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i%¥+7 3D RMHD Simulation
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Density: i
Global Zoom-1n Huang et al. 2023
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» Different magnetic field configurations and initial densities leads to different m



M /M_i¢: XRB0.01 XRBO.8 XRBO.9
v/c v/c v/c

S
107310721071 1073 1072 107 1073 1072 107
102
103

1074

_10—5
_10—6

_10—7

p (g cm™3)

1078

1@~

10—10

X / r 9 Huang et al. 2023a



n¥42 Outflows
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» Velocity peaks around axis, v~0.1c

»Mass load rate peaks at the surface of the disk
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» Comparable magnitude of magnetic / radiation pressure

» Gradient of magnetic pressure supports the disk

» Saturated magnetic pressure: Pp~pcgVk (Begelman & Pringle 2007)




%47 Analytical Model

>Outflows: M « RP (Blandford & Begelman 1999) (mass conservation)

p = A(H/R) (Wu et al. 2022)

—
— E E (R32VRQ) + Eﬁ (R3 ) Zg) — (l;iRQ d;\;w = (0 (momentum conservation)

Qvis = Qrad T Qaav + Qw

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

»Magnetic pressure: Pp = pcgVk (Begelman & Pringle 2007) (confirmed by simulation)
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M¥+2 Solution Existence

Tsinghua University

1017

ergs—tcm

9 1015

Q

1013

1011 L

’I" . . - Q\-I';S
- / radiative o-
I’ . tot
/ cooling Qo
i oo Qrad
I/' """ Qn
T T B B B B
104 10° 10° 10’ 108 10° 1010
T; (K)

» At smaller R, Qyis > Qraq, N0 SSD
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» Luminosity has a saturated value similar to AGN (Wang et al. 2014)
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»Background: limitation of classical models
» Simulation: outflows in the near critical runs with velocity ~0.1c
» Simulation: vertical structure supported by magnetic pressure, Pg~pcsvy

» Analytical model with outflows and Pg: SSD exists only at larger radius

Thank you!



