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Introduction DMFT

Limit of in nite dimensions

Spin models:
. F. Gebhard, The Mott Metal Insulator Transison, Springer
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Hubbard Model: A Georges et al, RMP (1996)
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Scaling of the propagators in large d
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Propagator scales as: G(R;;R;) dJ Ri Ri=2,
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Real Space Collapse: S

For nearest neighbors skeleton S
involves at least 3 transfer matrices i J

3 —3/2 ;
Eij (lwn) = A
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No. of n.n. transfers » d ) total S/ d2 1

i i
For general distance R jand R; : @
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Number of such n.n. transfers is » dl q

Total contribution to self energy:Xr,r;, ~ d~

n Perturbation Theory in
% ~ d 1R RS2 :> d=1 is purely local:
Ri=R; Eij (iwn) = (52']‘2Ske](iwn)

|Ri—Rj|/2
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Effective Local Theory
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Analogy with Static Mean Field

TABLE |. Correspondence between the mean-®eld theory of a classical system and the (dynami-
cal) mean-®eld theory of a quantum system.

Quantum case Classical case
( Aﬂgst,jcilscjsl U(inj-nis H52 ( 4gijSiSj2 h(S; Hamiltonian
ty; (1/AT)921 Jiji (1/d)¥214(ferromagnet) ~ Scaling
Gjj(ivy)52 "c,l(ivn)cj(ivn)& 5;S5& Correlation function
Gii(ivn)52 el (ivy)ci(ivy)& m;5 "S;& Local observable
= ci(1)Gg (¢ t§cs(t§+*Un.n, He= heiSo Single-site Hamiltonian

He=( s8afsasl (1sVi(afscs+H.c.)
m sCscsl Ununy

Go(ivy) hegt Weiss ®eld/function
Gg(ivy)5val m G(ivy)?2? he=z J m+h Relation between Weiss
2R[G(ivy)] ®eld and local observable

A. Georges, et al, RMP 1996
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DMFT Equations

@G ; L
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Self consistency| m / D(e)de Go G,z
wp) =

condition - -
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- S(t) is obtained from solution of a quantum impurity problem

- The only waylattice enters is via D) to project G onto site o

- There are many methods to solve impurity problem, e.g. QMC,
Conformal Field Theory, Perturbation Theoeyc.

A. Georges, et al, RMP 1996
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Iterated Perturbation Theory

Start with Go(7)

Projection

) B D(e)de
Gliwn) = / Twy + 1 — € — B(iwy,)

l Update

gal(iwn) = S(iwn) + G~ (iwn)

A. Georges, et al, RMP 1996
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Metal Insulator Transition

XY Zhanget al, PRL70, 1666 (1993)
Atomic Limit: D/U — 0= G, (iw,) = iwn fU/p-1 ‘ ‘ ]

Gliwy) = l 1 + 1 — Wn U/D =2
T iwn +U/2 iw, —UJ2) T (iwn)? + U4 T /\/\/\ ]
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FFT: Go(r)=1 p J\/LjLJ\/\ i

IPT interpolates between weak and strong couplimgf$ _‘,U/’I) =4

- Height of Kondo peak at Fermi surface is constant
- Width of Kondo peak exponentially narrows with increasing U
- DMFT (IPT) captures both sides: Insulating and Metallic

- DMFT clarifies the nature of MIT transition

A. Georges, et al, RMP 1996
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Graphene: Dirac theory in 1 eV
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DMFT of Graphene

18

TTIT

©NHO

cooo
.

r(w)

FIG. 3: (Color online) Changes in the band structure of Di
Fermions on honeycomb lattice as a function of Hubbrd For
values ofU larger than the bandwidtW = 6t, the upper and lowel
(not shown in this ®gure) Hubbard bands set in.

S.A. Jafari, arXiv: 2008
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DMFT of Dirac features
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By increasing U, Fermi velocity vg decreases and eventualy vanishes

S.A. Jafari, arXiv: 2008
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Quantum Critical Point
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Instead of quasiparticle weight Z of metals, vg in Dirac liquids
characterizes the transition to a Mott insulator s.a. safari, arxiv: 2008
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Summary

I No Kondo resonance at the Fermi level for Dirac electrons
I Dirac liquid picture is robust against local correlations

I vp characterizes SMIT, instead of Z characterizing the MIT
I RVB reference state in the Mott phase

Nourbakhsh et al, IJPR, accepted; Nourbakhs et al, arXiv: 2008, Mosadeq et al in preparation

I Possibility 200-300 K superconductivity in  20% doped

DII’aC Seéa G.Baskaran and coworkers, arXiv: 2008
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