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ARPES

Damascelli, Hussain, ShenBergemann, Mackenzie, Julian, Maeno

de Haas-van Alphen

The Fermi Surface of Sr2RuO4



Fermiology across the Cuprate Phase Diagram
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ARPES – Shen (05)

AMRO – Hussey (03)

dHvA – Vignolle (08)
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Tl2201

Overdoped Tl2201
Quantitative agreement between 

single-particle and transport probes
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QO – Doiron-Leyraud (07)

YBCO

ARPES on YBCO6.5
Can this be the gateway to a unified

picture for underdoped cuprates?



Fermiology of Underdoped YBCO

Elfimov, Sawatzky, Damascelli PRB 77, 060504 (2008)

B.J. Ramshaw et al., Nature Physics (2010) 



Small pockets are also not in LDA

QO suggest Fermi liquid behavior
in the very underdoped regime

Competing ordering?

Fermiology of Underdoped YBCO

Elfimov, Sawatzky, Damascelli PRB 77, 060504 (2008)

B.J. Ramshaw et al., Nature Physics (2010) 
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Fixing the YBCO surface self-doping by K deposition

Hossain et al., Nature Physics 4, 527 (2008)



ARPES on K-deposited YBCO: counting carriers

D. Fournier, Nature Physics 6, 905 (2010)



ARPES on K-deposited YBCO: arcs vs. pockets

Fournier et al., Nature Physics 6, 905 (2010)



ARPES on K-deposited YBCO: SP and pseudogap

K doping provides access to the whole 
phase diagram (FS, dispersion, SC gap) 

The FS collapses in 4 disconnected arcs 
NO evidence for pockets in ARPES !! 



Single-particle spectral function

(k,) : the “self-energy” captures the effects of interactions

A. Damascelli, Z. Hussain, Z.-X Shen, Rev. Mod. Phys. 75, 473 (2003)

ARPES: The One-Particle Spectral Function

Photoemission intensity:  I(k,)=I0 |M(k,)|2f() A(k,
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Renormalization of Polaronic Quasiparticles
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Veenstra, Goodvin, Berciu, Damascelli, PRB 82, 012504 (2010)

E
ne

rg
y

Momentum



=0=0.1

Renormalization of Polaronic Quasiparticles

Veenstra, Goodvin, Berciu, Damascelli, PRB 82, 012504 (2010)

=0.5

E
ne

rg
y

Momentum



=0=0.1

Renormalization of Polaronic Quasiparticles

Veenstra, Goodvin, Berciu, Damascelli, PRB 82, 012504 (2010)

=0.5

E
ne

rg
y

Momentum

>0.5
Zk=0



Renormalization of Polaronic Quasiparticles

Veenstra, Goodvin, Berciu, Damascelli, PRB 82, 012504 (2010)
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Quasiparticle Coherence across the Phase Diagram
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Quasiparticle Coherence across the Phase Diagram
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Bilayer Band Splitting and Quasiparticle Integrity

Bilayer band splitting
Anti-bonding & Bonding

FS with bilayer splitting

Correlations suppress Zk

Sawatzky, Anderson, Randeria, Rice, et al.

~



Bilayer band splitting and quasiparticle coherence

Fournier et al., Nature Physics 6, 905 (2010)



Bilayer band splitting and quasiparticle coherence

Basov et al.
PRB 2005

Fournier et al., Nature Physics 6, 905 (2010)



Bilayer band splitting and quasiparticle coherence

• Quantitative estimate of Z

• Agreement with 2p/(p+1) for x>0.23

• Isotropic ZN~0.54 and ZAN~0.50

• Vanishing ZN below 15-10%

• t~10meV consistent with QO

• Z even smaller for pockets’ “other side”

• Pseudogap? Loss of coherent SW

• Fermi surface? Luttinger’s counting?

Fournier et al., Nature Physics 6, 905 (2010)



Small pockets are also not in LDA

QO suggest Fermi liquid behavior
in the very underdoped regime

Competing ordering?

Fermiology of Underdoped YBCO

Elfimov, Sawatzky, Damascelli PRB 77, 060504 (2008)

B.J. Ramshaw et al., Nature Physics (2010) 



Small pockets are also not in LDA

QO suggest Fermi liquid behavior
in the very underdoped regime

Competing ordering?
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What about hole & electron pockets in ARPES?
D-Density Wave

Chakravarty, Kee, arXiv:0710.0608

Chang, Mesot, NJP 10, 103016 (2008)

Aebi (PRL 94); Golden (PRL 00, 06)

ARPES on LSCO

ARPES on Bi2212

Possible detection of hole pocket?
Luttinger counting demands electron pockets

Hole pocket were observed?
NO: Structural Folding of FS

Ostensible Hole Pockets: structural effect?
Electron Pockets: NO direct evidence !
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Chakravarty, Kee, arXiv:0710.0608

Chang, Mesot, NJP 10, 103016 (2008)

Meng, Zhou, Nature 462, 335 (2009)

ARPES on LSCO

ARPES on La-Bi2201

Possible detection of hole pocket?
Luttinger counting demands electron pockets

Hole pocket were observed?
Replica of primary FS?

Ostensible Hole Pockets: structural effect?
Electron Pockets: NO direct evidence



What about hole & electron pockets in ARPES?









Bilayer band splitting and quasiparticle coherence
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