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Dirac spectrum
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QCD phase diagram
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Finite-volume OCD at high density
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Partition functions Iin &regime

ZEQCDIZ#IF4%Chiral Lagrangian:  Son-Stephanov (PRD2000)

3m2A?

e

Lrpr = [kinetie-terms| + [(Tr2® —THEN? 4 hue ]

S € SUB) 4 x U(l)a =~ U(3)

BHEEQCDIZH T3 EHL B NY-Kanazawa (PRL2009)
NRFOVHHECFLIETRICEA# I =04+—7 - /\FO @& LB %

[0(217) 1 lL‘
I(x) 0 %)
I>(x)

ZepT = det

| { r = 3Vm?A?/7? at high p.

v =Vm|{qq)| atp=0.

5*




Spectral sum rules at high density
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Another viewpoint: Lee-Yang zeros
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L ee-Yanqg zeros at high density
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Abstract
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Color Superconductivity

» QCD at high density — asymptotic free Fermi surface

» Attractive channel — Cooper instability
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Color-Flavor Locking (CFL)

Pairing channel
e S-wave pairing, spin singlet — Dirac antisymmetric
« Attractive channel — color antisymmetric
« Pauli principle — flavor antisymmetric
 [U(1)a anomaly — Lorentz scalar]

3-flavor limit: Color-Flavor Locking (CFL) Alford-Rajagopal-Wilczek (NPB1999)
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Gauge-invariant order parameter
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Symmetry breaking pattern:
SU(3)C X SU(3)L X SU(3)13 X U(I)B X U(1)4 — SU(S)V X Z(Q)L X Z(Q)R



Chiral vs. Diguark condensates
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Quark-hadron continuity

Continuity between hadronic matter and quark matter
(color-flavor locking)

Phases Hadrons (3-flavor) Color-flavor locking
Symmetry SU(3),xSU(3)x SU(3), xSU(3)gxSU(3)-xU(1)g
breakin
9 — SU@3) |:r — SU(3)4r+c
Order . _
Chiral condensate Diquark condensate
parameter
NG bosons (1 etc) NG bosons
Elementary
excitations Vector mesons (p etc) Gluons
Baryons Quarks
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Possible QCD phase diagram
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