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Long March of High-Tc
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Pre-High-Tc History of Suerpconductivity

Onnes 1913
- Father of
b supercondcutivity

Bardeen Cooper Schrieffer 1972
BCS theory

Messiner 1930s’
Messiner Effect

Landau 1962
G-L theory

Abrlkosov & Glnzburg 2003 Josephson & Giaever 1973
Type-Il superconductivity Josephson tunneling
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What Is clear
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High-Tc Is a seeding-machine
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Goal of High-Tc Theory

o Power of parameter-free predictions
o Unified understanding of experimental data

* Energy scales ---- “Rulers”
e Control parameters ---- “Golden Fingers”
 Universality ---- “Model independent indicators”



Phase Diagram
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Crystal Structure
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Pairing Symmetry

Y (roy,1,o,) < y(o,0,)w(r—1,)
Spin singlet: antisymmetric
(0, —0,) = 01501,—02

Orbital wavefunction: symmetric
L=0, 2, 4...
s d g



High-Tc Pairing Symmetry

D-wave pairing gap

A=A(cosk, - cosk,)

Theory:

Kotliar & Liu, PRB 38,
5142 (1988)




Density of states

d(x?y?)-wave
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D-wave Pairing of Superconductivity
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Direct Detection of Pairing Phase Factor

Tsuei et al,
Nature 387,
481 (97)
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Pseudogap: Root of Anomalies

6-I T LI T T T 17 T 17T 1T 1T 717 17T T 177

C(TVWT (m¥/g-at. K*)




Dark Entropy: Missing Low Energy Entropy
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Preformed Pairs

Kivelson

Buckley 2000
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Two Energy Scales:
Pesudogap vs Superconducting Gap
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Linear Resistivity and Charge-Spin Separation
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Linear Resistivity: Challenger to Transport Theory

* Electron-electron scattering
mez

* Electron-phonon scattering
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Charge-spin Separation

Luttinger
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