B'D BES’t

Big Data appllcatlons for Black hole Evolution Studies

lllustration: Visualisation of an accreting BH Credits: NASA's Goddard Space Flight Center/Jeremy Schnittman

Black hole spin evolution

in cosmological simulations with OpenGadget3
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Radio lobes

Composite visible and radio image of Hercules A. The radio emission, in red, traces the jet.
Credits:
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Images of a sample of clusters observed with the
South Pole Telescope with candidate X-ray cavities

Credits:
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Hercules A (z = 0.154) A2597 (z = 0.082)
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Cygnus A (z = 0.056)

Credits: see review by
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A logarithmic view of the AGN-galaxy
connection

Binding Energies radio lobes
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B 4raG*Mgyp Accretion rate My

Bondi-Hoyle-Lyttleton parametrisation
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Sub-grid accretion disk
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Spin evolution gas accretion

Dubois+14,20
Bustamante & Springel 19

]BH, n
<

® Bardeen-Petterson 975 effect
e disc innermost region rotates in ~ ® Inner region co-/counter-align (King+2005)

® Thin disk structure

® Viscosity (vq, 5)

| | the BH equatorial plane ® BH spin magnitude a increase/decrease
—> Timescales and disk . L
rties (si ) ® torque on BH due to warped ® BH final direction along J,,
roperties (size, mass etc. T
PToP distribution
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Spin evolution gas accretion

® BH growth - disk mass M,

® N accretion episodes in df mass rate is Mgy

® BH spin magnitude ISCO angular momentum

® BH direction total angular momentum (conserved)
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Spin evolution e+ mergers

M,

otal

Rezzolla+08

Full numerical GR simulations

Take into account GW emission

— Final spin
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Feedback coupling

Energy injected thermally and isotropically in the BH kernel:
- . 9
L = eeMc

® Spin evolution model - ¢, depends on a
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Magneticum Box4 Spin evolution: ¢, = 0.0775
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Supermassive black hole spin evolution in cosmological simulations with
OPENGADGET3

Luca Sala,' * Milena Valentini,>> Veronica Biffi,> and Klaus Dolag!+*
L Universitdts-Sternwarte, Fakultdt fiir Physik, Ludwig-Maximilians-Universitdt Miinchen, Scheinerstr. 1, D-81679 Miinchen, Germany

2Excellence Cluster ORIGINS, Boltzmannstr. 2, D-85748 Garching, Germany
3 INAF — Osservatorio Astronomico di Trieste, via Tiepolo 11, I-34131 Trieste, Italy
4 Max-Planck-Institut fiir Astrophysik, Karl-Schwarzschild-Str. 1, D-85741 Garching, Germany
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. Improved version of
SPH code Gadget3
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sub-grid accretion disk +
black hole spin evolution
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Big Data applications for Black hole Evolution Studies
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