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IR Hall Effect:
Hall spectroscopy



Magneto-Transport
Boltzmann theory
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Sum Rules
IR Hall effect spectroscopy
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IR Hall effect: 

The extended Drude model:

Optical self energy



Kaplan et al., PRL ‘96

RH vs. ω YBCO7
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Cuprate Phase Diagram



Fermi surfaces

H. KONTANI, K. KANKI, AND K. UEDA PRB 59 (1999).



IR Hall Effect 
in

Optimally doped Cuprates



Mid IR Hall in opt. Bi2212
Hall angle and Hall conductivity
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Opt. Bi(2212): Far IR Hall 
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ωH ~  0.3 cm-1/T

γH ~ aT1.65



Optimally doped Bi2212
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ωH ~  0.3 cm-1/T

Nearly Drude: inelastic scattering is weak in σxy
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Mid IR



Kontani theory
vertex corrections to σ

Kontani, J. Phys. Soc. Jpn. (2006)

where ξ is the AF correlation length, and Q is 
the nesting vector. Q = (π, π ). χQ ~ 1/ωsf ~ ξ2, 
and ξ2 ~ T−1 in the FLEX approximation,

Conductivity calculated including 
Current vertex corrections

Antiferromagnetic fluctuations →
FLEX approximation:



Kontani calculation: σxy
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Zimmers 
IR data  

γ

1+λ



e-doped: IR Hall in Pr1.82Ce0.18CO4

A. Zimmers et al., cond-mat/0510085
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Conductivity Sum Rules: Cuprates
Band values
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LSCO, NCCO, PCCO 0

2 Re( )C

xxS dσ ω
π

Ω
≡ ∫



2 2
1

*

2
3 1

* *

( )
2

det( )

band
xx k k

k

band
xy k k

k

e neS Tr m n
m
ne eBS e B m n
m m c

−

−

= ≅

= ≅

∑

∑

exp

exp

0.33

0.09

xx
band
xx

xy
band
xy

S
S

S
S

�

�

exp

exp

0.25

0.09

xx
band
xx

xy
band
xy

S
S

S
S

�

�

Bi2212 opt. doped PCCO x=0.18

Conductivity Sum Rules

0

2 Re( )C

xxS dσ ω
π

Ω
≡ ∫

0

2 Im( )C

xy HS dσ ω ω
π

Ω
≡ ∫

Schmadel et al., 
PRB (2007) 

Zimmers et al., 
cond-mat/0510085



Conclusions on Optimally doped 
Cuprates
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IR Hall Effect 
in

Underdoped Cuprates



ARPES Fermi Surface

Hole doped Electron doped

Γ Γ

(π,π)

Armitage et al., PRL (2002)K. Shen, Science (2005)
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Hall coefficient Pr2-xCexCuO4
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σxy in SDW: Drude-Lorentz model
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Mid IR σH for PCCO vs. x
SDW model: J. Lin and A. Millis
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Underdoped h-cuprates: Hall Frequency: ωH
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Fermi Pocket Hall Frequency
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Conclusions
Underdoped cuprates

1. e-doped: SDW gap evidence in σxx and σxy

2Δ ~300 meV- 450 meV

2.  h-doped: evidence for Fermi surface 
reconstruction: 

if gap → 2Δ > 500 meV

4. Hall conductivity spectroscopy gives important  
information on strongly interacting electron materials 

3. Is the reconstructed FS real, fluctuating or 
only effective?


