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Crystal Structure 
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Parents: Antiferromagnetic Mott insulator 
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Hole doping: on O site 
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Hole doped cuprates: t-J model 
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Slave boson representation of the t-J model 
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Minimal Model 
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How	
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How do electrons hop from one layer to another? 
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T Xiang, J M Wheatley, PRL 77,4632 (1996) 
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How do electrons hop from one layer to another? 
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Interlayer Hopping Integral: ( )2cos cosz x yt t k k⊥∝ −
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T Xiang, J M Wheatley, PRL 77,4632 (1996) 

c-axis hopping vanishes along 
two diagonal directions 

( )2cos cosz x yt t k k⊥∝ −

Interlayer hopping depends strongly on the in-plane momentum 



Fermi Surface of La2-xSrxCuO4 
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Coherent 3D Fermi surface measured by Polar 
Angular Magnetoresistance Oscillation 

Polar AMRO, overdoped Tl2201  
Projection of the FS onto the ab-plane 

Tc=20K 
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ARPES for the bilayer split of Bi2212 
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Interplay between anistropic c-axis hopping and d-
wave superconducting/pseudo-gap 

( )2cos cosz x yt t k k⊥∝ −

Superducting/pseudo-gap 
vanishes along two diagonals 

Ø  No gap for the excitations along diagonals: metallic 

Ø  Electrons whose in-plane momenta are on the two diagonals cannot 
hop along the c-axis: semiconducting 

c-axis hopping vanishes along two 
diagonal directions 

( )0 cos cosx yk kΔ ∝ Δ −



Pseudogap Δ is the only control 
parameter of low energy excitations 

 

 
Universal scaling law 

( )c c
TT gρ α ⎛ ⎞= ⎜ ⎟Δ⎝ ⎠

Su, Luo, Xiang, PRB (2006） 

ka	
  

kb	
  

Universal Scaling Law of the c-axis Resistivity 
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Universal Scaling Law of the c-axis Resistivity 

T. Watanabe et al. PRL 79, 2113 (1997) Su, Luo, Xiang, PRB 73, 134510 (2006) 
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Bi2212	
  

( )c c
TT gρ α ⎛ ⎞= ⎜ ⎟Δ⎝ ⎠

( ) ( )exp 1/g x x≈xc-axis resistivity 



T. Watanabe et al. PRL 79, 2113 (1997) 

Bi2212 

( )c c
TT gρ α ⎛ ⎞= ⎜ ⎟Δ⎝ ⎠

( ) ( )exp 1/g x x≈x

Comparison with Experimental Data 



Bi2223 

T. Fujii et al. PRB 66, 024507 (2002) 

( ) ( )exp 1/g x x≈x( )c c
TT gρ α ⎛ ⎞= ⎜ ⎟Δ⎝ ⎠

Comparison with Experimental Data 



Pseudogap 



T. Xiang et al, PRL 77, 4632 (96); Int J Mod Phys 12, 1007 (98) 
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Summary	
  

•  Doped cuprates can be modeled by the t-J-U model 

 
Hole doped cuprates:  U  ∞ 

Electron doped cuprates: smaller U 

•  The interlayer hopping is anisotropic and described by  
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