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Stochastic

Supermassive



Outline of today’s talk: 

• Motivation 
• Turbulent accretion disks: Role of magnetic fields 
• Environmental effects 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….! 

gμν = ḡμν + ϵhμν; |hμν | ≪ 1
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• Persistent stochastic 
forcing. 

• linear 
perturbation theory 
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Motivation

gμν = ḡμν + ϵhμν; |hμν | ≪ 1

But wait…!

• Persistent stochastic 
forcing. 

• linear 
perturbation theory 
applies.

|hμν | ≪ 1 →
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Source of  

 “AH CHOO???” 



Motivation

“AH CHOO???” 

Turbulence within 
accretion disks



Motivation

“AH CHOO???” 

MHD turbulence



Velikov 1959; Chandrasekhar 1960;  Balbus & Hawley (1991, 1998); Machida et al. 2006; Mishra et al. 2020

How does MHD Turbulence work?

• Differential 
rotation ( ) 

• Weak seed B

dΩ/dr < 0
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How does MHD Turbulence work?

∇μ(ρuμ) = 0

∇μ Tμ
ν = 0

∇μ *Fμ
ν = 0
}

• Differential 
rotation ( ) 

• Weak seed B

dΩ/dr < 0

Radial Stress Trϕ ∼ −br bϕ

Polar Stress Tθϕ ∼ −bθ bϕ

Meridional Stress Trθ ∼ −br bθ



Balbus & Hawley (1991, 1998); Machida et al. 2006, Mishra et al. 2020

How does MHD Turbulence work?

∇μ(ρuμ) = 0

∇μ Tμ
ν = 0

∇μ *Fμ
ν = 0
}

• Differential 
rotation ( ) 

• Weak seed B

dΩ/dr < 0

Radial Stress Trϕ ∼ −br bϕ

Polar Stress Tθϕ ∼ −bθ bϕ

Meridional Stress Trθ ∼ −br bθ

Don’t forget about the 
Reynolds stresses….!

GRMHD simulations…



Role of GRMHD simulations

Narayan et al. 2003, Tchekhovskoy et al., 2011, Narayan et al. 2012, Ricarte et al., 2021, Chatterjee & Narayan 2022
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Mitra et al. 2026 (in prep.)
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Take a look at S56, S22
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… is what we need! Tμν(t, r, θ, ϕ)



Ψ = (r − ia cos θ)Ψ4

Where do we connect to GW?

Teukolsky’s Master equation…..

T ≡ nμnνTμν + . . . +

}
Forcing

Teukolsky (1972, 1973); Chen et al. 2025; Mitra et al. 2026 (in prep.)



Ψ = (r − ia cos θ)Ψ4

Where do we connect to GW?

Teukolsky’s Master equation…..

T ≡ nμnνTμν + . . . +

Teukolsky (1972, 1973); Mitra et al. 2026 (in prep.)

}
Forcing

··x + 2γ ·x + ω2
0 x = F(t)

Ringing a Bell—> Bound system —> Normal Modes 

Ringing a BH —> Open system —> Quasi-Normal Modes



SGWBs from turbulent disks

. . . . .

MAD

SANE

Chen et al. 2025

Mitra et al. 2026 (in prep)

MωQNM = 0.42 − 0.0765i



Energy spectrum of SGWB from turbulent 
disks….!

dE/df → ΩGW

• More results will be 
out soon….! 

Chen et al. 2025; Mitra et al. 2026 (in prep.)



• Turbulent Maxwell stresses continuously perturb the black hole. 
The black hole reacts by ringing in its characteristic quasi-
normal modes. 

• SGWB will help in constraining the SMBH population models.

Summary



Thank You.
Mail: m.samik@iitg.ac.in


