Pseudogaps, Strange Metals, and Coherent Superconductors:
The View from ARPES
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Angle Resolved Photoemission Spectroscopy (ARPES)
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Extraction of the Superconducting Energy Gap
Ding et al., PRL 74, 2784 (1995) & PRB 54, 9678 (1996)
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ARPES - Ding et al., Nature 382, 51 (1996)
pseudogap - spectral gap but no coherent peak
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“Fermi surface” in the presence of an energy gap
Ding et al., PRL 78, 2628 (1997)
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Hump dispersion 1s reminiscent of an SDW dispersion with Q=(st,)
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Spectral weight of nodal quasi-particle =
Carrier number ?
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Fermi “arc” in lightly-doped La,_Sr,CuO,
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ImX = g, + bw, anisotropy of a, follows that of the pseudogap

T I I I I I 010
__ 200 | —10-8
% 150 —o0.6
E 100 | — 0.4
®  mL Im>=a+bw -
' | | | I I 1 0.0
0.5 0.6 0.7 0.8 0.9 1.0
k, m/a]
; 25 1 '
E 20 c)
& 15F
"5 10
E st
& 1 1 1
5 U 1T 171 . . .
E 0.4 0.5 0.6 0.7 0.8 0.9
k. u/a]
Node Antinode

Kaminski et al., Phys. Rev. B 71, 014517 (2005)



STM Fourier wavevector connects the tips of the Fermi arc
STM data - Vershinin et al., Science 303, 1995 (2004)
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Zhou et al., PRL 92, 187001 (2004) --> nested Fermi surface
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High Energy Dispersion Interpolates to k < k¢
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Doping Independence of Low Energy Nodal Velocity
Zhou et al., Nature 423, 398 (2003)

—0.05 1

—0.10 1

E-Ef 2V

~0.15 A

~0.20 1

0.08 0.06 0.04 0.02
b=k (A7)



@ 0O LSCO
Nd-LSCO
® 0O Bi2212
® O Bi2201
® 0O Na-CCOC
e O Ti2201
(0,7) (T
0 r (7,0)
ull]
[ Lrm 4
mm
il 4 % [
il _
b g 1"
1 | | |
0.1 0.2 0.3

low energy v

high energy v



Kaminski et al., PRL 86,1070 (2001) nodal direction MDC and EDC widths
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Norman et al., PRB 64, 184508 (2001) k midway between node and antinode
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MDC dispersion
versus k, T, and x
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Peak in Optics “Re X" is thought to be due to the resonance
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Mode Energy from Tunneling

hole concentration

Zasadzinski et al., PRL 87, 067005 (2001)
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