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Motivation

Frontiers of Condensed-Matter Theory              

• strong electron correlations


• topological classification

David Krüger


University of Hamburg

Milestones 

• dynamical mean-field theory


• topological band theory
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Dynamical Mean-Field Theory

lattice fermion model single-site impurity model
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local electron self-energy

Metzner, Vollhardt, PRL (1989)  
Müller-Hartmann, ZPB (1989) 
Georges, Kotliar, PRB (1992) 
Jarrell, PRL (1992) 
Georges, Kotliar, Krauth, Rozenberg, RMP (1996) 
Kotliar, Vollhardt, Phys. Today (2004)
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Topological Band Theory
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✏(k) = d(k) · ⌧

Ludwig, Phys. Scr. (2016)

Dyson, J. Math. Phys. N.Y. (1962)  
Altland, Zirnbauer, PRB (1997)  
Qi, Hughes, Zhang, PRB (2008)  
Schnyder, Ryu, Furusaki, Ludwig, PRB (2008)  
Kitaev, AIP Conf. Proc. (2009) 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1
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iD/2

(2π)D/2

Z
1BZD

trFD/2
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F = dA+A
2
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Aαβ(k) = huα(k)|∂k|uβ(k)i dk

class A:

wrapping number:

Cartan d⧹ 0 1 2 3 4 5 6 7 8

Complex case:

A 0 0 0 0 L

AIII 0 0 0 0 0 L

Real case:

AI 0 0 0 2 0 2 2 L

BDI 2 0 0 0 2 0 2 2 L

D 2 2 0 0 0 2 0 2 L

DIII 0 2 2 0 0 0 2 0 L

AII 2 0 2 2 0 0 0 2 L

CII 0 2 0 2 2 0 0 0 L

C 0 0 2 0 2 2 0 0 L

CI 0 0 0 2 0 2 2 0 L

Chern number



dynamical mean-field theory topological band theory

• cluster extensions of DMFT


• nonlocal interactions and EDMFT


• two-particle level: DGammaA, DF, DB


• combination with band theory DFT+DMFT


• etc.

• topological protection by unitary symmetries


• one-dimensional correlated models


• classification of field theories


• classical magnetism, skyrmions


• etc.

topological classification of interacting lattice electron models ?

extensionsextensions

combination

Correlations and Topology



Our Goal ?

Can we topologically classify all interacting electron models ?

Can we topologically classify all interacting lattice electron models ?

Can we topologically classify all lattice-electron models  
with local interactions on infinite-dimensional lattices ?

Can we topologically classify, in infinite dimensions,  
Hubbard-type lattice models derived from noninteracting prototypes  
of the tenfold way?

Can we topologically classify at least one of the  
prototype band models of the tenfold way, plus Hubbard-U,  
on an infinite-dimensional lattice ?

?



Topological Hamiltonian

noninteracting system, M orbitals, dimension D

equivalently classification can be based on the map

<latexit sha1_base64="KhttW69wsy28oAOd+MAeQdEMD/4="></latexit>

1BZ = TD
3 k 7! ✏(k) 2 GL(M,R)
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k → G
(0)(k, ω) =

1

ω − ✏(k)

interacting system: classification in terms of
<latexit sha1_base64="6pqpBaRSoFaiiHH37qqUjne/MzI="></latexit>

(k, ω) 7! G(k, ω) =
1

ω − ✏(k)−Σ(k, ω)
Volovik, Zh. Eksp. Teor. Fiz.( 1988)

Thunström, Held, arXiv (2019)  
Savrasov, Haule, Kotliar, PRL (2006)

Ishikawa and Matsuyama, ZPC (1986)

N2 ¼
1

24!
2

Z

dk0d
2
kTr½#$%&

G@$G
"1
G@%G

"1
G@&G

"1&e.g. for D=2:

smooth interpolation

Wang, Zhang, PRX (2012)
… if the self-energy is local topological Hamiltonian

Htop(k) = ϵ(k) + Σ(ω = 0)

<latexit sha1_base64="m5ww0GaKenTYzkMv/sLI2TM/Buo="></latexit>

G(k, ω, λ) :=
1− λ

ω − ✏(k)−Σ(k, ω)
+

λ

ω − ✏(k)−Σ(k, ω = 0)



DMFT applied to TI’s + U in D=2 or D=3

Haldane model + U
Vanhala, Siro, Liang, Troyer, 

Harju, Törmä , PRL (2016)

Markov, Rohringer, Rubtsov, PRB (2019) 

Hofstadter butterfly + U
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Qi-Wu-Zhang (QWZ) model

D=2 square lattice, two-orbitals, broken TRS, made spinful

Qi, Wu, Zhang, PRB (2006)
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d(k) =





t sin kx
t sin ky

m+ t cos kx + t cos ky




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H0 =
X

k

MX

α,β=1

X

σ=↑,↓

✏αβ(k)c
†
kασckβσ
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✏(k) = d(k) · ⌧

Cartan d⧹ 0 1 2 3 4 5 6 7 8

Complex case:

A 0 0 0 0 L

AIII 0 0 0 0 0 L

Real case:

AI 0 0 0 2 0 2 2 L

BDI 2 0 0 0 2 0 2 2 L

D 2 2 0 0 0 2 0 2 L

DIII 0 2 2 0 0 0 2 0 L

AII 2 0 2 2 0 0 0 2 L

CII 0 2 0 2 2 0 0 0 L

C 0 0 2 0 2 2 0 0 L

CI 0 0 0 2 0 2 2 0 L
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τ =





τx

τy

τz





two bands:

gap closes at:            if: 
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✏±(k) = ±

q

t2(sin2 kx + sin2 ky) + (m+ t cos kx + t cos ky)2
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kx = 0, ky = 0 and m = −2t

kx = 0, ky = π and m = 0

kx = π, ky = 0 and m = 0

kx = π, ky = π and m = +2t
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(M = 2)



Qi-Wu-Zhang (QWZ) model

Qi, Wu, Zhang, PRB (2006)

✏(k) =

 

m+ t

D
X

r=1

cos kr

!

γ
(0)
D + t

D
X

r=1

sin krγ
(r)
D
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d(k) =





t sin kx
t sin ky

m+ t cos kx + t cos ky




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H0 =
X

k

MX

α,β=1

X

σ=↑,↓

✏αβ(k)c
†
kασckβσ
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✏(k) = d(k) · ⌧

Cartan d⧹ 0 1 2 3 4 5 6 7 8

Complex case:

A 0 0 0 0 L

AIII 0 0 0 0 0 L

Real case:

AI 0 0 0 2 0 2 2 L

BDI 2 0 0 0 2 0 2 2 L

D 2 2 0 0 0 2 0 2 L

DIII 0 2 2 0 0 0 2 0 L

AII 2 0 2 2 0 0 0 2 L

CII 0 2 0 2 2 0 0 0 L

C 0 0 2 0 2 2 0 0 L

CI 0 0 0 2 0 2 2 0 L
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τ =





τx

τy

τz





can be written as (D=2)

and with
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γ
(1)
D = τx γ

(2)
D = τ y γ

(0)
D = τ z = −iτxτ y
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D=2 square lattice, two-orbitals, broken TRS, made spinful



QWZ model on the hypercubic lattice (even D)

Bloch Hamiltonian

✏(k) =

 

m+ t

D
X

r=1

cos kr

!

γ
(0)
D + t

D
X

r=1

sin krγ
(r)
D

with generators of Clifford algebra

s {γ(µ)
D ,γ

(ν)
D } = 2δ(µν) for µ, ν = 0, 1, ..., D.
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m = (D − 2n0)t

band dispersions

gap closure for

at          HSPs                                        in the 1BZor
(

D

n0

)

here n

D=4
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 limit and scaling of the hoppingD → ∞

free Green’s function of orbital α

G(0)
αα(k,ω) =

"

ω +
P

µ dµ(k)γ
µ
D

ω
2 −

P

µ dµ(k)
2

#

αα

trivial normalization

M
(1)
α = mγ

(0)
αα = ±m,

(2)

is unity, while the locations of th
✏max,min = ±(|m|+

p
Dt∗) 7! ±1.

moments of the local DOS of orbital α

R

on M
(0)
α = 1,

with the usual scaling

g t∗ = 1,
0 1

t = t∗/
p
D

band edges
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band closures at
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A and B orbitals



DOS in the  limitD → ∞

ρα(ω) =
1

2
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t∗
p
π
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p
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t∗) signω

X

s=±
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@

ω
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+ szα
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A exp
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B

@
−

⇣

s
q

ω2 − 1
2 t

∗2 −m
⌘2

t∗2

1

C

A

there is a finite gap                    independent of m!gap ∆ =
√
2t∗.

local DOS of orbital  in the limit α D → ∞

<latexit sha1_base64="9kUkletsmooCitoKsBrEZCXapak=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4cZjJNpODEPTiMYJJhGz0dDpJk56F7holhPyHFw+KePVfvPk39iQRVPRBweO9KqrqeZHgCizrw0itrK6tb6Q3M1vbO7t72f2DhgpjSVmdhiKUtx5RTPCA1YGDYLeRZMT3BGt648vEb94xqXgY3MAkYh2fDAM+4JSAlrr++ZltljB020RBppfNWablupWygy2zYOdLFVcTp1CoOC62TWuOHFqi1su+t/shjX0WABVEqZZtRdCZEgmcCjbLtGPFIkLHZMhamgbEZ6oznV89wyda6eNBKHUFgOfq94kp8ZWa+J7u9AmM1G8vEf/yWjEM3M6UB1EMLKCLRYNYYAhxEgHuc8koiIkmhEqub8V0RCShoINKQvj6FP9PGnnTLpvF62KuerGMI42O0DE6RTZyUBVdoRqqI4okekBP6Nm4Nx6NF+N10ZoyljOH6AeMt0/iYJGB</latexit>

m = −1.5t
∗



Irreps of Clifford algebra

Bloch Hamiltonian

✏(k) =

 

m+ t

D
X

r=1

cos kr

!

γ
(0)
D + t

D
X

r=1

sin krγ
(r)
D

with generators of Clifford algebra

s {γ(µ)
D ,γ

(ν)
D } = 2δ(µν) for µ, ⌫ = 0, 1, ..., D.

Prodan, Schulz-Baldes (2016) 
“Bulk and Boundary Invariant for  
Complex Topological Insulators”

Theorem

at ClD+2
∼= Mat(2,C) ⊗ ClD

s γ
(0)
D+2 = τ z ⊗ 1, w

γ
(r)
D+2 = τx ⊗ γ

(r)
D , for r = 1, ..., D

γ
(D+1)
D+2 = τx ⊗ γ

(0)
D , γ

(D+2)
D+2 = τ y ⊗ 1

• for even D, there is a unique irrep of the 

complex Clifford algebra 

•   

• dimension of the representation: M= 2D/2

explicit iterative construction

immediate consequences

• number of orbitals   (diverges for ) 

• A- and B-orbitals (m: strength of staggered orbital field) 

• degenerate band structure

M = 2D/2 D → ∞



Chern number

K-theory yields:
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Chern number
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Prodan, Schulz-Baldes (2016)

band closure
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lim
D→∞

CD ?

with increasing lattice dimension:

• more and more topological phases  

• with increasing Chern numbers 

• in an ever narrower m-range
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∆m = 2t∗/
√

D

interpretation

• (D-1)-dim. (1000…) surface hosts  

gapless edge states 

• Weyl nodes at surface-projected HSP’s  

in the (D-1)-dim surface BZ 

• sign: chirality of the of the Weyl points

kn0
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DMFT of QWZ+U 

C6=0

1

-5

10

0

C4=0

-1

3

0

C2=0

1

0 D=2

D=4

D=6

• trivial band insulator, trivial Mott insulator 

• nontrivial intermediate phases 

• more phases with increasing D 

• phase diagram symmetric   

• at m=0: transition from an interacting  

Chern insulator to trivial Mott insulator 

• strong A-B orbital polarization: 

 

•  

m ↔ − m

ΣA → U , ΣB → 0 for m → ∞

Uc(m) ∼ |m | for m → ± ∞
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µ → µ+Σ+(ω = 0)
<latexit sha1_base64="E/kXVW/R45W7j3V7xDp6R+b5l5I=">AAACBnicbVDLSsNAFJ3UV62vqEsRhhahUiyJiLoRim5cVrQPaEKYTKft0JkkzEyEELpy4wf4E25cKOLWb3DXv3HSutDWAwOHc+7lzjl+xKhUljU2cguLS8sr+dXC2vrG5pa5vdOUYSwwaeCQhaLtI0kYDUhDUcVIOxIEcZ+Rlj+8yvzWPRGShsGdSiLictQPaI9ipLTkmfscOiqEHFagc0v7HHlHZSfkpI8urMOCZ5asqjUBnCf2DynVik7laVxL6p755XRDHHMSKMyQlB3bipSbIqEoZmRUcGJJIoSHqE86mgaIE+mmkxgjeKCVLuyFQr9AwYn6eyNFXMqE+3qSIzWQs14m/ud1YtU7d1MaRLEiAZ4e6sUM6uBZJ7BLBcGKJZogLKj+K8QDJBBWurmsBHs28jxpHlft0+rJjW7jEkyRB3ugCMrABmegBq5BHTQABg/gGbyCN+PReDHejY/paM742dkFf2B8fgOlqZmr</latexit>

m → m+Σ
−
(ω = 0)

<latexit sha1_base64="+bVlDzMWJhS3u0KBx1g4UV5AMV4=">AAACFnicbZDLSgMxFIYz9VbrbdSFiJtgEerCMlNEuxFq3bisaC/QKSWTZtrQZGZIMkIpfQo3voobF4q4Le5049bHMNPOQqs/BP585xyS87sho1JZ1ruRmptfWFxKL2dWVtfWN8zNrZoMIoFJFQcsEA0XScKoT6qKKkYaoSCIu4zU3f5FXK/fEiFp4N+oQUhaHHV96lGMlEZt88i5pl2O2k7I4Rl0PIGwXYC5hJ7DmCeX8mGmbWatvDUR/GvsxGRLxc/xzsfXbqVtvjmdAEec+AozJGXTtkLVGiKhKGZklHEiSUKE+6hLmtr6iBPZGk7WGsEDTTrQC4Q+voIT+nNiiLiUA+7qTo5UT87WYvhfrRkpr9gaUj+MFPHx9CEvYlAFMM4IdqggWLGBNggLqv8KcQ/paJROMg7Bnl35r6kV8vZJ/vhKp1EGU6XBHtgHOWCDU1ACl6ACqgCDO/AAnsCzcW88Gi/G67Q1ZSQz2+CXjPE36I+hFw==</latexit>

Σ± =
1

2
(ΣA ± ΣB)

topological phase diagrams  
for even finite D at half-filling

topological  
Hamiltonian



Chern density

CD(n0) = (−1)n0+
D

2

✓

D − 1

n0

◆

Chern number sum rule
<latexit sha1_base64="nUkKkmxOtkYG8IfSOeKzBOi3Omw="></latexit>

D−1X

n0=0

1

2D−1
|CD(n0)| = 1

<latexit sha1_base64="sI+La86jFVXmDFosVpqNi5AOlIU="></latexit>

m =

✓

√

D − 2
n0
√

D

◆

t
∗

<latexit sha1_base64="EjdWU/LRGCFQvpeeg08P+UmKbSY=">AAACDHicbVDLSgMxFM34rPVVdekmtAiCUGeKqBuhaBcuK9gHdGrJpGkbmsyMyR1hGPoBblz5H25cKOLWD3DXvzF9LLT1QOBwzrnc3OOFgmuw7aG1sLi0vLKaWkuvb2xubWd2dqs6iBRlFRqIQNU9opngPqsAB8HqoWJEeoLVvP7VyK89MKV54N9CHLKmJF2fdzglYKRWJueWmACCJb4owJ1LNOBj7Op7BUlpgF0IcFualJ23x8DzxJmSXDHrHj0Pi3G5lfl22wGNJPOBCqJ1w7FDaCZEAaeCDdJupFlIaJ90WcNQn0imm8n4mAE+MEobdwJlng94rP6eSIjUOpaeSUoCPT3rjcT/vEYEnfNmwv0wAubTyaJOJLC5cdQMbnPFKIjYEEIVN3/FtEcUoWD6S5sSnNmT50m1kHdO8yc3po1LNEEK7aMsOkQOOkNFdI3KqIIoekQv6A29W0/Wq/VhfU6iC9Z0Zg/9gfX1A6C1nRY=</latexit>

∆m = 2t∗/
√
D → dm

c(m) =
1

t∗
√
2π

e−
1

2

m
2

t∗2

define: Moivre-Laplace theorem

band closure condition

every m is critical !

<latexit sha1_base64="Rj+xr649yVF3i9EqgQjxVfmtYmQ=">AAAB7nicdVDLSsNAFJ3UV62vat25GSyCq5A0remy1I3LCvYBTSiT6aQdOnkwMxFC6Eco4kIRt36PO//Az3DSKqjogQuHc+7l3nu8mFEhDeNNK6ysrq1vFDdLW9s7u3vl/YOeiBKOSRdHLOIDDwnCaEi6kkpGBjEnKPAY6Xuz89zvXxMuaBReyTQmboAmIfUpRlJJfadNJ05WGpWrhm407LrVhIZet2zLtBUxjIZVs6GpSI5qy767TSvvh51R+dUZRzgJSCgxQ0IMTSOWboa4pJiReclJBIkRnqEJGSoaooAIN1ucO4cnShlDP+KqQgkX6veJDAVCpIGnOgMkp+K3l4t/ecNE+k03o2GcSBLi5SI/YVBGMP8djiknWLJUEYQ5VbdCPEUcYakSykP4+hT+T3o13TzT65cqjTZYogiOwDE4BSawQQtcgA7oAgxm4AY8gEct1u61J+152VrQPmcq4Ae0lw82R5J+</latexit>

n

continuum limit

<latexit sha1_base64="4Og1FH6pQMYD4Xc0DOurvd8I7dA="></latexit>

=

r

2

πD
exp

✓

−
1

2

m
2

t∗
2

◆

=
2t∗
√
D

1

t∗
√
2π

exp

✓

−
1

2

m
2

t∗
2

◆

≡ c(m)dm

Chern density
<latexit sha1_base64="m6QD48D4iC5xCZq3FiC1t8nYMCg=">AAACDnicbZC9SwMxGMZzftbz69TRJShCHSx3IuoiVF0cFawKbS25NFdDk9yRvCeUo+Du4h/i4uKgiIOLs5t/jGL6MWjrCyE/nud9Sd4nTAQ34Pufzsjo2PjEZG7KnZ6ZnZv3FhbPTJxqyko0FrG+CIlhgitWAg6CXSSaERkKdh42Dzv++TXThsfqFFoJq0rSUDzilICVat6aW+EKatmGvSJotS+zPmCal+u4LvFe4Lo1b9Uv+N3CwxD0YbW4/3Xzlvu+P655H5V6TFPJFFBBjCkHfgLVjGjgVLC2W0kNSwhtkgYrW1REMlPNuuu08ZpV6jiKtT0KcFf9PZERaUxLhrZTErgyg15H/M8rpxDtVjOukhSYor2HolRgiHEnG1znmlEQLQuEam7/iukV0YSCTbATQjC48jCcbRaC7cLWiU3jAPUqh5bRCsqjAO2gIjpCx6iEKLpFD+gJPTt3zqPz4rz2Wkec/swS+lPO+w+m4Z8A</latexit>Z

∞

−∞

c(m)dm = 1

<latexit sha1_base64="PJ+adzsLmYOmGUZmQ8zUTICdBzI="></latexit>

c(n0) =
1

2D−1

✓

D − 1

n0

◆

D→∞

=

r

2

πD
exp

✓

−2
[(D/2)− n0]

2

D

◆



Phase diagram of the  QWZ+U modelD → ∞

<latexit sha1_base64="9xRcyQZV5BXwl9n+NiSGCF9GzlQ=">AAAB7XicbVDLSgNBEJyNrxhfUY9ehgQhooRdEfUY9OIxgpsEkiXMTmaTMfNYZmaFZck/eNCDIl79H2/5GyePgyYWNBRV3XR3hTGj2rju2MmtrK6tb+Q3C1vbO7t7xf2DhpaJwsTHkknVCpEmjAriG2oYacWKIB4y0gyHtxO/+USUplI8mDQmAUd9QSOKkbFSA1f4mX/SLZbdqjsFXCbenJRrpc7py7iW1rvF705P4oQTYTBDWrc9NzZBhpShmJFRoZNoEiM8RH3StlQgTnSQTa8dwWOr9GAklS1h4FT9PZEhrnXKQ9vJkRnoRW8i/ue1ExNdBxkVcWKIwLNFUcKgkXDyOuxRRbBhqSUIK2pvhXiAFMLGBlSwIXiLLy+TxnnVu6xe3Ns0bsAMeXAESqACPHAFauAO1IEPMHgEz+ANvDvSeXU+nM9Za86ZzxyCP3C+fgCEsJFs</latexit> c(
m
,
U
)

Mott  
insulator

Chern 
insulator 

continuum

band 
insulator

• on iso-Chern lines: topologically equivalent systems


• continuum of topologically different phases on paths crossing iso-Cherns 



gap ∆ =
√
2t∗.Electronic structure

<latexit sha1_base64="xtrY61thI6FXaL8cQAxv5coJzyw=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiVChlRoq6EYpuXFawF2iHIZNm2tBMZkgyQhn6AG58FTcuFHHrA7jzbUzbWWjrgZCP/5yf5Px+zJnStv1t5VZW19Y38puFre2d3b3i/kFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7oZtpvP1CpWCTu9TimbogHggWMYG0kr1gaeanw7Am6QmW70utHWlXMHbOMDZ2aKbtqzwotg5NBCbJqeMUvYyZJSIUmHCvVdexYuymWmhFOJ4VeomiMyQgPaNegwCFVbjpbZoJOjNJHQSTNERrN1N+OFIdKjUPfTIZYD9Vibyr+1+smOrh0UybiRFNB5g8FCUc6QtNkUJ9JSjQfG8BEMvNXRIZYYqJNfgUTgrO48jK0zqrOebV2VyvVr7M48nAEx1AGBy6gDrfQgCYQeIRneIU368l6sd6tj/lozso8h/CnrM8flEKZcQ==</latexit>

kn0
= (0, . . . , 0, π, . . . , π)

<latexit sha1_base64="BejuzdXcXMg83nsCFopOb3JhlBo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9V3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwD9z42e</latexit>

n0

<latexit sha1_base64="DyARGsfpL8QycdvCWDkR5fommbE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMdSLx4r2A9oQtlsN+nS3U3Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJVyeZIrRDEp6ofog15UzSjmGG036qKBYhp71wcjf3e09UaZbIRzNNaSBwLFnECDZW6vktFsf+bFituXV3AbROvILUoEB7WP3yRwnJBJWGcKz1wHNTE+RYGUY4nVX8TNMUkwmO6cBSiQXVQb44d4YurDJCUaJsSYMW6u+JHAutpyK0nQKbsV715uJ/3iAz0W2QM5lmhkqyXBRlHJkEzX9HI6YoMXxqCSaK2VsRGWOFibEJVWwI3urL66R7Vfeu642HRq3ZKuIowxmcwyV4cANNuIc2dIDABJ7hFd6c1Hlx3p2PZWvJKWZO4Q+czx8oNY93</latexit>

)

or
(

D

n0

)

here n

✏(k) =

 

m+ t

D
X

r=1

cos kr

!

γ
(0)
D + t

D
X

r=1

sin krγ
(r)
D

<latexit sha1_base64="tmR8FcE61xPHwbbi+QSNDV5q3Ig="></latexit>

✏±(k) = ±
t
∗

√
D

v

u

u

t

D
X

r=1

(kr − kn0,r)
2

for 

close to one of the         equivalent HSPs                                      in the 1BZ 

<latexit sha1_base64="sI+La86jFVXmDFosVpqNi5AOlIU="></latexit>

m =

✓

√

D − 2
n0
√

D

◆

t
∗ the Bloch Hamiltonian

leads to a Dirac-cone dispersion

ρα(ω) = c(D,n0)|ω|D−1/t∗D

local DOS at low frequencies

c(D,n0) → 0 for D → ∞ exponentially fast

<latexit sha1_base64="DyARGsfpL8QycdvCWDkR5fommbE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMdSLx4r2A9oQtlsN+nS3U3Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJVyeZIrRDEp6ofog15UzSjmGG036qKBYhp71wcjf3e09UaZbIRzNNaSBwLFnECDZW6vktFsf+bFituXV3AbROvILUoEB7WP3yRwnJBJWGcKz1wHNTE+RYGUY4nVX8TNMUkwmO6cBSiQXVQb44d4YurDJCUaJsSYMW6u+JHAutpyK0nQKbsV715uJ/3iAz0W2QM5lmhkqyXBRlHJkEzX9HI6YoMXxqCSaK2VsRGWOFibEJVWwI3urL66R7Vfeu642HRq3ZKuIowxmcwyV4cANNuIc2dIDABJ7hFd6c1Hlx3p2PZWvJKWZO4Q+czx8oNY93</latexit>

)

D=2

D=∞



Semimetal vs. topological insulator

<latexit sha1_base64="xtrY61thI6FXaL8cQAxv5coJzyw=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiVChlRoq6EYpuXFawF2iHIZNm2tBMZkgyQhn6AG58FTcuFHHrA7jzbUzbWWjrgZCP/5yf5Px+zJnStv1t5VZW19Y38puFre2d3b3i/kFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7oZtpvP1CpWCTu9TimbogHggWMYG0kr1gaeanw7Am6QmW70utHWlXMHbOMDZ2aKbtqzwotg5NBCbJqeMUvYyZJSIUmHCvVdexYuymWmhFOJ4VeomiMyQgPaNegwCFVbjpbZoJOjNJHQSTNERrN1N+OFIdKjUPfTIZYD9Vibyr+1+smOrh0UybiRFNB5g8FCUc6QtNkUJ9JSjQfG8BEMvNXRIZYYqJNfgUTgrO48jK0zqrOebV2VyvVr7M48nAEx1AGBy6gDrfQgCYQeIRneIU368l6sd6tj/lozso8h/CnrM8flEKZcQ==</latexit>

k = (0, . . . , 0, π, . . . , π)

<latexit sha1_base64="sI+La86jFVXmDFosVpqNi5AOlIU="></latexit>

m =

✓

√

D − 2
n0
√

D

◆

t
∗

finite dimension D:

infinite dimensions:

<latexit sha1_base64="xtrY61thI6FXaL8cQAxv5coJzyw=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiVChlRoq6EYpuXFawF2iHIZNm2tBMZkgyQhn6AG58FTcuFHHrA7jzbUzbWWjrgZCP/5yf5Px+zJnStv1t5VZW19Y38puFre2d3b3i/kFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/7oZtpvP1CpWCTu9TimbogHggWMYG0kr1gaeanw7Am6QmW70utHWlXMHbOMDZ2aKbtqzwotg5NBCbJqeMUvYyZJSIUmHCvVdexYuymWmhFOJ4VeomiMyQgPaNegwCFVbjpbZoJOjNJHQSTNERrN1N+OFIdKjUPfTIZYD9Vibyr+1+smOrh0UybiRFNB5g8FCUc6QtNkUJ9JSjQfG8BEMvNXRIZYYqJNfgUTgrO48jK0zqrOebV2VyvVr7M48nAEx1AGBy6gDrfQgCYQeIRneIU368l6sd6tj/lozso8h/CnrM8flEKZcQ==</latexit>

kn0
= (0, . . . , 0, π, . . . , π)

<latexit sha1_base64="BejuzdXcXMg83nsCFopOb3JhlBo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9V3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwD9z42e</latexit>

n0

<latexit sha1_base64="DyARGsfpL8QycdvCWDkR5fommbE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMdSLx4r2A9oQtlsN+nS3U3Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJVyeZIrRDEp6ofog15UzSjmGG036qKBYhp71wcjf3e09UaZbIRzNNaSBwLFnECDZW6vktFsf+bFituXV3AbROvILUoEB7WP3yRwnJBJWGcKz1wHNTE+RYGUY4nVX8TNMUkwmO6cBSiQXVQb44d4YurDJCUaJsSYMW6u+JHAutpyK0nQKbsV715uJ/3iAz0W2QM5lmhkqyXBRlHJkEzX9HI6YoMXxqCSaK2VsRGWOFibEJVWwI3urL66R7Vfeu642HRq3ZKuIowxmcwyV4cANNuIc2dIDABJ7hFd6c1Hlx3p2PZWvJKWZO4Q+czx8oNY93</latexit>

)

• Chern density c(m,U) varies continuously 

• distinction between SM and TI not meaningful  

• there is no “band closure at isolated k-points in the 1BZ” 

 

Dirac cone:  

 

 

here 

 

but                                                 is a semi-norm

SM

TI

SM SM

TI
m, U

BI/MI

SM SM

n0 = 0n0 = 1n0 = D

BI/MI

<latexit sha1_base64="y9XyRTGtrqiRiYVTZRaesfuomKo=">AAAB8nicbVDLSsNAFJ3UR2t9VV26GS2Cq5KIqMuKG5cV7EOaUCaTSTt0kgkzN0JJ+xluXFTErX/gX7jzN/wCp4+Fth64cDjnXu69x08E12DbX1ZuZXVtPV/YKG5ube/slvb2G1qmirI6lUKqlk80EzxmdeAgWCtRjES+YE2/fzPxm49MaS7jexgkzItIN+YhpwSM1HaH2KWBBOwOO6WyXbGnwMvEmZNy9aiZHz98f9Q6pU83kDSNWAxUEK3bjp2AlxEFnAo2KrqpZgmhfdJlbUNjEjHtZdOTR/jEKAEOpTIVA56qvycyEmk9iHzTGRHo6UVvIv7ntVMIr7yMx0kKLKazRWEqMEg8+R8HXDEKYmAIoYqbWzHtEUUomJSKJgRn8eVl0jirOBeV8zuTxjWaoYAO0TE6RQ66RFV0i2qojiiS6AmN0YsF1rP1ar3NWnPWfOYA/YH1/gNCrJRF</latexit>

k · k
<latexit sha1_base64="EjnakRGxkjbpNhT1Kyqv3Ci+emo=">AAACDXicbVC7TgMxEPSFd3gFKGkMAYkCRXcIAQ0SiIYyIJKAcqfI5ziJFZ99svdA0cEP0PAHfAMNBQ/R0tPxG3wBTkIBCSOtNJ7ZlXcnjAU34LqfTmZkdGx8YnIqOz0zOzefW1gsG5VoykpUCaXPQ2KY4JKVgINg57FmJAoFq4Tto65fuWTacCXPoBOzICJNyRucErBSLbfmX7exf433sYt9qQD7m9g/5c0WEK3VlX22991aLu8W3B7wMPF+SP5gpTJxf/H1UqzlPvy6oknEJFBBjKl6bgxBSjRwKthN1k8MiwltkyarWipJxEyQ9q65wetWqeOG0rYk4J76eyIlkTGdKLSdEYGWGfS64n9eNYHGXpByGSfAJO1/1EgEBoW70eA614yC6FhCqOZ2V0xbRBMKNsCsDcEbPHmYlLcK3k5h+8SmcYj6mETLaBVtIA/togN0jIqohCi6RQ/oCT07d86j8+q89Vszzs/MEvoD5/0bf66c/A==</latexit>

kkk = 0 6 ) k = 0

<latexit sha1_base64="EjdWU/LRGCFQvpeeg08P+UmKbSY=">AAACDHicbVDLSgMxFM34rPVVdekmtAiCUGeKqBuhaBcuK9gHdGrJpGkbmsyMyR1hGPoBblz5H25cKOLWD3DXvzF9LLT1QOBwzrnc3OOFgmuw7aG1sLi0vLKaWkuvb2xubWd2dqs6iBRlFRqIQNU9opngPqsAB8HqoWJEeoLVvP7VyK89MKV54N9CHLKmJF2fdzglYKRWJueWmACCJb4owJ1LNOBj7Op7BUlpgF0IcFualJ23x8DzxJmSXDHrHj0Pi3G5lfl22wGNJPOBCqJ1w7FDaCZEAaeCDdJupFlIaJ90WcNQn0imm8n4mAE+MEobdwJlng94rP6eSIjUOpaeSUoCPT3rjcT/vEYEnfNmwv0wAubTyaJOJLC5cdQMbnPFKIjYEEIVN3/FtEcUoWD6S5sSnNmT50m1kHdO8yc3po1LNEEK7aMsOkQOOkNFdI3KqIIoekQv6A29W0/Wq/VhfU6iC9Z0Zg/9gfX1A6C1nRY=</latexit>
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What does not ?

What survives  ?D → ∞

• local correlations effects


• nontrivial topological classification


• the overall structure of the finite-D phase diagrams


• DMFT solves the problem exactly

• distinction between semi-metal / insulator states


• arguments based on the discreteness of the topological invariant


• Chern density is positive: chirality of edge modes ? 


• there is not the  limit (only even D considered)D → ∞

<latexit sha1_base64="9xRcyQZV5BXwl9n+NiSGCF9GzlQ=">AAAB7XicbVDLSgNBEJyNrxhfUY9ehgQhooRdEfUY9OIxgpsEkiXMTmaTMfNYZmaFZck/eNCDIl79H2/5GyePgyYWNBRV3XR3hTGj2rju2MmtrK6tb+Q3C1vbO7t7xf2DhpaJwsTHkknVCpEmjAriG2oYacWKIB4y0gyHtxO/+USUplI8mDQmAUd9QSOKkbFSA1f4mX/SLZbdqjsFXCbenJRrpc7py7iW1rvF705P4oQTYTBDWrc9NzZBhpShmJFRoZNoEiM8RH3StlQgTnSQTa8dwWOr9GAklS1h4FT9PZEhrnXKQ9vJkRnoRW8i/ue1ExNdBxkVcWKIwLNFUcKgkXDyOuxRRbBhqSUIK2pvhXiAFMLGBlSwIXiLLy+TxnnVu6xe3Ns0bsAMeXAESqACPHAFauAO1IEPMHgEz+ANvDvSeXU+nM9Za86ZzxyCP3C+fgCEsJFs</latexit> c(
m
,
U
)
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To do

Can we topologically classify all interacting electron models ?

Can we topologically classify all interacting lattice electron models ?

Can we topologically classify all lattice-electron models  
with local interactions on infinite-dimensional lattices ?

Can we topologically classify, in infinite dimensions,  
Hubbard-type lattice models derived from noninteracting prototypes  
of the tenfold way?

Can we topologically classify at least one of the  
prototype band models of the tenfold way, plus Hubbard-U,  
on an infinite-dimensional lattice ?

?


