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e Brief introduction and basic model for hole-
doped cuprates

* basic model for Electron-doped

e Electronic structure along the c-axis



Phase Diagram: High-Tc Cuprates
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Crystal Structure
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Undoped CuO plane
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Undoped CuO plane
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Parents: Antiferromagnetic Mott insulator
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Doped cuprates
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Hole doping
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Hole doped cuprates: t-J model

Zhang-Rice
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Slave boson representation of the t-J model
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* basic model for Electron-doped



Minimal Model

Electron doping: on Cu site

Hole doping: on O site
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Binding Energy (eV)

ARPES: Doping evolution of the Fermi Surface
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Increasing doping, Fermi surface first appears at (r,0)

then at (1t/2, m/2)



Where are the two bands from?
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Origin of the two bands:

Electron pocket:

Cu 3d1% band
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Doping evolution of electronic structure: Zero doping

There is a dispersive band about 1.2
eV below the Fermi level
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Doping evolution of electronic structure: Zero doping
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Where is the Fermi level?

Fermi level pinned at top of

Fermi level pinned at bottom of UHB due
lower charge transfer band

to slight oxygen nonstoichiometry
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How does the CT gap collapse?

Along zone diagonal:

e Low energy peak moves from
~0.5eV at zero doping
towards the Fermi level with
increasing doping

e At zero doping

A-r ~0.5eV

A ~1.5eV

optical

NP Armitage et al, PRL 2002



Doping Evolution of Mid-infrared Peak

Onose et al, PRL 2001
NL Wang et al, PRB 2006
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Summary: CT Gap drops with doping

Cu 3d?

»
»

increasing doping

e Both ARPES and optics show
that doping reduces the CT

gap

e Closing of the CT gap indicates
that the O 2p band will move
towards Cu 3d'° band with
doping




What forces drive O 2p and Cu 3d*° bands closer?

Coulomb screening reduces U,

driving Cu 3d*° band Fermi level m—

downwards
O 2p Strong
Coulomb
Coulomb repulsion between O Repulsion
2p and doped Cu 3d*° Uu~5-8eV
electrons drives the O 2p band

ards .




Driving force for the upward moving of O 2p band

Coulomb repulsion between O
2p and Cu 3d electrons

Electron doping to Cu 3d states will on average
shift the energy level of O 2p states
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How to model this system? e - doublon
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Symmetric Limit: ¥, = t;. =1,
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e Electronic structure along the c-axis



How do electrons hop from one layer to another?

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: 2
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Interlayer hopping depends strongly on the in-plane momentum

[t (coskx - COSk, )2
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c-axis hopping vanishes along
two diagonal directions
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Coherent 3D Fermi surface measured by Polar
Angular Magnetoresistance Oscillation

Hussey et al, Nature 425, 814 (03)
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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

> No gap for the excitations along diagonals: metallic

> Electrons whose in-plane momenta are on the two diagonals cannot
hop along the c-axis: semiconducting
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Universal Scaling Law of the c-axis Resistivity

Pseudogap A is the only control
parameter of low energy excitations

Universal scaling law

Su, Luo, Xiang, PRB (2006)
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Universal Scaling Law of the c-axis Resistivity

c-axis resistivity T
pC(T)=an(X) g(X)zxexp(l/x)
Bi2212
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Comparison with Experimental Data
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Comparison with Experimental Data
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Pseudogap Energy Scale (K)
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c-axis Penetration Depth
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c-axis Penetration Depth: 7° Law
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Summary

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

H = E’J’O ]G+U2n n +J2S S

jo

Hole doped cuprates: U 2> «©
Electron doped cuprates: smaller U

* The interlayer hopping is anisotropic and described by

[ «t, (coskx - COSk, )2




