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Motivation: ARPES in cuprates Motivation: ARPES in cuprates 
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Motivation: ARPES (cont) Motivation: ARPES (cont) 
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Motivation: ARPES (cont) Motivation: ARPES (cont) 
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Motivation: ARPES (cont) Motivation: ARPES (cont) 
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What is measured?

Motivation: ARPES (cont)
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Model Model 

Quasi-particles:

• Anisotropic FS
• Effectively 1D

v−

Fluctuations:

• Isotropic
• Classical



Model (cont) Model (cont) 
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Impurity Impurity Model 
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Nambu-type
transformation:

(Nambu) particle number conservation
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i = 2

ΨΨ= + aa ττEffective Impurity model

(Nambu) particle number conservation



Model (cont) Model (cont) 
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< e iϕ (r )e−iϕ(r' ) >= (a /ξ)2d F(|r − r' |/ξ)

F(z <<1) = z−2d ,

F(z >1) ~ K0(z)



Results: (T<Tc) Results: (T<Tc) 
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Results (T>Tc) Results (T>Tc) 
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Results (T>Tc), (cont) Results (T>Tc), (cont) 
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Fermi Surface Reconstruction Fermi Surface Reconstruction 

YBCO !
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Fermi Surface Reconstruction (cont)
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Fermi Surface Reconstruction (cont)

Q



xk

yk

Q

1v

v2
Effective 

description

i =1

i = 2

Fermi Surface Reconstruction (cont)

1v



xk

yk i =1

i = 2Easy plane

Fermi Surface Reconstruction (cont)

Mean field

Fermi Surface



0.5
1

1.5
2

0.5

1

1.5

2

0

2

4

6

ky

Aω=0(k)

kx

(a)

Q

1v

v2

0.5
1

1.5
2

0.5

1

1.5

2

0

2

4

6

ky

Aω=0(k)

kx

(b)
1v

Higher T



Results Results 

k
y

(a)

0 0.5 1 1.5 2
0

0.5

1

1.5

2

kx

0 0.5 1 1.5 2

kx

k
y

(b)

0 0.5 1 1.5 2
0

0.5

1

1.5

2



Y

X

Results Results 

k
y

(a)

0 0.5 1 1.5 2
0

0.5

1

1.5

2

kx

0 0.5 1 1.5 2

kx

k
y

(b)

0 0.5 1 1.5 2
0

0.5

1

1.5

2

MB
...

SB
...



Conclusions

1. We have studied the spectral density in the 

presence of strong phase fluctuations

2. Closed expressions is obtained below Tc.

Interpolation expression in the close proximity of 

the transition were derived as well. the transition were derived as well. 

3. The Fermi Surface topology changes with the 

doping. We have elucidated the role played by 

critical fluctuations of the order parameter in 

formation of shadow bands.  
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Σ(q,k,ω)=∆2(q)(ξ/a)−2d e−iπd[(k+ω/v)ξ+ (k+ω/v)2ξ2+1]2d −[(k+ω/v)2ξ2+1]−1/2

[(k+ω/v)2+ξ−2]1/2

The spectral function along FS 
(k=0).

Results (T>Tc) Results (T>Tc) 

d=0.125 d=0.25



Away from the singularity we employ the extrapolation formula

Σ(q,k,ω)=∆2(q)(ξ/a)−2d e−iπd[(k+ω/v)ξ+ (k+ω/v)2ξ2+1]2d −[(k+ω/v)2ξ2+1]−1/2

[(k+ω/v)2+ξ−2]1/2

which reproduces both limits ξ = ∞ and ξ(ω /v + k) <<1which reproduces both limits ξ = ∞ and ξ(ω /v + k) <<1



H = v−1{( iω − 0)τ 3 + (a∆ q )[τ + exp(−iϕ) + τ − exp(iϕ)]} + Hbulk
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Matsubara time,
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magnetic field.

Effective Impurity model.
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magnetic field.

The occupation
number is fixed
because the 
fermions are integrated 
out and
hence there are no
fermionic loops.



< e iϕ (r )e−iϕ(r' ) >= (a /ξ)2d F(|r − r' |/ξ)

F(z <<1) = z−2d ,

F(z >1) ~ K0(z)
d=T/8TBKT

Below TBKT the correlation length = 
and the problem ~ to anisotropic Kondo 
model in
imaginary magnetic field 





Mean Field Dispersion
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High Tc Phase Diagram

Doped Mott Insulator!
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T>T*,δ Large T<T*, δ low T<T*, δ lower T<Tc
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