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Dyson equation in COM
Ingredients of COM

The simplest interacting model

H =−µ ∑
σ

c†
σ cσ +Uc†

↑c†
↓c↓c↑

can be formally diagonalized as

H =−µ ∑
σ

ξ
†
σ ξσ +

(
U
2
−µ

)
∑
σ

η
†
σ ησ

where the composite operators

ξσ =
(

1−c†
σ̄

cσ̄

)
cσ and ησ = c†

σ̄
cσ̄ cσ
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where the composite operators

ξσ =
(

1−c†
σ̄

cσ̄

)
cσ and ησ = c†

σ̄
cσ̄ cσ

are eigenoperators of the Hamiltonian

i
∂

∂ t
ξσ = [ξσ , H] =−µξσ

i
∂

∂ t
ησ = [ησ , H] =−(µ −U)ησ

Adolfo Avella (Università di Salerno, Italy) Underdoped cuprates phenomenology in the 2D Hubbard model within COM(SCBA)



Composite Operator Method (COM) Hubbard Model Cuprates Summary
Philosophy of COM
Dyson equation in COM
Ingredients of COM

The simplest interacting model

H =−µ ∑
σ

c†
σ cσ +Uc†

↑c†
↓c↓c↑

can be formally diagonalized as

H =−µ ∑
σ

ξ
†
σ ξσ +

(
U
2
−µ

)
∑
σ

η
†
σ ησ

where the composite operators

ξσ =
(

1−c†
σ̄

cσ̄

)
cσ and ησ = c†

σ̄
cσ̄ cσ
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are the new elementary excitations

c =⇒ ξ , η

↓ ↓
no more new elementary

observables!!! excitations!!!
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Philosophy of COM
Dyson equation in COM
Ingredients of COM

Given the Hamiltonian H

H = H[ϕ] ϕ: bare particles

and composite operators ψ = ψ[ϕ],
the current J reads as

J = i
∂

∂ t
ψ = [ψ, H] = εψ +δJ

where, after
〈{

δJ, ψ†
}〉

= 0

ε = mI−1 energy matrix

m =
〈{

J, ψ
†}〉

I =
〈{

ψ, ψ
†}〉

norm matrix

Green’s function G =
〈〈

ψ|ψ†
〉〉

is

G =
1

ω − ε −ΣI−1 I

where the self-energy Σ reads as

Σ =
〈〈

δJ|δJ†〉〉
irr

Unknowns

1 higher-order correlators in
ε (mean fields)
I (commutations)

2 residual self-energy Σ
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Philosophy of COM
Dyson equation in COM
Ingredients of COM

1 Quest and use of a composite operatorial basis:
higher-order fields emerging from the equations of motion
eigenoperators of relevant interacting terms
eigenoperators of the problem reduced to a small cluster

2 Use of Algebra constraints to:
bind the dynamics to the right Hilbert space
close self-consistently the equations

3 Computation of residual self-energy:

N-pole approximation (Adv. Phys. 53, 537 (2004))
Two-site resolvent approach (PRB 55, 2095 (1997))
Two-scale analysis (EPJB 37, 465 (2004))
SCBA (PRB 75, ??? (2007))
DMFT-like approach (Outlook)
· · ·

Mancini & Avella; Adv. Phys. 53, 537 (2004)
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2-pole approximation
Spin and charge
SCBA approximation

The Hamiltonian: H = ∑
ij

(−tαij −µδij)c†(i)c(j)+U ∑
i

n↑(i)n↓(i)

The basis: ψ =

(
ξ

η

)
where ξ = (1−n)c and η = nc

The approximation: δJ u 0 ⇒ Σ u 0

The unknowns

1 µ

2 ∆ =
〈
ξ αξ †

〉
−

〈
ηαη†

〉
3 p = 1

4 (〈nαn〉+ 〈sαs〉)−
〈
λ αλ †

〉

where λ = c↑(i)c↓(i)

The constraints
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3 lim|k|→0 ω(k) ∝ |k|ν
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The SCBA approximation:
δJ = BF ⇒ Σ =

〈〈
BF |F †B†

〉〉
irr u

〈〈
B|B†

〉〉〈〈
F |F †

〉〉

The bosons: B u n, s The fermions: F = ξ ,η

Self-consistency Cycle

(Avella & Mancini; Phys. Rev. B 75, ??? (2007))

G0[µ0, ∆0, p0]

B0[ac,0, as,0]

Σn[Gn, Bn]n = 0

Gn+1[µn+1, ∆n+1, pn+1, Σn]

Bn+1[ac,n+1, as,n+1]

n = n +1
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Composite Operator Method (COM) Hubbard Model Cuprates Summary

A very low-intensity signal develops around M and moves
towards S on decreasing doping up to close an hole pocket
in the underdoped regime.

It is just the remarkable difference in the intensity of the
signal between the two halves of the pocket to make a
Fermi arch apparent.
The arch shrinks into a point at S exactly at half filling
making possible to reconcile the large-small Fermi surface
dichotomy.
The pseudogap develops since a region with a very
low-intensity signal is present between the van Hove
singularity and the quite flat band edge.
A crossover between a Fermi liquid and a non-Fermi liquid
can be observed in the momentum distribution function.
This crossover corresponds to the process of
deconstruction of the Fermi surface.
Kinks have been found in the dispersion along nodal and
anti-nodal directions.
A properly microscopically derived susceptibility can give
results practically identical or, at least, very similar to those
attainable by means of phenomenological susceptibilities
specially tailored to describe experiments.
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Composite Operator Method (COM) Hubbard Model Cuprates Summary

Outlook

Study of self-energy frequency dependence

Check for Luttinger sum rule
Take into account the next- (t ′) and next-next- (t ′′)
nearest-neighbor hopping terms
Search for superconduting solution
Compute residual self-energy for charge and spin
propagators

Thank you for your attention!
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