonian of real systems Hamiltonian of one-electron system

i) A functional exists that couples total
energy to ground state electron density
ii) Find best approximation of E[n(r)]

and minimize w.r.t. n(r)=> Dirac eller
Schrodinger egn. for one-electron system



One-electron Hamiltonian

VZ Veff (N(r))
n(r) = 3 |w(r)

(_T + Veff)q)=8L|)

dE[n(r)]/dn=0
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E[n(r)]=E_ [n(N]+E [n(r]+E, [n(r)]




The density functional

Elng (r)] = Top[nop ()] + f Nop (1) Vst (1) &1

T ff D) op ) drd’r + Exe[nop ()]

r—r’

Exc [an (r)] = f €xc [nop (r)] Hop (r) dr

Hop (r!)

Vesr (I‘) = Vext (1") + ;
|r—1'|
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For a crystalline material

_V2
Hone — T+ ‘/:gff

Honetp(r) = ei(r)

Y(r) = " Tu(r)

with u(r) having the same periodicity as the lattice

P(r) — Pi(r)
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Bands of fcc Cu
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Bands of Si
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spin down

Bands of bcc Fe

spin up
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Calculations of magnetic moments
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Permanent magnet applications
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Inter-atomic exchange




Inter-atomic exchange




Heisenberg Hamiltonian

AE=-Jij m; m.

H=-Jij m; m



Expansion of the Hamiltonian in 59 and (59 gives

Jij = ! /_ oy, [Ai : GT.(E) FAVE G (€ )}

A tJ tJ
Local exchange field Inter-site Greens function
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Lichtenstein et al JMMM 67 65 (1987),
Katsnelson et al PRB 61 8906 (2000),
Kvashnin et al PRB 91 125133 (2015)
A.Szilva et al. RMP 95, 035004 (2023)



hcp GO

Ferromagnetic metal (Tc=292 K)
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