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Oscillations of NS
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gravity mode (g-mode)
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Proton fraction x,

Dissipation of npe matter

 Path of a fluid element as it is compressed and uncompressed.
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e Pathin {xp, np}t plane maps to path in {P, V} plane.

Traversing the path leads to dissipative work, QP - dV
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Dissipation from (-reactions

Nucleon weak f-equilibrium at low neutrino opacity,
(N+H)n—->p+e +7v
(N+H)p+e —-n+v .
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Treat dUrca+mUrca jointly: Nucleon Width Appro. (Alford, Haber, & Zhang 2406.13717)



Dissipation from (-reactions

* Nucleon weak f-equilibrium at low neutrino opacity,
(N+H)n—->p+e +7v
(N+H)p+e —-n+v .

leadstoéﬂz,un—,up—,ue—>O,andx:—p — X,

nB 9

* off f-equilibrium, when 6, = x — x,

1 ! 104} L ST
atéx — _(Fn—>p _ Fp—m) N yéx ’ 3 S ! : 21 :
L: 10k T=3 Mev! | 3 g=———
. - — T gTO=0:
(linear order) =~ 107} N g | —Ww
where y is the weak relaxation rate, ) R e f T
1L : | '
1 a(Fn_)p — Fp_)n) a5ﬂ >~ 10 : | 1 ng (fm—3)
— — - — — ! I i

! ng 05, 05, 10°ET=1 MeV| i QMC-RMF3

ng,S ng,S P N | ! B |UFSU

0 F S BEE (OPB-|

* vyreaches kHz frequency at T~3MeV. 0.0 0.5 1.0



Dynamicsound speed ¢, =c,+——

e Complex, frequency-dependent quantity derived from the period ansatz
that captures both restoring force and damping. ng(t) = ny + dng cos(wr)

1. Restoring force: cezq <Re [Q%] < C§d 2. Dissapative damping: resonance at y &~ @
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Dynamic sound speed
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e Complex, frequency-dependent quantity derived from the period ansatz

that captures both restoring force and damping.
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2. Dissapative damping: resonance at y &~ @
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Bulk Viscosity
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ODEs of Non-radial Oscillation

Eigen value problem of even quasi-normal modes

e Solve Einstein’s equations:
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f-mode is semi divergence-free. Avoided crossing between g-modes.
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Where this matters:
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To-do Next

e Beyond the Fermi surface approximation

e More realistic composition & entropy profile.

e Consider the Neutrino-trapped scenario.

e Gravitational waveform with tidal excitation in NS spiraling.

e Viscosity due to other degrees of freedom: muons, pions,
hyperons, deconfined quarks, and perhaps dark matter ...

o‘.. o ( ...'-.

Network for Neutrinos, d ¢ 55

* N A Nuclear Astrophysics, S . 5% 3
and Symmetries j AR
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Between Maxwell & Gibbs

Extend to finite temperature: 1207

* Introduce anti-particles as,

He- = — He+
Py = — Py
Hu- = — Ky+
Ha- = — Hg+
Hs- = — K+
* Add photon contribution,
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