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SuPer~Eddington Accretion Disks

e Growth of supermassive black hole seeds in earlg
universe (Mortlock et al. 2011, Volonteri & Silk 2014)

e Tidal Disruption |

“vents (Rees 1988)

e Ultraluminous X—-ray (ULX) sources (e.g., Colbert &

Mushotzky 1999)

Questions:

» What the sul:)er~'iclclin§ton disks look like?

e What is the radiative e 'ciencg?

e What the sl:)ectrum looks like?



ULX

. E)eaming cannot be very strong (King et al. 2001, Pakull & Mirioni 2002,
Moon et al. 2011)
* The observed X~-rays are “seen’ bg the souncling nebulae
* Binaries are very hard to Provicle the requirecl mass supplg if radiation
@Cﬁciencg is low (RaPPaPort et al. 2005)
* Need to increase the radiative ewcﬁciencg
e But ol:)ticaug thin Photon Bubbles Probablg do not exist (Begelman
2002)



Slim Disk Model

Abramowicz et al. (1988)

e Photon TraPPin
° OPtical clePt IS SO large that Photon ditfusion time is
very long
» Photon Trapping radius .
e Radiative '.iﬁi’ciency Rir = mB

e Radiative emcﬁciencg decreases with accretion rate
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~2|1+1In (E) : Sadowski et al. 2014)
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Minimum ’:’hgsics Requirccl for First
Pri nciple Calculations

o Magneto~rotational lnstabilitg (MRJ)
. Angular Momentum Transter
o Dissipation
e Radiative Transtfer
» Radiation pressure su Portecl disks
. Angular distribution of the intensi‘cg
3D Calculations
e Self-consistent clynamo and turbulence onlg exists in 3D



Ideal MHD with ”ime-clepenclent Transter

.’[iquation |
Jiang et al. Qo)
op
ot + V- (pv) =0, Photon momentum
B(Bpt'v) +V - (pvv — BB +P*)=—8,(P) — pV ¢,
Ideal MHD 59E
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Density and Specific Intensity
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Accretion Rate
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Radiation Driven Outflow

[

0.00 0.08 0.16 0.24

0.00 0.15 0.30 0.45 0.60

7 //// 7773

30

30

201

10}

—-10}

—-20F

—30L

10 20 30 40 50

* Strong outflow with a large open angle



Radiation Driven Outflow
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e total energy IS Positive in the outflow ragion



Radiative and Kinetic Energg Flux
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Energy Transport Velocity

c/T, T ~ 10%
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Vertical Advective ‘Energg Transport due to
Magnetic Buogancg
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Vertical Advective ‘f:nergg TransPort due to
Magnetic Buoyancg

((p — p)(B% — B?))
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Op0 B2
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Angular Distribution
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Beaming s not very strong,



Conclusion

oJtis Possible to solve the full radiative transfer equation for
MHD simulations.

e Advection caused ]:)9 magnetic buo ancy can help Increase
the radiative eﬁqciencg ofsul:)er-lic?clington accretion disks

(we do not need Photon bubbles)
» Radiation coming from the disk is not very stronglg beamed



