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Color Superconductor:
Beyond standard BCS theory
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In recent 3 years, challenges for theorists ......

Hot quark matter: Ildealgas —> sQGP

Cold quark matter: ldeal BCS CSC —» Unconventional CSC
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1. BCS pairing CSC

Since 1977
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BCS pairing




Standard BCS pairing

e.g. 2SC
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1) Quasiparticle excitation
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Anderson-Higgs mechanism

a=1,2,3 massless

a=4,5,6,7,8 massive SU(3)->SU(2)



Since 2002

Il. Pairing with mismatched Fermi surfaces

beta-equilibrium,
charge neutrality

I

A NEUTRON STAR: SURFACE and INTERIOR
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Mg 22 2My,

2-flavor

3-flavor Ms > Mu

Lattimer & Prakash

Imbalanced cold atom system, Asymmetric

6“9(Sm — 6pF

Pair breaking?

nuclear matter, ......
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Beta-equilibrium:
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BCS at mean-field(MF)
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Energy gap is different
from Pairing gap !!!

Gapless Mode !
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Gapless mode
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I. Shovkovy, M.H, Phys.Lett.B564:205,2003



Sarma instability
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I. Shovkovy, M.H, Phys.Lett.B564:205,2003
G.Sarma, J.Phys.Chem.Solids 24, 1029 (1963)

BP (gapless phase in cold atom system) Liu, Wilczek 2003



Chromomagnetic instability driven by mismatch!
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(Chromo)Magnetic instability in other gapless phases

BP gCFL
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Possible ground states:

1. LOFF (Larkin Ovchinnikov Fulde Ferrell)

A(r) = |Agle"™” (FF) Anisotropic
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also:

multi-plane wave
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A.l. Larkin and Yu.N. Ovchinnikov Zh. Eksp. Teor. Fiz. 47, 1136 (1964).

2. Phase separation Inhomogeneous
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F. Neumann, M. Buballa, M. Oertel, NPA 714, 2003;
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Based on the work:
M.H. PRD73:045007, 2006; Int.J.Mod.Phys.A21, 910, (2006)
I. Giannakis, D.F.Hou, M.H., H.C.Ren,
hep-ph/0606178; hep-ph/0609098




Group G |=——= Subspace: Coset space:
Group H M=G/H
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Gluon phase, Gorbar, Hashimoto, Miransky, hep-ph/0507303
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U(1) (LO)FF-state, Giannakis, Ren, hep-ph/0412015
Cold atom system, He, Jin, Zhuang, cond-mat/0601147



B. Instability in Higgs sector & spatial inhomogeneity

I. Giannakis, D.F.Hou, M.H., H.C.Ren, hep-ph/0606178; hep-ph/0609098

Higgs sector
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Inhomogeneous Higgs field induces
inhomogeneous charge distribution

Coulomb energy
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numerical results in whole momentum space

coherence length £
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wavelength for the unstable mode
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Giannakis, D.F.Hou, M.H., H.C.Ren, hep-ph/060909188
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Summary & Outliook

I1.

1.

IV.

Two instabilities driven by mismatch:
Instability in NG sector --> anisotropy
Instability in Higgs sector --> inhomogeneity

Gapless superfluidity (BP) state, no other
mechanism compete with Higgs instability,
phase separation is more favored.

G2SC phase, electric Coulomb energy is not
strong enough to compete with the Higgs
instability

gCFL phase, whether color Coulomb
energy is strong enough to remove Higgs
instability?




