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Radiative plasma simulations of turbulent accretion flows 



Black-Hole Accretion Flows

M∙ ∼ 20 M⊙

Bflow ∼ 106 G

diskrg ∼ 30 km

Inspired by 
Parfrey+ 2015



Reality check: Observations of Cyg X-1
Spectral state changes between hard and soft states Millisecond flares

Gierlinski & Zdziarski 2003

low/hardhigh/soft

Adapted from Zdziarski et al 2002
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First-principles simulations of radiative plasmas
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Simplified radiative simulations: 3D3V → 0D1V
Solve radiative & QED processes in 0D for a prescribed energy injection (see JN 2024, Supp. Mat.)

See also, e.g.: 
Stern+ 1995 
Coppi+ 1999 
Vurm+ 2009
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Photon-plasma in the hard state

L = ∑ Lflare ∼ Lflare
Hcorona3

H3
∼ 10Lflare ∼ 1037 erg s−1

Radiation spectra Plasma distribution

See also, e.g.: 
Poutanen & Vurm 2009



PIC simulations: Hard-state simulations

See also: 
Beloborodov 17 
Sridhar+ 21 
Groselj+23

Escaping 
photon flux

Optical depth  
self-consistently set by 

pair creation
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Comptonization 
set by turbulent 

bulk motions



Reality check: Observations of Cyg X-1
Spectral state changes between hard and soft states

Adapted from Zdziarski et al 2002
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External (soft x-ray) disk photons
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Photon-plasma in an external photon bath

L = ∑ Lflare ∼ Lflare
Hcorona3

H3
∼ 10Lflare ∼ 1037 erg s−1

Radiation spectrum Plasma distribution

See also, e.g.: 
Poutanen & Vurm 2009



PIC simulations: Soft-state simulations

Escaping 
photon flux

B/B0τT

External photons 
cool the plasma; 

plasma annihilates 
more efficiently; 

τT → 0.3



PIC simulations: Two equilibrium states of turbulent plasma
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EXTRAs:



Multi-wavelength observations of Cyg X-1

Zdziarski et al 2014

Jet synchrotron emission 
with power law electrons 

( )p = 1.4



Plasma turbulence in the corona
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Intermittency controls plasma energization

⟨β2γ2⟩

B-field dynamics creates current sheets Regions of enhanced energy dissipation

Zhdankin et al. 
Comisso & Sironi  
JN & Beloborodov 



Two quasi-equilibrium states of radiative plasma
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Effect of external photon flux

Injection of  x-ray photons from the disk ∼1keV

When  pairs cool from ℓext > ℓcrit ≈ 1 θ± ≈ 1 → 0.2

Cool pair population has enhanced pair annihilation 
that sustains lower optical depth ⟨τT⟩ ≈ 1 → 0.3
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