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Atomic limit - view electrons in real space
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Mott insulators

Atomic limit - view electrons in real space

Virtual system: lattice of H-Atoms:  a, << d
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Mott insulators

Metal-insulator transition from the insulating side

Hubbard-model:
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Mott insulators

Metal-insulator transition from the insulating side

Hubbard-model:
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metal-insulator transition: U= 4dt



Mott insulators

Metal-insulator transition from the metallic side

H=-t Z {cIscjs + c;f-scis} + UZ NitNg| = Z e,—coc;%sc,-és + Uan-Tnil
i i i
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€z = —2t(cos kga + cos kya + cosk,a)

U=0 tight-binding model ‘*ﬁ*‘%‘

€ A

density

empty sites h=1/4

doubly occupied sites d=1/4

N(e) half-filled singly occupied sites s=1/2

conduction
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Mott insulators Gutzwiller approximation

Metal-insulator transition from the metallic side
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Mott insulators Gutzwiller approximation

Metal-insulator transition from the metallic side

densities:

1 electron density

§1  density of singly occupied sites with spin T ; ® * f * * % ® +

§| density of singly occupied sites with spin |
d density of doubly occupied sites

h  density of empty sites

no spin polarization half-filling h = d
S| =81 =5/2

sum rule l=s4+h+d=s+2d




Mott insulators Gutzwiller approximation

Metal-insulator transition from the metallic side

hopping probability: sector of fixed d
renormalization

correlated uncorrelated
factor

e = o4 P(10)+P(l0)=g,{Ps(10)+ Po(] 0)}

P(10)+ P(l 0) = hs=ds =d(1 —2d)

Po(T0) = nip(1 —ny) )(1 —nyp)(1 —ny)) = 1_16

> [ g, = 8d(1 — 2d) }

% = % analogous with same g,
4_# = 4—% d changed, not in sector




Mott insulators Gutzwiller approximation

Metal-insulator transition from the metallic side

a N
Hepr = —git Z { CisCis T Cis} = thek’c}%sciés
(%J)s E,s
= (Vo|Hes5|%o) + UAN minimize w.r.t. d
N /
E(d) = gi€rin +Ud = 8d(1 — 2d)€eg;n + Ud per site
0 1 U
€hin = /_W de N(¢)e d= 1 (1 — Fc)
U. = 8|€kin| ~ 16t = 4W U 2
gt=1-— (F)

Brinkmann-Rice (1970)



Mott insulators Gutzwiller approximation
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optical conductivity:
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Mott insulators Gutzwiller approximation

_ i U\’
Heps = 9t Z €k ks ks 9t =1— (F)
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k,s
Fermi liquid properties within Gutzwiller approximation:
nkA o Nea________

renormalized Gutzwiller I

momentum I > n.
Z
distribution k n II Z Noyt g

k- K- >
1 1 1 1 .
2= N > nin+ N > Nout = 5 (Nin +10ue)  halffilling
keFS k¢FS
1 1 f h .
Geckin = 42 Nin€j; + - #Z Mout€r renormalized hopping
kcFsS k¢FS

1 1 €Ekin = 2 Z €y
0=~ > et N >_ %  particle-hole symmetry o 5 g
kEFS k¢FS keFS



Mott insulators Gutzwiller approximation
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Fermi liquid properties within Gutzwiller approximation:
n A Mea________
renormalized k] === -1 Gutzwiller .

momentum I > n.
V4 I )
distribution k " Z Ny

3 K >
4 - D
1 1 quasiparticle weight compressibility
2 N
ker 1 N(er)”
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drers — - 2 1+ E3 gt
m ) _ 1
Nout = 5(1 _gt) N(CF)* — N(GF)/gt
1
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