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(Nature Vol 428 No 6984 724-726, “Formation of
massive black holes through runaway collisions in
dense young star clusters”)
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M82 BH

Matsumoto et al. ApJL 547, L25
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McCrady et al. 2003 (astro-ph/0306373)
Cluster #11 (MGG-11)

e o, =11.4 4 0.8km/s

e half-light radius 1.2 = 0.17pc

e kinetic mass 3.5 + 0.7 x 10° M
e Age ~ 10Myrs.
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e King model with Wy = 7-12
e Salpeter IMF (as suggested by McCrady et al)

e Star-by-star simulation for MGG-11 (MGG-9 is
scaled)



Wey>80O0O0ODOOOO (MGG-1100)
MGG-9 (0 00DOO00)0OoooOoooooood



oottt
(00000000000 Ooooooboooooooon)



Jobobootddobooddoboogddoooddod
oot oogdboooddootd

000000000000 @O)00o0obOo0 BHOOO
1 100-1000 M, UOUOOOOOO

Jdddddubbobuoboooobbboogtdid
Juooogdun



IMBH

e 0ID0DODOO IMBHOOODODO/OODOODO
Juoboogddobobd

o DU UOULOLDOOOULODLDOOOOLODLDOOON
Jooooogdd

JoooooM82 oot IMBH 00000
O000000000DOO00O0000D0000@bOooon
Oo0ooooa)




IMBH

0 (BH2003
ACIS 361 talk)

I BRC obs?2

I'Iﬂ

2MASS O0O00O0OO
Chandra OO 0O 0O O
O0000M82-X1 0O
MGG11 00O 07.6 O
O000

Radiation recoil U0 OO O0OO0OOOOOOOONOO
HRNpEEEN



IMBH 0 SMBH

1. 000
2. 0000dobood

e SMBH ULUUUOUOUOOO Growth timescale
would be too large

3. SMBH 00 IMBH 00007
e I 0IDDOODOODODODOODO((M@mO)



Merger

Ebisuzaki et al. 2001 ApJ 562, 19L
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TYPES OF GALAXIES |:| |:| |:| |:| |:| |:| |:|

ASTRONDMERS SORT GALAXIES using the “tuning fork” classification scheme
developed by American astranomer Edwin Hubble in the 1920s. Accarding ta
this system, galaxits come in three basic wpes: elliptical [represented by the
handle of the fork at right], spiral [shown as prongs ] and irregular [shown
below at feft]. The smallest galaxies, known as dwarfs, have their awn
i e JI0IDDODODOO

Within each of the ypes are subiypes that depend on the details of the MAg
galaxy's shape. Gaing from the top of the tuning fark 1o the battom, the galactic E0
disk becemes mare praminent in aptical images and the central bulge less so.

The different Hubble types may represent various stages of development
Galaxiesstart off as spirals withaut bulges, undergo a collision during which
they appear irregular, and end up as ellipticals or as spirals with bulges.
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Star formation with SPH

Large scale structure formation with AMR
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Science 311, 54
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(Fujii et al. 2010)
animation al
animation a2

animation bl

e Stable against radial mode (al, a2)

e Spiral arms form

e They seem to be maintained for very long time
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Little Green 500, June 2010

Green500 MFLOPS/W Site* Computer*
Rank
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2 Universitaet Regensburg 8i, 3.2 GHz, 57.54
3D-Torus
QPACE SFB TR
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