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1 — oo: CFL Phase

Consider Ny =3 (m; = 0)

(g7 qh) = ¢ (676 — 5947)
(ud) = (us) = (ds)
(rb) = (rg) = (bg)

Symmetry breaking pattern:

SUE)L x SUE)r x [SUB)]c
X U(l) — SU(S)C+F

All quarks and gluons acquire a gap

FL = L CR FR
<q q <q s
Rotate |eft flavor Compensate by rotating

color

... haveto rotate right
flavor also!

(Wrvr) = —(YrYR)



The Role of the Strange Quark Mass

Include strange quark mass in gap equations

2
m,

prA

main parameter r =

x ~ 1: transition CFL — 2SC

But: Problems turns out to be much more difficult (even if the
coupling is weak!)

additional scales

electric neutrality, gauge invariance

many gap parameters, how to find the right ansatz
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QCD

F 2p.

Effective Field Theories

HDET

2 A

CFLChTh

>

P=P

F

quarks, gluons

quasi—particles, holes, gluons

Goldstone bosons
Fermi surface



High Density Effective Theory

Quasi-particles (holes) :

Ey = —pd /P2 +m2~—pL|p| \\/
holes particles

Effective field theory on v-patches

o 1+d-T
waj::6 H ( 9 >¢

Effective lagrangian for 1,1

L= wlliv- Dy, — 7G3,Gh +O(/n)
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Mass Terms: Match HDET to QCD

- ~ -
mass corrections to FL parameters [, vr and Vj
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EFT in the CFL Phase
Consider HDET with a CFL gap term

£=Tr (v D)) + 5 {Tr (XteuXten) - w [Tr (X1er))"}
+(L— R, X <Y)
v — LyrCt, X - LXCY, (X)=(Y)=1

Quark loops generate a kinetic term for X, Y

L= —77% {Tr (XTDoX)? + (YTDoY)*)} +...

Integrate out gluons, identify low energy fields (¢ = X1/2)

Y= XYT N = &(prXT)E!
[8]+[1] GBs [8]+[1] Baryons



Effective chiral theory

2

L= 7 {mr (VoEVoE) — 2Ty (V,3V,;57)}
+Tr (NTiw" D, N) — DTr (NToty5 {A,, N})

— FTr (NTotvs [A,, N]) + % {Tr (NN) — [Ty (N)]Q}

with D, N = 8, N +i[V,,, N]

7
Ve = =3 (€081 +€10,6)
7
Ay = _55 (8MZT)€
- 2
f2:21 8log?2 u 02:1 D:le
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Mass Terms: Match HDET to CFLxTh

Kinetic term: ZD}L;XLIDL -+ %TQXRlDR

DoN = 0N +i[lo, N, =Vo+ 5 (£XR§* + &1 X8
Voo = OpX +1 XX —13XXpR
vector (axial) potentials

Contact term: (¢2M¢L)(¢£M¢L)

L= 3A22 {[Te(MD))? — Tr(MEMY)}

meson mass terms



Phase Structure and Spectrum

Phase structure determined by effective potential

V(E) = ;Tr (XLEXRET) — ATr(MXT) — By [Tr(J\M)]2 + ...

Fermion spectrum determined by

L ="Tr (NTiv"D,N) +Tr (NTyspaN) + % {Tr (NN) — [Tr (N)]Q} ,

T T
pV,A:%{fj\g MfTifTMM f} § = 2o
PF 2pF
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Phase Structure and Spectrum

m
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meson condensation: CFLK

mg(crit) ~ my/ 3 A2/3

Figures: Kaplan & Reddy (2002)
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gapless modes? (gCFLK)

Kryjevski & Schafer (2005)

11



Instabilities

Consider meson current

Y(z) = Uy (2)Sx Uy (2)T Uy () = exp(igk (x)As)

V(z) = T(—zf3 +3Y) A(z) = Vor(ePxat + e 0xg7)

e - -
E=—= dl/dﬂ wl@(—wl) J

272
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Stability lost

l,

m%/ s
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B Ik - 3ps —4A
E=Cala)  w=2k h="F—
1
fu(@) = a2 = — |(h+2)"26(h +2) — (h — )6 (h — x)]

see also: Son & Stephanov cond-mat/0507586, Kryjevski hep-ph /0508180
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Energy Functional

[hs
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[Figures include baryon current j g = ap/a il
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Stability found
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Notes

No net current, meson current canceled by backflow of gapless modes
(0€)/(6Ve) =0

Instability related to “chromomagnetic instability”

CFL phase: gluons carry SU(3)r quantum numbers

Meson current equivalent to a color gauge field

P-wave meson condensate continuously connected to LOFF?
Additional currents?

Higher order corrections to tis|crit = (4 + aheri)A/3 7
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