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Mgn-Mpuige COrrelation

Galaxy formation, i.e. star
formation, contributed to
forming SMBH.

But, How?

IS this relation true at high-
2?

IS this trend true also in
smaller galaxies?

Is the scatter in this | . |
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relation intrinsic? What’s 6 8 10
the origin?
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McLure & Dunlop (2002)

See also Kormendy & Richstone (1995)
Merritt & Ferrarese (2001)



Past N-body/SPH
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Formation of a small spiral galaxy .
Saitoh et al. (2004)
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Coevolution of M,(r<0.3 kpc) and M,

Saitoh & Wada (2004) ApJ 615, L93
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Next question:

IleH/Mcore (Z) =7?




Evolution of proto-SMBH

simulation + radiation drag model
UMyrag/dt ~ Loyars [1-exp(-7))/c?

« Aseed BH (260 M)
grows with Eddington
accretion rate until
Mypo ~ Mgy -

» An intermediate-mass
BH (10* M,,,) can be
formed by z~4 in a
forming galaxy (Mpy,
=10'° My,,.)

* MBH//M@U“@@ =~ 10-4 fOF
z<4.

10’

Mass [M |
=

104 Mg,

Kawakatsu, Saitoh, KW (2005)



Coevolution of Mg, and M,

Mg/My4, 18 NEarly constant from z~8 to z~2.

1) The halo grows by mergers.
2) Nuclear starburst is triggerec
3) Radiation energy density
increases in the core region 107
4) Radiation drag removes A.M _
from the the gas. 3

5) The gas accretes to the
central seed BH.
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1.27
Mgy 011 Mpwm
106Mg  \ 102Mg

— Mgy max ~ 3 X 104 My, at z~2




Super massive BH (10%-8 M
Obscuring molecular torus (1-100 pc) + Jet + ENLR

«n)  accretion disk (AU scale

Energy source mass accretion (0.01- 1 Msun yr-?)

BLR + NRL +




Wada & Norman (2002) ApJ 566, L21
Obscuring “torus” around a supermassive BH with nuclear
starburst

2562 x 128, uniform grid, 0.25pc/grid
Radiative cooling (5-108 K), SN feedback, selfgravity
Mys = 10 M

Mgy = 108 Mg, sury ONR = 0.8 yr-t




Integrated intensity maps
of an obscuring moleculal

torus
viewing angle = 45 deg

Clumpy structure of the “torus”
ould be detected with ALMA.
(0.01” — 0.8 pc @Virgo)

KW & Tomisaka (2005)
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10 M,,, IMBH 2z>4
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