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ARSI (Diskoseismology)

“..., we focus on the spectrum of normal
modes of oscillation, which must exist at
some level (determined by the driving and
damping processes in the disk). In the
same spirit with which helioseismology
probes the interior of the Sun, this probe
of the Kerr metric (and its accretion disk)
has been dubbed (relativistic)
diskoseismology.” (Wagoner 1998)
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2. Diskoseismology

(Kato 2001; Kato, Fukue, &
Mineshige 2008)
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Restoring forces in

geometrically thin disks w/o B-fields

Horizontal oscillations

o rotation ~ Q°r
e pressure gradient force in horizontal
plane (if short wavelengths) ~ c2/\

Vertical oscillations
e vertical gravity ~ Q7 z
e pressure gradient force in vertical
direction (for overtones) ~ c2/H
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Local analysis of oscillations in

Keplerian Disks

Eq. of continuity, eq. of motion, energy eq.
1 p=po+p1, p=po+p1, V=" + U1

Linearized perturbation equations
1 Normal mode analysis

p1, p1, Uy o e WTFTTMO HL (2/H)
+ WKBJ approximation: |krr| > 1
(0 — K2)(@% — n02 ) = D2k22

TS
where © = w — mf
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Wave propagation region (k.2>0)

e waves with no vertical node (n = 0)
(inertial-acoustic modes)
~w > mf)+k
~ 2

@* >k’ wm J or

L w<mi) —k

e waves with vertical nodes (n > 1)
0 <K mQ—k<w<mO+k
or
0° > n); =

w>m++/nl or
w<mQ—\/ﬁQL
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Global inertial-acoustic modes
iIn non-relativistic disks (Q=Q =«

Only prograde
m=1 modes
are confined in

disks

(Kato 1983)

(Okazaki 2000)

Frequency

A
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0

Running waves

/\/\/\/
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Schematic diagram showing m=1 modes
can be global in non-relativistic disks

F1G. 2—Schematic diagram of m =1 elliptical streamlines oriented to

produce a one-armed spiral. Cross denotes the position of the star. (Ad dms+ -I 989)

[FEMBKRIFFRE2015, 21-22 June, REPKRZF 13



Inertial-acoustic modes
In relativistic disks (QQ>Q >k)

Only m=0
modes with
W< K 4 Gre
confined in
iInnermost
part of disk

(Kato, Fukue 1980)

frequency

p-mode

3rg n ) radius

(Kato 2001)
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Global g-modes in relativistic disks
(Q>Q >kK)

Axisymmetric
(m=0) g-
modes are
confined In
region near

frequency

A
=
)
>

K max

(Okazaki, KatO, 3rg 11 Tmax ) radius
Fukue 1987) (Kato 2001)
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(Okazaki, Kato, Fukue 1987)
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Global corrugation (= warping)
modes (m=1, n=1)

They are
global in both|
non- §
relativistic S,
and é’
relativistic
disks.
Running waves
- /\/\/\/
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Possible excitation mechanisms

of disk oscillations (1/2)

e Turbulent viscosity

Inertial-acoustic modes are

overstable to effects of viscosity
(Kato 1978).

Growth timescale
~ Viscous timescale
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Possible excitation mechanisms

of disk oscillations (2/2)

e Baroclinic instability
(Non-relativist case)
One-armed spiral density waves are
excited if disk is not barotropic (e.g.,
temperature is constant vertically,
but not so radially) (Lin 2015)
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3. Disk deformation/
oscillations excited by
external forces
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Radiation-driven warping

» The optically-thick part of an
accretion disk with a central
radiation source can be unstable to
warping (Pringle 1996).

» Direction of the precession depends
on the shape of the warp.

11-13 August 2014 Bright Emissaries@Western University 22



Disk shape at various times (Pringle

1997)
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Tidal warping

(Lubow & Ogilvie 2000; Martin+ 2011)

Tidal torques have alignment effect on a
tilted disk toward the orbital plane.

. >(GM.r)"”
align Ttid
Laien <K 1is @ Disk aligns with orbital plane

[

>t . . Disk moves towards orbital
plane even If it doesn’t
completely align

align



Excitation of m=1 modes

In eccentric binaries

Due to m=1 Fourier component of tidal
potential, m=1 (eccentric) mode grows
linearly in time (Lubow & Artymowicz 2000)

o
—

0.01

Mode strength
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Noctie= 141752
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Kozai mechanism also works if disk is

highly inclined

V1 — €2 cosi ~ const

1 Ll 1 Ll Ll I I 1 I Ll I I 1 1 Ll I I I 1 I

Disk 06 |
eccentricity

o ¢
»
[ I [ [ I I |

Disk ol _
inclination = : |

o: R T T (Mal’tln+
o R 2014)

t/P,
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BeXRBs with large e

Be disk accretion disk

NS or BH

overflow from Be disk

[FEMBKRIFRE2015, 21-22 June, REPKRZF 28



TRENIRR (SABES PIRIEE DEE1ER
ZIBRE I DICHDEBNIEFEHLDHD

# HHl&E ECEXTHIETEDAhEWLWS &
2R Z T DICIETRIEXT

o XIEHXRDFANRSNLTULVRL\EE

l'I'I

BHHD
o FIEFFIREN D=L — 3V
INE
e MHD>=Za L —Y3VHpE
o IXERE

AP KAE 2015, 21-22 June, REBKEF 29



