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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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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 W, = 7-12
e Salpeter IMF (as suggested by McCrady et al)

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

Ebisuzaki et al. 2001 ApJ 562, 19L
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TYPES OF GALAXIES 0000000

ASTRONOMERS SORT GALAKIES using the “tuning fork” classification scheme
developed by American astranomer Edwin Hubble in the 1920s. According to ELLIPTICALS
this system, galaxies come in three basic wpes: elliptical [represented by the
handie af the fork at right], spiral [shown os promgs| and ifregular [shown
below at fefr]. The smallest galaxies, known as dwarfs, have their awn
uncernain taxonomy

‘Within each of the ypes are subiypes that depend on the details of the

o LI DUHULODODODOOON

galaxy's shape, Gaing from the top of the tuning fork 1o the bottam, the galactic ED
disk becemes mare prominent in optical images and the central bulge less so
The different Hubble types may represent various stages of development,
Galaxies start off as spirals without bulges, undergo a collision during which D D D D D D D D D D D D
they appear irregular, and end up as ellipticals or as spirals with bulges.
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Katz and Gunn 1992
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Saitoh et al. 2005
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Saitoh et al. 2007
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Star formation with SPH

Large scale structure formation with AMR
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e 2006: Xu et al,
Science 311, 54

Center: Sun o'

e Nov 2008:
Burst of results
from VLBA

Galactic Coordinate (y) [kpc]

e Several data
from VERA
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Asaki) Galactic Coordinate (x) [kpc]
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TIME=2.00Gyr GAS (T=10""-10%°K n,=10"%°-10%%m™?)
SUN : Pos=(0.0,10.0)[kpc] Vel=(169.5,0.0)[km/s]
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(Fujii et al. 2010)
animation al

animation a2

e Stable against radial mode (al, a2)
e Spiral arms form

e They seem to be maintained for very long time


file:/home/makino/tmp/anime_a1.gif
file:/home/makino/tmp/anime_a2.gif
file:/home/makino/tmp/anime_b1.gif

HRERNRNRERERERN

e U DUOOOODODOOMO
o 1D ULOMOMN
e 11D DOUOLMO

Joboooodddgobnbon

e LD UUOLODODUOOODDOOOODOO
e | UUODODUOUOODOUOODOOODO O
e | LUUODODUUOLOOOOODONO




Joboouodddobobobdddnod
2 00

oo oboodd
oD gboboooddddn




300 [

o IO OOONO
o L UDDOOUOOOUOOLODODOOUOOOODONO

200 O

o L UDDOOUOOUOUOODLODODOOOOOUDOODDOMO
jooot bbb boond
ooy

o L UDDOUOUOOOULDODLODODOOOOUOLODODDOMO
Jdubobobbbogtdtddubooobgdddnd
Jouobooond



100 [

e I UUUOUOOODDOOOMO

o U UUUOOOODDOLODUOOOODODO
Jobooooddddobooodd

e 1D UUOOOODODODNOL
e I UIUOOOODDODDODLODUOUOOOOOO
oo obdd




1Joddodoododd 128GHops x 80 [
g i1ooobt =10 1200111

1goodod 10 100 Gfiops 10 0 [
Jobooooddddobobon

Jbooobddddobonbob ottt
HRERERERN

e DU UIUOOOODODDODLOOOOO O
o I UUUOOODODONO



oo bon

oo ooodd
HERERERNRNRN

Jooooodddoboooodd
(GRAVITY PIPE, GRAPE)



GRAPE

~ D 4 ™)
Host ]  GRAPE
Computer
\ J \ y,
Time integration etc. |nteraction calculation

Joooo: oo on
Joodd: boddboodd



o I DUUOOUOOODODOUOOOOODODONO
HRERE

—goooooddd
—Jooboooodddonbd

— Uy
o 11U OODODOD — UOOOOOOOO



GRAPE

xilvilezs
. £ _—_—’®-- 1 X —q‘:
A=Yy X § fgm%@ > m —=4i/6
_ | 4 o
FERRT &) & ® ORISR
P | e S Ay
Ay i - H jﬁ)'—@—" P G Zi/G

EE?E?%%;@ LM ]
_ CLEAR REAB

CARRY
-1.55% {%
-
A& M + ¥
Ly 74
I i-ADDRESS VA
v | 7
e 2iee. .
& Gr; nf oo (BY = e ~03) 1 eLock
4+, =, X, 2%tk 1operation, -1.0RIBEBHMAFPUTPLIEL Tiloperation LIBT3,
$28t24operation. :

Hoperation QIR LI 22 MH T, £hMpipelinels LT3 LN ET 5,
TFodhtd) W2MLTIMEBUY T AROBUIVENEST S HOFIF0First-1n First-0ut memory),
e RELAAHOo VY 2, NERLALEBEEREAHEO VY A (DT 5.

M2, NENEoO-heBmAiEs 8+ sER0OELHE,

OO 19880



Peak speed (Tflops)
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Little Green 500, June 2010

Green500 MFLOPS/W Site* Computer*
Rank
1

National Astronomical GRAPE-DR
815.43 accelerator Cluster, 28.67

Observatory of Japan

Infiniband
QPACE SFB TR
2 Forschungszentrum Cluster, PowerXCell 5754
Juelich (FZJ) 8i, 3.2 GHz, :
3D-Torus
QPACE SFB TR
. . Cluster, PowerXCell
2 Universitaet Regensburg 8i, 3.2 GHz, 57.54
3D-Torus
QPACE SFB TR
. . Cluster, PowerXCell
2 Universitaet Wuppertal 8i. 3.2 GHz, 57.54
3D-Torus
Interdisciplinary Centre  BladeCenter QS22
5 for Mathematical and Cluster, PowerXCell 3463
Computational Modelling, 8i 4.0 Ghz, :
University of Warsaw Infiniband

Jo0o0oooooooooOoo
#2: IBM PowerXCell, #9: NVIDIA Fermi
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