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Goldstone boson with ) Landau criterion for

a linear dispersion law superfluidity is satisfied
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2 the system tends toward the state where
1 = G263

bulk viscosity does not lead to dissipation
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COLOR SUPERCONDUCTOR

Cold quark matter at extreme densities

* Degenerate system of quarks

21X Attractive interaction between quarks

CFL phase

/’L >> mS Alford, Rajagopal, Wilczek hep-ph/9804403

< %iC%wﬁj >~ A €rap€Iij

(SU(B)C x SU(3)L x SUB)r x U) g — SU(3)errrr X Zo j

QU (1) B is spontaneously broken: CFL is a superfluid
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PHONONS IN CFL

Low temperatures 7' < 0.01 MeV

& Phonon-phonon scattering not
effective for producing viscosity

Phonons treatable like an ideal gas

Force between the superfluid component and the
& Mutual friction normal component mediated by phonon-vortex
interaction

dv g
dt
dv,,
Pn=at

Ps

\
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FORCES ACTING ON A VORTEX

@ Magnus force Standard hydrodynamic force

A

FY = kps(ve —vi) X 2

¢ Friction force Scattering of phonons off vortices

F" = D(v, —vi)+ D'z x (v,, — vi)

From the equation of motion of the phonon field in the corresponding curved

background

do  ¢s cos’d . ,mE
dQ_QWEtaHZgSHl A

Y
Where E is the energy of the phonon and 1/A = (1 - C?) D2
ey
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with a lower energy per baryon than nuclear matter

Witten PRD 30, 272 (1984), Farhi and Jaffe PRD
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Stars entirely consisting of strange quark matter should exist

R-mode instability

R-mode oscillation

difficult to damp in CFL stars
Madsen, Phys. Rev. Lett. 85, 10 (2000) Gravitational
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Radiation

Emitting gravitational radiation Lindblom, astro-ph/0101136

the star quickly spins down Modes retrograde in the corotating
frame (but prograde in the inertial
frame) are unstable.

Madsen neglected mutual friction effects Soc alse Andersson, Kokkotas grqe/0010102
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& Consider a fluctuation of the superfluid component. Vortices are carried by the
superfluid (Helmholtz theorem). But phonons still.

dissipative component

F" = D(v, —vz)+ D'z x (v,, — vi)

Including mutual friction one has stable CFL stars with frequencies

v < 1Hz

Neutron Stars rotating at hicher
g at WEAet ey CFL stars are ruled out?

frequencies are observed




SUMMARY

¢ Superfluidity appears in a variety of places

¢ Cold atoms experiments are an interesting
playground for our understanding of superfluids

¢ CSC matter is a place where we can apply our
understanding

¢ Gravity analogs are helpful tools in describing the
low energy properties of (quantum) fluids




