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• New technique to deal with electronic

interactions

• Common aspects to strongly correlated

materials and mesoscopic devices

• How is metallic coherence restored?
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Mott physics in 2d organics
κ-(BEDT)2Cu[N(CN)2]Cl
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Correlations in mesoscopic
devices
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→ Quantum impurity models
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Impurity solver

Ideally, one wants:
• non perturbative solution
• real frequency computation
• multiorbital
• fast and accurate...
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Slave Rotor representation
Generalized SU(N ) impurity σ = 1 . . . N :

H =
U

2

[

∑

σ

(

d†σdσ −
1

2

)

]2

=
U

2
L̂2

with the equivalence:

d†σ = f †
σe

iθ, L̂ = −i∂/∂θ

Necessary constraint:

L̂ =
∑

σ

(

d†σdσ −
1

2

)
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Applications

• Anderson impurity model
• Mott transition

• DMFT
• Beyond DMFT

• Mesoscopic
• Single Electron Box
• Granular systems
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Anderson model

H =
∑

σ

ε0f
†
σfσ +

U

2
L̂2 +

∑

kσ

εkc
†
kσckσ

+
∑

kσ

V
(

c†kσfσe
−iθ + f †

σe
iθckσ

)

⊕

constraint

S =

∫ β

0

dτ
∑

σ

f †
σ(∂τ + ε0 − h)fσ +

(∂τθ + ih)2

2U
+

N

2
h

+

∫ β

0

dτ

∫ β

0

dτ ′∆(τ−τ ′)
∑

σ

f †
σ(τ)fσ(τ

′) eiθ(τ)−iθ(τ ′)
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Approximation scheme
DefineX ≡ eiθ

Spherical limit:|X(τ)|2 = 1 in average

Green’s functions:

Gf(iωn)
−1 = iωn − ε0 + h − Σf(iωn)

GX(iνn)
−1 =

ν2
n

U
+ λ − 2ihνn

U
− ΣX(iνn)

GX(τ = 0) = 1

Self-energies:

ΣX(τ) = N∆(τ)Gf (τ)

Σf(τ) = ∆(τ)GX(τ)
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Similarities with U-NCA:
• Integral Equations
• Overscreening aspect (NFL)

Differences with U-NCA:
• Pinning for all U (not exact value)
• Causality
• Limit U=0 exact
• Complexity of the sigma-model
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Kondo effect
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DMFT for the Hubbard model

Effective Anderson model with self-consistency:

Gd(iωn) =
∑

~k

1

∆(iωn) + Gd(iωn)−1 − ε~k

Locality of the self-energy

Pinning⇒ Brinkman-Rice picture of the MIT:

m/m∗ ∼ Z → 0
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Mott transition in DMFT
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Beyond DMFT

Hubbard model revisited:

S =

∫ β

0

dτ
∑

iσ

f †
iσ(∂τ + ε0 − hi)fiσ +

∑

i

(∂τθi + ihi)
2

2U

−
∑

ijσ

tijf
†
iσfjσe

iθi−iθj

Bond mean-field:Q =< f †
iσfjσ > andQ =< XiX

∗
j >

analogous toQ(τ − τ ′) =< X(τ)X∗(τ ′) >
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Gf(iωn, ~k)−1 = iωn − ε0 + h − Qε~k

GX(iνn, ~k)−1 =
ν2

n

U
+ λ − Qε~k

GX(τ = ~x = 0) = 1

Metallic phase:

Z =< X >2

m

m∗ = Q ∼ Z +
t

U

Gd(iωn, ~k) = Gf?GX =
Z

iωn − ε0 + h − Qε~k

+Gincoherent
d
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Mott transition
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Tunnel junction

LEADBOX

tunneling

U

εkεα

H =
∑

σα

εαf †
σαfσα +

U

2
L̂2 +

∑

kσ

εkc
†
kσckσ

+
∑

kσα

V√
NB

(

c†kσfσαe−iθ + f †
σαeiθckσ

)
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Model

S =

∫ β

0

dτ
∑

σα

f †
σα(∂τ + εα)fσα +

(∂τθ)
2

2U

+

∫ β

0

dτ

∫ β

0

dτ ′∆(τ−τ ′)

NB

∑

σαα′

f †
σα(τ)fσα′(τ ′) eiθ(τ)−iθ(τ ′)

Usually, phase-only treatment, valid for:
• weak tunneling or many channels
• incoherent regime

Cf. review Schön and Zaikin
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G−1
X =

(

−∂2
τ

U
+ λ

)

δττ ′ +
∆ττ ′

NB

∑

σαα′

〈

f †
σα(τ)fσα′(τ ′)

〉

(

G−1
f

)

αα′

= (∂τ + εα)δττ ′δαα′ +
∆ττ ′

NB

〈X(τ)X∗(τ ′)〉
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Coulomb blockade
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Outlook

Description of Coulomb blockade and Kondo effect
on an equal footing

Useful for coherent tunneling [failure of phase-only
approaches]:

• Discrete spectrum
• Metal-insulator transition in extended granular

system

Work in progress (Florens, Georges, Guinea, San Jose)
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Conclusion

• New representation to deal with the
electron-electron interactions

• General method to attack the strong correlation
problem

• Non local interactions
• Application to mesoscopic devices and granular

systems

Karlsruhe, Janv. 2003 – p.23/24



Unrelated work

• Transport calculations for 2d organics
• Theory for spectroscopy at surfaces in TaSe2

• Coulomb interaction in metals (Extended DMFT)
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