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Limitations of Classical Models

ØOutflows confirmed by absorption lines

ØGeometry of coronae

ØMagnetic field: MRI & turbulence

Miller et al. 2016
absorption lines

Müller 2004
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3D RMHD Simulation 3

ØDifferent magnetic field configurations and initial densities leads to different �̇�

Density: Global Zoom-in Huang et al. 2023a
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Huang et al. 2023a



Outflows 5

ØVelocity peaks around axis, 𝑣~0.1𝑐
ØMass load rate peaks at the surface of the disk

Huang et al. 2023a



Magnetic Pressure 6

ØComparable magnitude of magnetic / radiation pressure

ØGradient of magnetic pressure supports the disk

ØSaturated magnetic pressure: 𝑃!~𝜌𝑐"𝑉# (Begelman & Pringle 2007)

magnetic pressure

model prediction

vertical gradient of !!

Huang et al. 2023a



Analytical Model 7

ØOutflows: �̇� ∝ 𝑅$ (Blandford & Begelman 1999) (mass conservation) 

𝑝 = 𝜆(𝐻/𝑅) (Wu et al. 2022)
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𝑄/01 = 𝑄234 + 𝑄34/ + 𝑄5

(energy conservation: viscous heating = radiative + advective + wind cooling)

ØMagnetic pressure: 𝑃! = 𝜌𝑐"𝑉# (Begelman & Pringle 2007) (confirmed by simulation)
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ØThermal equilibrium solutions
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ØStandard disk branch appears 
only at large 𝑅 Huang et al. 2023b
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9Esin et al. 1997

Huang et al. 2023b
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Solution Existence 10

ØAt smaller 𝑅, 𝑄!"# ≫ 𝑄$%&, no SSD
Huang et al. 2023b
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Luminosity 11

ØLuminosity has a saturated value similar to AGN (Wang et al. 2014)
Huang et al. 2023b



Summary 12

ØBackground: limitation of classical models

ØSimulation: outflows in the near critical runs with velocity ~0.1𝑐

ØSimulation: vertical structure supported by magnetic pressure, 𝑃'~𝜌𝑐(𝑣)

ØAnalytical model with outflows and 𝑃': SSD exists only at larger radius

Thank you!


