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Motivation

Turbulent accretion disks: Role of magnetic fields

~

Environmental ef

fects on probing quasi-normal ringing

How does (GR)MHD simulations help?

Results

Connecting the dots with our Galactic centre....! (I will
try to somehow...)
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Persistently... |
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AH CHoo! PERTURBED
b) BLACK HOLE

gMV - g/w T €h,m/; ‘h,uy‘ <1

e Persistent stochastic
forcing.

e |1,| <1— linear
perturbation theory
applies.
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Butias ... !

AH CHoo!
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Source of

"AH CHQOQ777?"
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Turbulence within
accretion disks
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MHD turbulence




gmw , o Differential
e rotation (d€Q/dr < 0)
Angular

momentum ° Weak seed B




B

angular momentum

/\ - e > _—)
C} gravity o centrifugal

e~ rotation (dQ/dr < 0)

Angular
momentum o Weak seed B

.
U

V,(pu*) =0 Radial Stress T, ~
v, 7" =0 Polar Stress Ty, ~

Vy, *FE =0 Meridional Stress T,y ~




o Differential

rotation (dQ/dr < 0)

e Angular
~3 | momentum ° Weak seed B
‘ (a)
V,(pu’) =0 Radial Stress [, ~
Don’t forget about the
Vi Polar Stress [lgy ~ Reynolds stresses...!
V,*F; =0 Meridional Stress Ty

GRMHD simulations..



Take a look at S56, S22
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Comparison of ¢/\/ﬁ

Sub—-SANE — 3D5-Sloop
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Mitra et al. 2026 (in prep.) .- 3DS-Vert
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Ricarte et al., 2021
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T /w(t’ r,0,¢)...is what we need! .o
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Teukolsky’s Master equation.....

M(r* — a?)
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Teukolsky’s Master equation.....

Forcing

Ringing a Bell—> Bound system —> Normal Modes

Ringing a BH —> Open system —> Quasi-Normal Modes
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e More results will be
gLt rysoon... !




o [urbulent Maxwell stresses continuously perturb the black hole.

The black hole reacts by ringing in 1ts characteristic quasi-

normal modes.

e SGWB will help 1n constraining the SMBH population models.

Qow(f)

= R Y
(o) —-> @ -— (0 - w\/\/\/\/\/\{\/v —»
S PN .

Key Message:

Turbulent disk Stochastic forcing Excites QNMs Emits gravitational |
(turbulent stresses) on the BH (resonant response) waves Contributes to

SGWB







