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Stationary accretion disk model

» Stationary metric

ds? = gudt? + 2gusdtde + gpsdd® + grrdr® + g,,dz?

Inverse metric tensor components (R = ,/glzq5 — G1ts9)

9" = —0u/R%. 0¥ =0u/R%. 9% =-0u/R%. 9 =1/gi
» Purely azimuthal motion of fluid in equatorial plane
u* = u' (57 +Q55),  up = un(Sp — €53).
» Thin disk: p, e <« p — pressure gradients dynamically
unimportant
» Keplerian angular momentum distribution: ¢ = £k

» Polytropic fluid, p o pt+1/"
» No viscosity, no turbulence, @ = 0.



Dynamics

» Ipser & Lindblom (1991) formalism or direct calculations

» Euler equation
VoTy =0, Tg = (e+p)u’us+ pdg,

» Continuity equation

Y, (ou) = \/L__gaa (v=gou) =o.

» Axial symmetry:

Sxexp[-i(lwt—-mg)], &G=w-mQ, Mm=m-{tw



Perturbations

Vertical integration (hopefully fine for p-modes):
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Master equation
Introducing

n=S12%h s= ut(%)

one obtains Schrédinger equation
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with the “potential” (only dominant terms when ¢s — 0)

1
Vet (w, 1) = —k* + kaf( )

|

V=03 MAYL

grr

> k2 = g/2ut Vio? — k2 /s dominant term (WKBJ)
» k — 0 at Lindblad resonances

» @ — 0 at the corotation resonance
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Propagation diagram
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> Vg < 0: wave-propagation region, Vg > 0: evanescent region
> r < Icr: positive-energy waves (increasing the energy of the flow)
> 1> rcr: hegative-energy waves (decreasing the energy of the flow)



Corotation resonance

> r = rcr: corotation resonance = absorption of the waves
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> positive-energy waves absorbed

INSTABILITY

Condition for the instability in terms of the relativistic vortensity
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Relativistic vortensity
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... Increasing vortensity with radius only in relativistic domain



Results in Kerr spacetime



Disk model

Additional assumptions:
» Power-law density distribution: ¥ o r=P
» Speed of sound: Cs/(r{2x) = const
» Disk inner edge: rin = fisco

Boundary conditions:
» Inner boundary: éu(rin) =0
» Outer boundary: outgoing wave — (d/dr —ik)sh =0



Results

Dependence of the eigenfrequencies on the sound speed
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= Nearly harmonic sequence of frequencies: 1:2:3...



Results

Density profile

Black-hole spin
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Model for HF QPOs?
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