Hidenori Matsui’, Takayuki, .'"‘ iteh', Junichiro Makino',
Keiichi Wada?, KOth Tom’féak" Eiichiro Kokubo', leoshl

Dalsak,a%kashl Okamot Naok| oshida®

.
.

1 National Astronomical Observatc v, TRape

2 University of Kagosﬁr W L 2=

3 University of Hltdtsubasﬁl"

4 University of Tsukuba - e

5 University of Tokyo * S O i L Project Milkyway

Mittwoch, 30. Juni 2010



Coevolution between supermassive
black holes (SMBHSs) and galaxies

® Correlation between Mpuige and

MsMBH
= Coevolution between a galaxy and T
a SMBH >
(V9
ke
® Theoretically,a SMBH grows through <
® coalescence between SMBHs e
log M, [M;]
® gas accretion to SMBHs in wet merger Mass of bulges

Marconi & Hunt 2003
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Previous Numerical Simulations of Merging
Galaxies with SMBHs

(e.g., Springel et al. 2005, Kazantzidis et al. 2005, Di Matteo et al. 2007)

® Gas falls into galactic central region (~hundreds of pc
scale).

Collisionless

Cooling

® The SMBHs grows through the

accretion of gas.

vzlnitial Conditions
Open = Collisionless

Numerical results reproduce the ° Flled = Gaséynamics
observational relation. ® 8 100 20 300 400

O: velocity dispersion
Kazantzidis et al. 2005
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Previous Numerical Simulations of Merging
Galaxies with SMBHs

(e.g., Springel et al. 2005, Kazantzidis et al. 2005, Di Matteo et al. 2007)

® Resolution
® Mass resolution (SPH mass) 10°¢ Mgy,
® Spatial resolution (gravitational softening) ~ 100 pc

® Interstellar medium (ISM) model

® Isothermal gas (T ~ 10* K) or gas (T > 10" K)

. P L 4 " L A LA
& - ' & o~ 1 A e ¥ "
Fis N g | N N "
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Our Simulations of a Merging Galaxy
~ Simulation Method ~

e Simulation Code

* ASURA (Saitoh et al. 2008,2009,201 O)
*Parallel Tree+GRAPE N-body/SPH cod i,

* |SM Model
® SPH (mass : 7% 10° Msun)

o Radlatlve coollng (IO K <T< |08 9

M L o"‘-
.
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Simulation Models
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Collision Geometries
Orbit : Parabolic Za
. BRI Inclination of disks (1%

20 F

10 §

» /49 Rperi

-10

0 10 l[l 1 ()
kpc
I{peri (kPC) 1 W1 12 w2
tlt/tilt | 7,5 -109 30 71 30
Rperi (kpC) 11 w1 12 w2
pro/pro 7,5 0 - 0 -
pro/ret 7,5 0 - 180 -
ret/ret 75 180 - 180 -
pro/ tilt 7,5 0 - 71 30
tilt/ ret 7,5 109 30 180 -
tilt/ tilt 7,5 -109 90 71 90

Mittwoch, 30. Juni 2010



: oS L0 S it S e g st T B

- Results
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Formations of Hypermassive Star

Cluste

O Hypermassive star clusters
J Galactic centers

-
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Observations of ULIRGs (z~0.1)

Borne et al. 2000
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Mass Supply to the Galactic Center

Hypermassive star clusters sink into galactic center through

dynamical friction.
= Mass supply to galactic central region (~10 pc) takes

place.
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Result Summary

® Hypermassive star clusters form in the central kpc of
the merger.

® These clusters sink into the galactic central region.

® Mass supply to the galactic nucleus is in the form of this

HSCs, not in gas.

A g B
- i rat - ' - \
: i i TP
M adray (@97 |
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Discussions

How the central SMBH grows!?
® Hypermassive Star Clusters are compact.

® Mass: ~ 108 Msun

® Half mass radius: < 20 pc

= |[MBHs might be formed through runaway collisions of
massive stars (Portegies Zwart et al. 2005).

® Hypermassive star clusters with e star cluster
IMBHs sink |nto galactlc center

T, s a3 Sa = el ol
;\.. - s q’: ’2 ,Ca ad A'd‘“ q .! Il , ‘ ‘- IO L Io- Qg\
o = ra s R £
-
\,

.\/)
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Summary

® VWe have performed high resolution simulations (mass
resolution ~ 7x10° Msun, spatial resolution ~ 20 pc, ) of galaxy-
galaxy merging.

® In the merging process, several hypermassive star clusters (~108
Msun) form in the galactic central a few kpc.

® These clusters explain the origin of "multiple nuclei” in
ULIRGs.

® Hypermassive star clusters sink into the galactic central region
because of the dynamical friction.

= These processes may be important for growth of SMBHs.

If IMBHSs formed in HSCs, they are brought to
the GC by the parent cluster and merge with

central SMBH. This might be the main growth
path SMBHs.
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High resolution simulations with multi-phase
ISM model are |mportant fcr understandlng

. » v ¢ y A A -
- & , \ B, G 3 - . wh 4 > g l » A -, g e h Ny 3 Pl p N | .
PRCPRNLLY - - B T = - , £ al\VY Ve Wa%t 4 ' ;
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Formation of IMBHs

® Hypermassive Star Clusters are compact.
® Mass: ~ 108 Msun

® Half mass radius: < 20 pc

= Formation of intermediate mass black holes
(IMBHSs) via runaway collisions of massive stars
(Portegies Zwart et al. 2005).
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Simulations with Multi-phase Gas (10 K <T < 108 K) (Saltoh
et al. 2009)

Global dynamics is very “different” g S

with previous simulations.

FYE o T I § o .
b TR X -~
~ @ - . 3 - .

v " "~ 5 ¢ i
A ' AN T . - N
v A 3 v 2 N ee

a1 ‘__. ) LA

) ‘r- ’- v"'- :

- . - h‘. 3 .

| | | | I | 5O | | I | 5O | | I | 5O | |
I First encounter’ 2
L E d o created byTake
I. | 5 — | O Saitoh
e : — 2{:: :,
= ] ,'p'i S & (:)
= . —
B 2
0h & F - IRl Multiphase Gas Model
e 1B & Q> 8
] L 10 K <T < 10° K
}_- J ‘\ u 1\%‘."{' '~.-‘ ) ( )
Bt o WL\ "'."-‘\'\'A-‘MME )
O L oo b () Isothermal Gas Model
A0 () (~1 0* K)

Mittwoch, 30. Juni 2010



Formation Process of Hypermassive star clusters

|. Gas clumps (~10¢ Msun) form.

2. The clumps merge with each other.
3. Their mass grows and reaches to >10% Msun.

903 Myr 906 Myr 910 Myr
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Mass evolution of hypermassive star clusters
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