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How SMBHs@z~6 form 7

. (Gas accretion
« From debris of first stars (~100M@)
. From direct gas collapse (> 10*Me)

. Merger of massive black holes (MBHSs) in dense
environments

We Investigate the growth of SMBHSs through their merger.
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But, can MBHs merge easily ?

. Two MBHs in one galaxy \ / Protogalaxy
merger
. Approach down to a few pc. ‘ ‘
. Loss cone depletion (Begelman et al.

1980: Makino, Funato 2004). \

. Three MBHSs in one galaxy
. [Two MBHs sometimes merge (lwasawa et
al. 2006; Hoffman, Loeb 2007).

/

— A part of MBHs merge. .
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This work

. Evolution of multiple MBHs .
3 ?

. By means of N-body simulation

« Orbits of MBHs down to 3 times Schwarzschild radii

O

Merge Not merge
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Method - N-body model

« 10 MBHs in one galax
g y ot M.aS.S. C.{e.n.Si.ty. ?jiStri.bl.Jti.o.n

. Galaxy
. . . . . 102 i i
. Distribution function : Hernquist’'s model ,
— 10° -
. The number of stars: N=bx10° ém_g i | :
_ < MBHs | :
. escape velocity ~1000 km/s =04 L ;
Q i :
. MBHs 106 [Virial radius —
. Total mass: 0.1 % of the galaxy mass 10° 10° 10'1[k 10]0 10" 107
r [kpc
. Mass function : equal mass , Projected spacial distribution
. Spacial distribution : R
. within 1/3 virial radius of the galaxy _osf
. s Of
. Merger condition : = o5 L
. 3 times Schwarzschild radii A
=15 &0 ety
MBHSs are centrally concentrated. 1.8 518 O BiE | ME g

[Kpc]
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Equation of Motion

° : Star — star

) Star - MBH

tational quadrupole
radiation

[VBBJi(U%B¢j_' = BJ)

T'BB,ij T'BB,ij

T'BB,ij 3TBB¢j

+ I'BBij 5
TBB,ij

I'BB,ij * VBB,ij (_3v%B,U n 6G’mB,7; 52GmB,j>]
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N-body Code

Time integration

. 4th-order Hermite scheme with individual timestep

Calculation of gravitational force
. 04 Blade-GRAPE on FIRST

Special treatments for binary MBHs

. Coordinate transformation to
. Center of mass
. Relative motion
. Ahmad-Cohen neighbor scheme

From scratch
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Results - Orbits of MBHSs
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Growth of one dominant MBH

. Five MBHs merge to one

MBH.

. No merger of the other

MBHSs

Formation and merger of
binary MBHSs

« No direct collision

|
Merger of binary MBHs

Formation of binary MBHs
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Growth of one dominant MBH

Semi- maJor aX|s of blnary l\/IBHs to merge
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. One binary MBH at each time

« Prevent other binaries from
forming

. The binary always including the
most massive MBH

. Not easy to be replaced by
smaller MBHSs

— Growth of one dominant MBH
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The number of binary MBHSs
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Growth mechanism (1)
Formation of binary MBHs

Fixed potential -

- MBHSs do not fall into
= the galaxy center.

Dynamical
friction

0

100 200 300 400 500 600 700
t [Myr]

« Dynamical friction of stars Iis important.

. No formation of binary MBHs in a fixed
potential

« Dynamical friction of stars
. Falling into MBHSs Into the galaxy center

. Increase of the number density of MBHs
at the galaxy center
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Growth mechanism (2)
Merger of binary MBHSs

(08 he third merger

T T T T | T T T T

- 1 Binary-single interaction
10 F b3
10° F o -

- Gravitational wave radiation

S L

107 F
= 104 : d Merger
10™ E shrink . . .
102 o . Binary-single interactions
10" F . Increase of the eccentricity of
100 : T MBH binaries.
241 241 .1 241.2 . L
t [Myr] . Irigger of gravitational wave

a . semi-major axis of the binary MBH radiation.
p . separation between the binary MBH
Components
rps . separation between the binary MBH
and the third MBH
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Summary

. We follow the evolution of multiple MBHs by means
of N-body simulation.

. Multiple MBHs evolve to one dominant MBH.
. The key process for the growth

. Dynamical friction

. Binary-single interactions

. (@Gravitational wave radiation

. SMBHs can form through the system of multiple
MBHSs In the early universe.
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