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Retrograde(a” < 0) Disk
Introduction Super-critical accretion disks are thought to be the engine of the very luminous, compact objects, / \

e.g., ultra luminous X-ray sources, narrow-line Seyfert galaxies, tidal disruption events, and so on. However, the dependence of / Rotation of
the outflow on the black hole spin parameter (a™) is not well understood. We perform 2.5-dimensional general relativistic the disk

radiation magnetohydrodynamics (GRRMHD) simulations to investigate the dependence of luminosity and jet power on the spin
parameter in super-critical accretion disks. /
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Basic eq. & Methods 2.5D GRRMHD simulations (takahashi et al. 2016) 2
S T —— Note Models. c0 L09(Eraa/Poc”) 1og(p/po)
(pu")., =0 ¢ : Light speed (c = 1) * AXis symmetric. | “.“ | i
. Th v : fluid p : Mass density * Calculation box size : 7 = [0.961y, 245]7,,0 = [0, 7] |
2 EMEE MmO MEmLT c;gservagon ol meiEnELes ul‘:v: Four velocity (ry:Event horizon, r,: Gravitational radius).
= TH*" : Energy momentum tensor : :
u. U . : —
e Th t t v f diation field G* : Radiation four force Grid points : (NT’ NH’Nqb) = (264,264,1)
e energy-momentum evnsor or radiation fie g : Determinant of g, + BHmass: M = 10M,
Ru;v = —Gy (Kerr-schild metric) « BHspin:—0.7 < a* < 0.7 (9 parameters)
* |nduction equation B*: Magneticfiéld * Electron-scattering(comptonization)
at(\/—gBi) = [,/—_g(Bivj _ iji)] Zl' 5|;therrizl"z'n°ecr';\; + Free-free absorption
. T;:teveie(rgy_l_mor_lr_\entlil_mzteniorufo; r_rlw_a(gne:i)flwgls o Py : Gl\jls pressure Initial condition [
—WPTeT Py Pm juu .pg. Pm)9 p‘f}j agnetic pressure * Set the rotational equilibrium torus. —60 - 7y e —t0
* The energy momentum tensor for radiation b¥ : Magnetic four vector : : L N U
Uy woov (v Draq : Radiation pressure * Maximum density of initial torus. —) R/Tg-6 —
R™" = Prad (4uradurad +97") u’. , : Radiation four velocity po =1.4x107% [gcm™]
* Weak poloidal magnetic fields. Fig.1 Quasi-steady structure of accretion disks and outflows.
The radiation equation is based on a moment formalism with Plasma beta: § = 100 Color shows radiation Energy density (left),mass density(right).
applying a M-1 closure. Vectors show stream-lines, and gray curves show magnetic field lines.
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Results of spin parameter dependence.

2. Luminosity In the jet region. (Fig. 4)

1. Mass inflow rate M., . (Fig.23) The Luminosity of the Jet region increases as |a*| increases.

Mi,(a®* =0.7) < Mj,(a* = 0) < Mj,(a* = —-0.7) » The total luminosity is much larger than the luminosity by the

Blandford-Znajek (BZ) mechanism. Therefore, the main energy
source 1s the disk.

The mass inflow rate is

retrograde BHs.
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Since the ISCO radius ' Fluxes
| decreases as a* Increases, Radiative flux 'BZ poynting flux
0.2 - o the accretion velocity : P i _ 9(RT\2 _ . 2
o 1o decreases as a* increases. ! Xc = #Prad Ueradlirad Foz|,, = 281 m(@y — 0)sin6
rirg 1 Poynting flux - =
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Fig.3 Radial distribution of accretion velocity. This suggests that the : | .
Marker shows ISCO radius. (The curve ends at EH. : : | — : : :
( ) growth of BHs is faster in : Oy (er ) Angular velocity of BH spin.
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Conclusions )

« The mass inflow rate Is larger for retrograde BH. The main cause Is the accretion velocity induced by the difference in ISCO.
« The main energy source for the jet is the disk, but the BZ mechanism contributes to the |a*| dependence.
« Radiation Luminosity Is maximum In jet region.




