
Photoemission Studies of 
Strongly Correlated Systems

Peter D. Johnson

Physics Dept.,
Brookhaven National Laboratory

JLab March 2005



MgB2





High Tc Superconductor - Phase Diagram

Fermi Liquid:-Excitations

Landau-Quasiparticles
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Drude Model of Conductivity
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Spin-charge separation

holon spinon

e = -1, s = 0 e = 0, s = 1/2



R. B. Laughlin 1998
"Parallels Between Quantum Antiferromagnetism and the Strong Interactions"



Photoemission is an excellent probe 
of low energy excitations
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Free Electron Case:-
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We introduce the self-energy Σ to take account of interactions
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Photoemission peak at an energy ε - Σ ’
Lifetime broadened to a width proportional to 2Σ ‘’=Γ
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Photoelectron Spectrometer

Resolution:- ∆E: ~5 meV
∆k: 0.015 Å-1



MDCs and EDCs
Science 285, 2110 (1999)
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MDCs and EDCs
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Drude Model of Conductivity
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Photoemission Linewidths

Linewidth
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Phys. Rev. Lett. 83, 2085 (1999)
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Scattering Rates:

Electron-ImpurityElectron-Electron Electron-Phonon
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Landau 1957 – Fermi Liquid

electron-electron scattering

Scattering rate or inverse lifetime

Γ = 2β[(πkBT)2 + ω2] ω
τ

≤=∆
ηE



[ ] [ ]22 ),(Im),(Re
),(Im),(

ωωεω
ωω

kk
kk

k ΣΣ
Σ

+−−
∝A

ω0

ω

 
 

 

 

ω0

ImΣ~Γ

A(k,ω)

ReΣ

α2F

ω

ω0

k

ω



Electron-Phonon Coupling

Eliashberg Equation:-
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Temperature dependent scattering rates
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Electron-Phonon Interaction in Molybdenum
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Phys. Rev. Lett. 83, 2085 (1999)



MDCs and EDCs
Science 285, 2110 (1999)
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Optimally Doped Bi2Sr2CaCu2O8+δ

Science 285, 2110-2113 (1999)

Cu O

EDC’s MDCs near EF



Abanov et al. J. Elect. Spect. 117, 129 (2001)
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The Molybdenum Data



0 100 200 300
0

20

40

60

  

ρ ab
 (m

Ω
cm

)
T (K)

0

50

100

TM

 ρ
c (

Ω
cm

)

Bi0.5Pb0.5Ba3Co2O9+δ



 

T  

ρc /ρab

TM
 ρc

 ρab

A number of the layered strongly-correlated materials 
show such anisotropic transport properties:
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The appearance of in-plane coherent excitations strongly correlates with 
the dimensional crossover observed in transport measurements
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Optical Conductivity Measurements

J. Tu et al.
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Crystal structure of chain cuprates

Sr2CuO3SrCuO2
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Doping with oxygen allows the clear 
identification of the spinon branch

t = 0.82
J = 0.28



1D Hubbard model calculation
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• Extended Hubbard model (half-filled, one band)

• Dynamical density matrix renormalization group 
(DDMRG) 
– Optical conductivity
– Neutron scatterin
– Density-density correlation function N(q,ω)
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