Tilted Accretion Disks around Black Holes

By C. Fragile & M. Liska
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Low Frequency QPOs from BH XRBs
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(Ingram & Motta 2019)



High Frequency QPOs from BH XRB GR0J1655-40
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Behaviour of BH in a Hardness-Intensity diagram
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Schematic diagram of the Bardeen-Petterson effect in a black hole X-ray
binary showing (1) the central rotating black hole, (2) the inner, aligned accretion
disk, (3) the transition region, (4) the outer, tilted accretion disk, and (5) the
companion star.

(Fragile, Mathews & Wilson 2001)



GRMHD simulation of a thin accretion disk
which tears apart into an outer, non-

precessing disk and inner, precessing one.

I * 3D density at t=62500 R,/c

logop

zZ-axis ‘

T-ax1s

Vertical slice through the
density with the black hole spin
pointing vertically

0 50

(Liska et al. 2022)

100

logo p



Vertical compression in simulations of warped, thin disks
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Warping of ST causes the disk to tear apart:
a precessing, inner disk and

a non -precessing, outer one. . L
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Presence of large-scale poloidal magnetic flux leads to the development of a two-phase medium
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Inside a Black Hole’s Jet Engine

1 spinning ick hole pulls in matter, it cre
tion dis
ed magnetic fields that accelerate particles into two thin jets.
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(Image credit: Quanta Magazine)




Standard And Normal Evolution (SANE) in thick disks: Jets precess in phase with the disk
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Precessing inner flow model: The disc (orange) remains stationary, whilst the inner flow (blue torus) and
the jet precess around the BH spin axis (which is pointing upwards and slightly towards the observer in this
example). Here, precession and disc rotation are both anticlockwise.

(Miller-Jones et al. 2019)




Radial oscillations of the inner sub-disk in a tearing-disk simulation
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Current/Future simulations

Broader range of tilts
Broader range of spins
Wider variety of starting conditions

SANE & MAD

(Adapted from last slide of C. Fragile at the Simon Foundations in January 2024)



The trouble with people is not that they know so little, but that what they know
Is largely not true. ~ Mark Twain

Thank you.
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