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* Fluid oscillations in rotating stars R-mode OSCIHatIOnS

* Generically unstable: and Insta b|||ty
» Gravitational waves drive r-mode growth e

» Viscosity damps r-mode
= shear viscosity at low temperatures
= bulk viscosity at high temperatures

» R-mode evolution: t,, (v,) =t (vs,T)
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Inferring NS Core Temperature o
* Quiescent Low-Mass X-ray Binaries (LMXBs) 5
» surface temperature T, ... from spectrum R
o X L
» from envelope composition: T, (T.,face) !
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Inferring NS Core Temperature '
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* Accreting LMXBs 39 4 -
» measure accretion luminosity L, . = 4nd*F, E // :
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Inferring NS Core Temperature

* Accreting LMXBs
» measure accretion luminosity L, . = 4nd?Fy
» accretion spin-up balances GW spin-down
» from heating = cooling, where
o r-mode/accretion heating: L, oc v¢ x L,

o neutrino cooling: L, (T.,e)
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Inferring NS Core Temperature

* Accreting LMXBs
» measure accretion luminosity L, . = 4nd?Fy
» accretion spin-up balances GW spin-down
» from heating = cooling, where
o r-mode/accretion heating: L, oc v¢ x L,

o neutrino cooling: L, (T.,e)

superfluid cooling
[Cas ANS: T_ = (5-9)x108 K]
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R-mode Instability vs Observations

nstable r-mode 800 —————
spin-temperature limit cycle 716 HZ G
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in-down by magnetic dipole w/o GWs
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e scatter off superfluid vortices (too weak)
but (strong enough?) friction from vortex-
fluxtube interaction




Closing the Window? (Crust-Core Boundary)

stable r-mode
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Closing the Window

1000 t
CIust resonance
* Unstable r-mode
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.tatus of R-mode Instability

Window for gravitational radiation not
well-understood

Some systems should be GW emitters
t counter to expectations

Jevant astrophysics/physics
ore temperature estimates:
nvelope composition
Jtrino emission
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