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Intermediate-mass blackhole 1 0 0O O[O M
00000

e 700 My in M827?
Matsumoto et al. ApJL 547, L25, Chandra

e 4000 M, in M157?

Gerssen et al. AJ, in press (astro-ph/0209315),
HST



Globular- Cluster 'M1'”5 | HST - WFPC2

PRC95-06 - ST Scl OPO « November 1995 - P. Guhathakurta (UC Santa Cruz), NASA




M15 — Claims
STScl Press release (Sept 18, 2002)

Van Der Marel led a team that uncovered q bll_ack hole in the
center of the globular star cluster M15, 32,000 light-years away

in the constellation Pegasus. His collaborator Joris Gerssen,
also of the Space Telescope Science Institute, pinned down the
black hole’s mass at 4,000 times that of our Sun.

Previously, X-ray observations ...... have identified ultra-bright
X-ray sources that could also be interpreted as intermediate-
mass black holes in star-forming galaxies. However, alterna-
tive interpretations for these X-ray sources continue to exist.
By contrast, Hubble’s measurements are based on the velocities

of stars ...... whach yield a direct measurement of the black hole
masses.
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(1)
Donald Savage
Headquarters, Washington Jan. 10, 2003
RELEASE: 03-009
RESEARCHERS SEEK "HEART” OF BLACK HOLE MYS-
TERY
New research, funded by NASA and the University of Tokyo, has
shown astronomers may not yet have uncovered the mystery at
the heart of one of the Galaxy’s oldest star systems, the globular
cluster M15.
(00)



(2)

A team of astronomers used the HST for several years to probe

M15’s secrets. A few months ago, the answer to the decades-
long question of the possible black hole in M15 seemed to be at
hand. After a painstaking analysis of HST data, using earlier
model calculations by Indiana University researchers, the team

reported evidence for a central black hole. (O 0O)



(3)

Within hours of the team’s announcement, astronomers around

the world were carefully studying the paper and its exciting con-
clusions, which were also rather surprising, since the Indiana
group had previously published models that produced high ve-
locities near the center of M15 without the need for a black hole.
(00)



(4)

When the GRAPE researchers notified the HST team of their
results, they learned the Hubble team, along with members of
the Indiana University group, had reached a similar conclusion.
All three groups agreed that a black hole, if present, had to be
significantly smaller than originally reported. One of the figures
in the original paper, published by the Indiana group, had been
labeled incorrectly, throwing off the later analysis of the Hubble

observations.
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Addendum :( )

Gerssen et al. astro-ph/0210158 (Oct 8, 2002).

After the completion of our paper, the authors of the
D97 paper discovered an unfortunate error in their
Figures 9 and 12. The labeling along the abscissa of
these figures is incorrect due to a coding error in su-
permongo plotting routines (H. Cohn and B. Murphy,
private communication, 2002) The units along the
top axis should have read ‘arcmin’ instead of ‘pc and
the labeling in arcmin along the bottom axis is incor-

ect. The net_result is that the radial scale of these
gures in the D97 paper is too compressed by a factor
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Greenb500

Listed below are the Little Green500's Top 10 most energy-efficient
supercomputers in the world as of June 2010.

Green500
Rank

1 B15.43 Mational Astronomical Observatory of Japan
2 773.38 Farschungszentrum Juelich (FZJ)
2 773.38 Universitaet Regenshurg
2 773.38 Universitaet Wuppertal
Interdisciplinary Centre for Mathematical
5 536.24 and Computational Modelling, University of
Warsaw

o I IIOI Topsd00 OO O

MFLOPS/W Site*

o IO UOOOOOOOON

Computer®*

GRAPE-DR accelerator Cluster,
Infiniband

QPACE SFB TR Cluster, PowerXCell 8i,
3.2 GHz, 30-Torus

QPACE 5FB TR Cluster, PowerXCell 8i,
3.2 GHz, 3D-Torus

QPACE SFB TR Cluster, PowerXCell 8i,
3.2 GHz, 30-Torus

BladeCenter Q522 Cluster, PowerxCell
Bi 4.0 Ghz, Infiniband

BladeCenter Q522 Cluster, PowerxCell
Bi 3.2 Ghz, Infiniband

Total
Power
(kW)

28.67

57.54

57.54

57.54

34.63

26.38

o LU ULDOUOLODOUOOLODUOUOOULODUOOUDO 10

e U NHK UOUOUOUOOOOMO



GRAPE-DR

ooty

10dodoododd GRAPEOOOOOOO
HER R NRERERERERERE

1Jdodoood GeGPU LOOUOOOOOOO

— gobbooobobobiloubbbbbd

GRAPE U0O0U0OOO0O0OOOO0OUOOO0OOOOO0OOOOn
HRERERERERE
oottt dn




GRAPE, GRAPE-DR

e (JJDD0 GRAPE )OO
0000000000000

e GRAPE-DR [

Juoobttd

HREENEN
HRERERERE

0000 (@ooooooooooon
yooooooo
TopS00 DO OOOOOOOOOOOOODOONO
Oo0O0oOooooo 2010/6e 0000000 DOOO



® [

® [

HRERERERE

HRERERERE

HRERERERE

HRERERERE

HREpERERE

HREpEEE




HRERN oo obodddnd
HRERE 1 [

U

ERNRNRNRNINRERE

Joboboooouootdddoobotddtddtd

oo oooboodtddtdn
]



JUuoobtud

Joooobobbboood

HRNRERERE

[]
[]

U

Jgooobbooobobobodddddntgdn

O0D0O00ooooooog (O

Jubobboddoboboodddobodd




Jogobobobobooo: 0o

O
LI
LI

yoooooood
ooyt dn

L1

Jdddooooudddddtdttdtd

[
.
.

1L
o



Jogobobobobooo: 0o

O
LI
LI

M_H_ 1] ]
D_H_ 1] ]
_H__H_ 1] ]
_H__H_ 1] ]
_H__H_ 1] ]
D_H_ 1] ]
_H__H_ L1 ]
—u 1] ]
— & 1] ]
— O L1 ]
DD L[] ]
_H__H__H_ L ]
_H__H__H_ oo O
— L _H__H__H_ []
cOU O O
S — O
nGaO_H_ _H__H__H_ [ ]
nOE Hoo O
— O O O
sO0 O O
ONmin mP .
. _H__H__H_ 0]
100 I~ [0
L O O] g

oo oddboodtdnndd



Jdtbd: bbb ddddtntn
Jgooubobobobobobooddd

HRERERN




Jdtbd: bbb ddddtntn
Jgooubobobobobobooddd

HRERERN




Jdd: bbbt

Joooboboboobd

Jgooubobobobobobooddd

HRERN

[]

oo oobood
HREpEREEN
oo ddn o i
oo boodddddntgn
EREE NN ERERERERERERERE
Jodooboboboooboboodddtd )



.11 000ttt
o?:/_ll-lSDDDD(DDDDDDDDDDDDD)DDD

Joggoboobooooobobooddtd
Joobbobobd




3/11-18 (
) (1) 3/11

3/11 18:28 0 0 O [

0000000000000 00D0000000000000000
10000000000 000000000000000000000
3/12 1:52 O C

0000000000000 000000000000000000

oottt otdng
oo odgooodnon

bbbttt otddn




3/12

3/12000013700000000010000
15:30 100000 00 3/12 19:11
000000000 0o00ooooon

Juoougtdoodoodootdod
bbbt odgod
oot odbodootdod
Juobotbbootdbtguotbotdod
oo gdbood

Juoooodtdd

o LU OUOOUUOLOLDODOUOOUOOLOLODOOO O30 130 01:510
o 1 OIDOOOOIDOUOOOOOODOOO O30 130 12:570
o LD UOULOODUOUOOODOUOOOUOONO O30 140 10:36U

e LU UUOOUOULODOOODODUOOLODODUOUODLDOO O30 140 11:450



Jdobooboodgddobobo. gt U3t 140 11:510

Jduobobobobodgdduooboodttd 03b 140 11:550

Jdboboobgtdtdbobootodgtdtd 0b3d 140 12:24[]

Jdoboobtddubobobtd U3t 140 15:240

Juoboudboboogdbobotddb ..ot g3t 150 02:380

oot ooddootd 0o3d 150 08:52L01

oottt ootd o3t 150 14:020

Juootugootdubooudoo..gbobotd o3t 1ed 03:090

oottt tdo..ogtdbotdbo o34 1ed 09:560

Jdoboobootdddbobooogtddono U3t 18 18:010



oo 0000 @ooooon)

INESOOO 5 INESOOO 7

100000000000 770000000 (3/1800000
Jooo)

0J00000000000000 1-300000000000000C0
JooooO

0000000000000 0J00D0000000000000
00

o LU UDOOUOOUOUOLOO 100000ODOOLODOON
o LU DUOUOUOOODUOOLOUOOLDUOUOLDUOULDUOLDUOULOOULOO

o LU UOULOUODOULODODUOOLDUOUULDOUOULDOO

oo ddboddnn I




[]
Jooooobbon

Jddol - o0o0oobb bbbt

bbb — U
Jmoodooodoboddni—
10o0o0o0o0oooooo@mooooon

)

Juguoddddddidn

1000000ooooooon)



¢ 3/13INESO00D04(000000000O0O)
¢ 3/18 INESOODSOD0—000D0O000OD0)
e4/12 INES 00D 7(0000D0O0ODODOO)

e 6000:0(000D0D0)77000D000DO(0DOODOCO
00 20000000)0000000000 1/7
000000000000000000000 3/15-16 O
3/20-21 00000000 DO00OOO 3/15-16 00000

Jogoobobobobbooboboboboddddddnotgn



3/18

oot oodootdd

1 []0]0]
~—
L] o [ L

=] OO
-
oLl Lol

0000 50km U 00O 0O [
Juobtiooobt by

Joodoouoooodn s0kmUOOOonn

0000 2-3uSv/h
000000000000 1uSv/h = 4x10°Bq/m?(0
00704000000)
0000000 10Bq/m?20000000000
00LC

7100 1000000 00ooon




Juoboboboboododdtdddd
[]

O0o00o0oooooooooi100 (O

Jgooooboboboooboboboouoddt et

1,000 U U UUOOOOODODODDODDOOU




4/12

e3/16 O IDDOOODDOOOOSIUIDDOOODO
e JOOODODOO1/10

Jubooobboodddon i
03/12-14 00000000000
Jouboobdi

3o

[]
[]

[]

3/15 00 000000000000

o220t ouddtt

]



o [|[]

1O0((@Oo0oobooo)yoooooon
OO0 (oooooooboooood

o (OLC
HEN

Jobobobbobbobooudddddnygn

oo odotn

HRERERN
HREENEN
HRNREEN




oo &
oo U DD
m=]. ==
= 05
] 05
oo O O
OO 05
oo U 5
il 05
oo O 05
0OoO DDD
OO DDD
ood DDD
e DDD
e DDD
O0o- DDD
OO— DDD
MDD),DDD
mimgs _H__H__H_
g B DDD
OO DDD
OOoo O oo
S =
I L | -
| ][]




MLO 3/19

Jubotdbobgtdbobootdbbotgdbootd

http:/ /ribf.riken.jp/~koji/jishin/
Juooudboogdoogdoogd
Jubootdboobtddboototddbooogddobooddood
oottt ogdboood
Jgoogddddddggoooodtdtdtdtdtdd
Jubootdbubgtdbbotdbbgtdbootdotd

0000 Ben Monreal U OO UOOOO0OOD0OODOOOOOOONO
Jubgdbootbotdgtdbobotbotbbotgdbobotdb oot
Jubootddbobobotgddbobobogtddboobotgubobototgtdobonod
oottt tobbtgbotdbgtontbogtboodboogd
Jubootdubobttduboototddubootdbobooodgdonod
Jodooooogdd

(0o0)



Juoouubootduboodyd

o LU DOUOUOLLOUOUOLLOUOUOLLOUOUObbodbbootbogd
(00DO00DOOoDooOooOooooog)

e 000D ODDOODOODODODOMOUDODOODODOODOON)

ottt otdod
Jooodoootdboboodboboodooodooddn

Jdobobobotddbobobobogtddboooibd
(000000000000 ooooon)d

Jdubobobooboboboootddddoiod I

Jubtdbobotgtdbotdbotgtbootbtgtbtotdbotdb oot
oot otdood




3/13 0 BWR OO




e BWR-3
e BWR-4 (500 kWO OOO) (1000O)

e BWR-4 Mark-I (0000 2-400)
e BWR-5 Mark-11 (DD OO 5,6 007)
e ABWR RCCV(DO500)



BWR-4 (500 kW )

e IO (TBU)

e D0 OOODOOLOCA(V)

e I LOCADTIODDOOO (AC)
e JLOCAOOODDDDD (S20)

LOCA: Loss of Coolant Accident, D U0 00000 OO




7 oo

|7 AF =~ F

——IRFE T =

PR —

SkSTRER S
K77 — L

IF 4P e R
-_‘_‘_‘_‘_‘_‘—‘—

FFA 7=

Ty b7z

v

(21 2.6 BWR-4 Markl RO FiF R E [



[RF 1R &R KL (m)

20 ¢ — ;
- fPLEEH E‘.‘!ﬂ}jbd-h i
i —H— " 1
— LE—“?EI‘L" .
b —é\.— %%/2’]? __
| e |
" ]
N i
10 @\ ]
e .\4.— |
| —\__fr\—\ i T
. —-ﬁq_&\_-_%--\__ _J,\//II'- -
5 = \‘j’“ 4
— — M\\
~ - &

o - ‘- ° 10000000
_5(: I1E|JCII IZE;OIIIISE;OI It‘-l(llollll500 SDDDDDDDD
B (4 |:|




Pl & e E (K)

3000

2500

2000

1500

1000

500

=

B Tﬁa
1 - 1 g
: r/ll vd’ T _'"-h\h/\ _j\___________ :
| ]
| -
- | ﬁ )
: | AL i
B i (]~ 45N o
- y mmaLﬁ. g (72 )
- ' (1)) ]
i :
L )
- | | | | | 1 | | | | | | | | | | | | i
0 100 200 300 400

500



1072
1074
107
10°®
10-10
10-12
10-14

10-16

1000

1500
B¥fE (43)

2000

2500

3000



1
0.8
0.6
&
AN
=
©) 0. 4
0.2
0

] ]
Uy S
i V
1

e

% -y —

R O
1

i T A

CsOH Te
FP 7 n—=7

Sr

B

[] smss

VTl wirg
kSt e
m]]] e Gl =95



] ]
] ]
] ]
] ]
] []
I~ ]
L] ]
] DD
] DD
S
_I_H _I_M
] ]
OO - -
_H__H__l_ _H__l_
OO - D\D)
_H_oo_H_ (1]
_H__H__H_ _H__H_
mnl= 1O
mil Dﬁa\
-
LN OO
OO0 O
OO0 O
OO0 OO
OO0 O
et O O[]




Juoddodt

[]
[]

Juopduoudodt
[]

10 ot
000000000 o0ooooo(@mO s/150000)

e 23 00O 1I-200UOUUULOLOLODODOMO MO




O DM
. I
m i
O i
O O
O O
~[ e
O O 05
1 - ]

O
] [ O 1]

O
] L O []
~ O -

O O
L O ]
0 20
m e
L O i
O O _ O
Lo Oo4qO
Lo OgOd
OO OO
OO O4gOd
O OgO4d
OO OO
OO0 OO

oottt dddd

o | U UOOOODODDODODODOLOUUUOOOOOOOO



Jooobodboobdodnd

10
10
10
1]
10
10
10
10
L]
1]
10
10
10
10
10
10
10
10
1]
1]
10
10
10
10




HRERERERERERERNREEE
0O oo

TmO0000000000/00000

L 1sm U 000U
UL 13mb 15m U U U 0 [

L1




7m

Jduboobotdoboodtdtt

14m 00O OO OOO O

HRERERERE
Joodbdboboddbotdtn
[]

.



o | U DUUOOODODDODOOLOOUOUUO
o | UUOOOODDODDODDOOOOUOONO

HRERERERERE

] [

1] 1]
1] 1]
(1] mim
(1] L1
(1] 1]
(1] 1]
(1] 1]
OooY 0o
oOoUd OO
OoOoU OO
OO4H OO
OO OO
OO O
OO0 o
OO0 oot
oO4d ogt
OO0 Ogtd
OO Ot
OO0 Oogdd
OO0 OOO
| ] 1 | [ []




L 00 O [

]
Joboodddobooddoboodd
Jooooodddoboo ot

oo ddboobgtt

=gyttt

Jogobobobobobobooddd



o |1 DIOOMNMO

o |1 DIDOMNM

o |1 DOOMNOMNM

o IO DMDOML

o 11U ODOMNOML

o | UUUOODODDDDOO
o | U UUOODODDDOL

Jobooooddgoboodd I

Juoobobbd



~ O OO OO o

HRERERERERE

Jubobbuobbobbbbdddbob oy bt
Jogobobboboboboboodd

Jdoobotdddbooboodddoobdtd

Jdotddddoboooboboodddddnog
1 [

000000000000 (@oooooood



