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SMBHs in the early universe

Boi® /HSMBH

v z~17.5, Mg, "~ 8.8 x 108 M,,,, (Banados et al. 2017)
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or super-Eddington accretion ?




Effect of radiation feedback

e Bondiaccretion rate
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Super—Eddington accretions onto MBHs
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Existence of dust in high—z QSOs

ex)
® Weis et al. (2007)

* (COlines and dust continuum from lensed QSO atz= 3.9
* ngp ~10°cm3, My ~ 5 X10° My, Mgyt ™~ 3.3 X 107 Mg,

® \enemans et al. (2012)

* [CII] line and dust continuum from QSO (Mgy =2 X 10° M,,,) atz= 7.08
Myust ~ (0.7-5.7) X 108 M,

® \enemans et al. (2017)

* [CII] line and dust continuum from QSO (Mgy =8 X 108 M,,,,) atz=7.54
Mgust ~ (0.6-4.3) X 108 M. Mgy < 1.5 X 10 My,
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Radiation pressure to dust particles

v" radiation pressure from UV photons (Fy yv)

_ kuv L
dd, UV = ATR? ¢
ZN &
Lgad,a,uv = 1.4 x 1072 (Z_) LEdd 2> 107 Zsun THAA 2 OFEFIEIR
o
M Z\"
B . BH
=46 X 10~ L (103M@> (Z@> Yajima et al. (2017)

v’ radiation pressure from dust thermal emission (Fg )

* UV photons absorbed by dust are reemitted as IR photons

* Radiation pressure from IR photons pushes gas outside of Hll region
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Methods

HD simulation (public code “PLUTO”, 1D-spherical coordinate)

L Radiative transfer
v' photoionization (EUV)

dust attenuation (FUV, EUV)

v
v" dust thermal emission (IR; FLD approximation)
v

mass accretion rate = radiation (FUV, EUV)
slim disk (Watarai+2000)
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® Non-equilibrium Chemistry

v’ sixspecies: HI, HII, Hel, Hell, Helll, e-

Hydrodynamics

Chemistry

Radiative transfer

v' photoionization, recombination, collisional excitation & ionization, free-free emission etc.

Initial condition: Mgy = 10> Msun, ngs= 10° cm™3, T, =10% K | dust-to-gas mass ratio, D = 0.01

(Z/Zsun)




Effects of dust attenuation & UV radiative force

w/ Fyov & w/o Fyp
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Effects of dust attenuation & UV radiative force
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Effects of IR radiative force

w/ Fauw & w/ Fa.ir
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Effects of IR radiative force
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Effects of IR radiative force
w/ Fd,UV & w/ Fd,IR
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T [K]

Metal cooling

v" Important cooling sources = ClI, Ol, dust-gas collisional cooling
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Summary & Conclusion

Rbondi > R
MBH 4 Neo,5 2 0.64 Tfolﬁil + dust attenuation

metal cooling
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