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Nobukawa, Masayoshi

3,000,000

ASTRO-H
2012 (014 )
2015

This research aims to study the overall structure of the high-energy phenomena in
the central region of our galaxy. During this research, we found high energy phenomenon in the region: a
huge plasma of 100 million K extending over the Galactic center region, and X-ray reflection nebulae,
i.e. X-ray emitting molecular clouds, which are evidence for past high activity of the super massive

black hole, Sagittarius A*. Unfortunately, launch of the next X-ray observatory, ASTRO-H, was postponed,
and hence this research did not reach the goal. After ASTRO-H will be launched in FY2015, we will reveal
the relationship among those high-energy phenomena in the Galactic center region.

X ASTRO-H




400
A*
3
X
X
X
1054
erg( 1000 )
(
) X
A*
( )
10 keV
eV 1
eV=1.6x 1019J 1 TeV=103GeV=10¢ MeV =
10° keV= 1012eV X
100
10000 km/s
A*

A* X

A* X

[1] Koyama et al. 1996, PASJ, 48, 249

[2] Nobukawa et al. 2011, ApJL, 739, 52
[3] Aharonian et al. 2006, Nature, 439, 69
[4] Koyama et al. 1995, Nature, 378, 225

1
X 2
X
1
X
X ASTRO-H
10 10
keV X
TeV
H.E.S.S. 20
GeV Fermi
2
X
X
A*
ASTRO-H
@
X
X



X
X 200( Eggeon
= F 2 B2 Sgra® c1 g 40
= 0 f'. """ ‘ OB % .:
N : MOT4 c3C2 .’_b[ 2
200, . . i . . )
(2) ASTRO-H 6o Faceon | BERRRRREY %
ASTRO-H [ é 1y F
400} =l =
X SXI ; l R
. N~
2000 |, ; = 18 8§
= SgrA* 15202
& O W s .
= B20 ém | ]
[ i C30 115
'200: ‘M0.74 éct 1
) ASTRO-H 400 " =l .
; ! ]
2014 600k . rm ]
P P B B AP BN T ]
600 400 200 O -200 -400 -600
X (ly)
X 3

€Y ) X A*

X
A* X
A*
A* X
10

< o 6

E 10 X

£
- X

j: X 3

ax
£ 600 50
g )

:
wg X

g

£ 10

‘ ‘ L ‘ X
0.01 0.1 1 10 100
Distance from Sgr A™ along the longitude |[.] (degree) E=MeV
X X
20 eV/cc

A* 1~2° 1 eV/cc




*

G349.7+0.2 G350.1-0.3
@
20-40
(6337.2-0.7
(5) ASTRO-H sx1
X CCD SX1 0.3-15 keV
T T T T
940 %m“’w“’”%m%%%wwmm“’w%mmw“’m"”‘mm@%%mmmwm%“’wm@u
*k@w@ N o 2,
waes o, e, e
5 R B T R
5, oy veg N~.N%aj q
= 930 4
20 4
o)
jon) {
= o0t 4
PH”’ (After All Corrections with CI) o 1
PH’ (After Charge Trail Correction with CI) o
Without CI
I Il I Il
_ t T y u
5 15k 3
£ 5 D50 d 6 500060 T 060 0000020 7000890404000 4000000900 ,0400 ]
Z 10F 3
1 ! 1 L

200 300

E=5.9 keV X

CCD

400
RawY

500

38 x 38
X
X
X
X CCD
0.1%

ASTRO-H

Yamauchi, S., Shimizu, M., Nakashima,
S., Nobukawa, M., Tsuru, T. G., Koyama,
K., 2014, *“ X-ray filament with a
strong 6.7-keV line in the Galactic
center region” , Publications of the
Astronomical Society of Japan, Volume
66, Issue 6, 1d.1256 pp.,

Yasumi, M., Nobukawa, M., Nakashima,
S., Uchida, H., Sugawara, R., Tsuru, T.

G., Tanaka, T., Koyama, K., 2014,
“ Abundances in the -ejecta of
core-collapse  supernova remnants
6350.1-0.3 and G349.7+0.2" ,
Publications of the Astronomical

Society of Japan, Volume 66, Issue 4,

id.689 pp.,
Nobukawa, M., Nakashima, S., Nobukawa,
K. K., Koyama, K., 2014, * Suzaku

Observation of Time Variability of
X-ray Emission from Molecular Clouds
in the Galactic Center” , Suzaku-MAXI
2014: Expanding the Frontiers of the
X-ray Universe, proceedings of a
conference held 19-22 February, 2014
at Ehime University, Japan. Edited by
M. Ishida, R. Petre, and K. Mitsuda,
2014., p.54-55,

Nakashima, S., Nobukawa, M., Uchida,
H., Tanaka, T., Tsuru, T., Koyama, K.,
Murakami, H., Uchiyama, H., 2013.
“ Discovery of the Recombining Plasma
in the South of the Galactic Center: A
Relic of the Past Galactic Center
Activity?, The Astrophysical Journal,
Volume 773, Issue 1, article id. 20, 8
pp- .,

Ryu, S. G., Nobukawa, M., Nakashima, S.,
Tsuru, T., Koyama, K., Uchiyama, H.,
2013. * Discovery of the Recombining
Plasma in the South of the Galactic
Center: A Relic of the Past Galactic
Center Activity?” , Publications of
the Astronomical Society of Japan,
Vol .65, No.2, Article No.33, 9 pp.-

Uchiyama, H., Nobukawa, M., Tsuru, T.,
Koyama, K., 2013. *“ K-Shell Line
Distribution of Heavy Elements along
the Galactic Plane Observed with



Suzaku” , Publications of  the
Astronomical Society of Japan, Vol .65,
No.1, Article No.19

Yamauchi, S., Nobukawa, M., Koyama, K.,
Yonemori, M., “ Evidence for
Recombining Plasma in the Supernova
Remnant G346.6-0.2" , Publications of
the Astronomical Society of Japan,
Vol .65, No.1, Article No.6
Yusef-Zadeh, F., Hewitt, J. W., Wardle,
M., Tatischeff, V., Roberts, D. A_,
Cotton, W., Uchiyama, H., Nobukawa, M.,
Tsuru, T. G., Heinke, C., Royster, M.,
2013, * Interacting Cosmic Rays with
Molecular Clouds: A Bremsstrahlung
Origin of Diffuse High-energy Emission
from the Inner 2° x 1° of the Galactic
Center” , The Astrophysical Journal,
Volume 762, Issue 1, article id. 33, 22

Pp-

Calibration method for the
Astro-H SXI 9" IACHEC meeting
Airlie Center (Warrenton, VI), 2014

5 12-15

X-ray Reflection Nebulae and
Past Activity of Sgr A*
2014 23-24
Suzaku Observations of X-Ray
Reflection Nebulae in 2005-2013 and
Past Activity of Sagittarius A*
COSPAR2014 2014 8
2-8

PV proposal for Galactic

Center (ASTRO-H) 12" ASTRO-H Science

Meeting AstroParticle Cosmology
Laboratory (APC), Univ. of Paris 7
2014 7 711
NGHXT
2015
2015 3 23
X Sgr A*
1000
2015 2015 3 23-24
D X
2013
2013 9 1012

X-ray Reflection Nebulae and

Past X-ray Flares of Sgr A*
ALMA 2013 11

27

Central Region in Our Galaxy
~Recent Result of an X-ray Satellite
Suzaku~  Swiss-Kyoto Symposium ETH

2013 11 22

21

Neutral

Sgr A*
2013

2013 3 20-23

2012 11 6

2012
9 10
K-shell Emission Line of
Fe from the Galactic Center
Region
2012
5 11

Galactic center mini-workshop
2012

http://ww-cr.scphys._kyoto-u.ac. jp/memb
er/nobukawa/

¢y

NOBUKAWA, Masayoshi



