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Observation of the GC region with Suzaku

p ’J " R: 0.5-2.0keV
oy T Ay o ™ G:2.0-5.0keV
iy R A . B:5.0-80keV
R

| NG

Suzaku is the best observatory to observe
“diffuse” emission from the Galactic center region.

High Spectral Resolution,
Large Collecting Area,
Low and Stable Non-X-ray Background

204pointings, 5.96 Msec 36 refereed papers,
SWG, AO, LP, KP x2 (|I|<3.5° |b|<5°) 7 Doctor Theses.




Suzaku Spectrum of the GC region

Neutral Fe KX A
(6.4-keV line) \
= Narrow Line He-like Fe KX
Mapping CRAGAILE)

2 5
Energy (keV)




. -2
arcmin

-2 -1
S

Photons cm

6.7-keV Line Image (He-like Fe K&)

6.7ke\’(Continuum subtracted)

———® Thermal Plasmas
6.7-keV | smoothly distribute in
| the GC region.

{® The origin is still under
debate.

10 __
, | r™~500ly - Truly diffuse plasma
107 ¢ x : L .
- F=10%exp(—//0.6deg) +exp(—l/50deg)\‘\ ﬁlllng In the GC reglon°
ool o1 1 0 o0 =0Or,collection of faint
I (deg, from Sgr A%) unresolved point

Uchiyama+11, +12 sources.




6.4-keV Line Image (Neutral Fe Kx)
Fe| 6.4 keV Map by Suzaku

I ’S'gr B2
.

M0.74-0.09 Sgr Bl

300 pc of the Central Molecular Zone

100 075 050 025 000  -0.25  -0.50  -0.75
® 6.4-keV line generally traces the distribution of the molecular clouds.

® 6.4-keV fluorescence line is emitted from MC.

What is the ionizing particles ! Electrons or X-rays ?



6.7ke\’(Continuum subtracted)

1001y

*
2.45keV (Continuum not subtracted)

)

sgr A*

1001y

2. 451ceV((Contintitim not stibtracted)

1001y
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I. Discovery of SNR candidates (‘-/':
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Uchiyama et al. (2011) PAS] 63,5903
Uchiyama FY2009 Doctor Thesis, Kyoto Univ.
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3. Fe-K Lines (6.7, 6.9 keV) Distributions

1 6.7 keV |

Image

Truly Diffuse or
Point Sources ?

‘ '

Divided into small
-, areas and made
spectra, fit the
individual spectrum
with a power-law

+ Gaussians.

Fluxes (F)
F,, :6.7 keV line

ito Foo :6.95 keV line

1° 0O a° 0 1°0N



Surface brightness

I lllllll] 1 lllllll' 1 llllllll I LI II

@ : y——t 1 i

é L T | B:East '

5 l > . R:West

— = - ! =

3 : f&’i i 1 ® The border between
5 ; i 1 GC and GR is located
~ |

Z i ~¥ 1 at/ = 1~2deg.

2. 0.1 E Ridge: Yamauchi VTSR E

p - GC: Nobukawa+ *’~ .

— 2 N

e = -

lllllll | 1

1 | lllllll 1 llllllll | 1
1 1 lllllll 1 I

I 1 lllllll 1 1 lllllll

1

® The temperature of GC

would be higher than
GR.

=
o)
l

I

=
N

S
1
l |

I
|

L

&
®
|

O 1 1 lllllll 1 1 lllllll - | 11 llllll 1 1

0.01 0.1 1 10 Nobukawa, Hyodo+,
distance from SgrA* (degree) Yamauchi+09

16.9 keV]/[6.7 ke V]




6 7keV Line Profile vs Stellar Mass Dlstnbutlon

-2

Observed photons cm™ s arcmin

” IO (atb OO)

-2

Observed photons cm™ s’! arcmin

0.1

001
Distance from $
Nuclear Nuclear
stellar stellar
cluster disk
Nuclear bulge

6.7keV Lines

Excess
GC

at

Galactic
bulge

10
ar A along the longitude I/./ (degreq)

Galactic
disk

line in GC is
different from GR

10_

Origin of 6.7keV

12

@t -0||4)

Distance from Sgr A along the latitude 16l (degree)

A new population of
point sources with a

strong 6.7keV line.
or

Truly diffuse
plasma

Uchiyama+1 |




The 6.7 keV line flux vs

Integrated point source flux

(Chandra deep exposure)
Near GC (<0.3 deg)

Nobukawa, Hyodo+

I-distribution
Sgr A* Sgr A*

lO 5 | . | ' | . 3 t . | | : |
; 10 x 6.7 keV line (EW=0.5 keV)
g 7—‘_’—;7—" B —/‘b—// \—\-*}-(
jF: . _;::-p_\\ /—;’v— —\-P—\
| e, e N
: = 4-\ C5 // et \\ !
-E: | | g e —-i-—_\-p‘\
Z e 4 + —‘P*\_d__
S i3 = ] #
o Distribution of Point source flux (4.8-8 keV)+++ o
~ 0.1 - The 6.7keV has more extended l : 1 1 '

0-2 distribution than point sources gy 0 0-2
CF B P i Galactic latitude (degree)




Plasma Parameters in the Sgr A (assuming Zre=1.2) |4

Size ~ 50pc x 30pc Tsuru+ (Suzaku2007)

Lo-10 ~ 2% 10%%ergs/s

Nave ~ 0.1cm3
npeak —~ O.4cm-3

Egas ~ 3% 052ergs

Escape Time scale (latutude) Tesc = Size/Cs = 2% 10%r
Heating Rate = Egus/Tesc ~ 5% 10%%ergs/s ~ 10-3 SN yr -!

Much higher than the current activity of Sgr A" and
~10~> SN yr-! expected from the stellar mass in this
region.

Plasma is in the ionization equilibrium or not !



El or NE

Tsuru+ (Suzaku2007)

® Suzaku spectrum

NTion > 2% 102 sec cm™3

® >> NTc ~ | X0 sec cm3

® small escape (age > 6e+5yr)

1 ¢ 1
: M
""w l\/\

0.1 F \%M\
- :' I 3%

0.01 ¢

‘ l ~
Koyama, Hyodo
et al. (2007) -

Normalizatino Ratio 6.9/6.7keV

0.02

6.65

6.6

6.55

6.5

0.1 0.2

0.05

0.01

6.7keV Center Energy ~ kT=6.5keV I 5
crrr ! LR | ! LR | ! AL | ! vt

r—ﬁu—_u—J

6680 +3,-6eV

6.7-keV Line
Center

kTe=6.5keV

VNEI

Normallzatmo Ratlo 6 9/6 7keV kT 6. 5keV

:0.3310.02

Line ratio
6.9/6.7-I<eV_§

kTe=6.5keV

01 102 103 |0

nt (sec cm)

1010



Confinement by Magnetic Field ? !
Tsuru+ (Suzaku2007)

(eg.Yamauchi+90, Koyama+96, Muno+04)

® Pressure
® B=0.ImG~ImG
® Pp/k =106-10% K/cm3 ~ Pgs/k =2% 107 K/cm?

® The strength of the magnetic field can confine 6.7keV plasma.
® Slow diffusion = Makes the required heating rate lower.

® But, the orientation of the mag. is vertical against the disk.
— Easy to escape.

2007. 12t EC AR EZEZZEZTW..
-l A, REHZSAICHRR




Magnetic Field in the GC

Ks polarization map 3° x2° (P/OP = 2

' | / /=7 -

e e S —— e
e i eI\ i Nt NN/ L
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| |
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Nishiyama+|3,Ap]L, 769, 28
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i / _ .
/ \ _ A
459:00/00.0 | / 358:30;

'1:60:00.0

l| 30:00.0

Fig. 5.— Polarimetry results covering 370 x 270
in the Galactic coordinate, together with an inten-
sity map of 6.7 keV line emission (Nobukawa et al.
2012). The cyan vectors show the inferred mag-
netic field direction, and the lengths are propor-
tional to polarization percentage. The vectors are
averaged in a circle of 2/4 radius with a 3/0 grid,
and plotted with thick bars (detected with more
than 30) and thin bars (detected with 2 — 30).
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Fig. 6.— Histograms of the magnetic field direc-
tion at | b |< 0°4 (red), | b |> 0°4 (blue), and both
(black). The red histogram has a clear peak at
the direction almost parallel to the Galactic plane

(90°), while the blue one has a peak at ~ 150°,
almost perpendicular to the plane.
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GC South Plasma : |10 G R D;HE
~BEE T OANDRE~

Nakashima et al. 201 3,Ap], 773, 20

To be a part of Nakashima FY2013 Doctor Thesis, Kyoto Univ.
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Bipo’ar X-ray emiSSion ' Chandra (1-3 keV),
fl"Om the GC . Suzaku (I-3 keV)
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Counts s~ ! keV-!

10° &

1()‘1

Recombining Plasma

—— Recombining plasma model
—— Missing Fe L-shell complex
—— Background

/\ /\ GC south BGD 4+
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Recombining Plasma

lonizing plasma v.s. Recombining plasma

kTA
NE|  CIE

k Tinit

Recombining

kTe

lonizing

RE = FEERH
SNROD MEE /7/<\( ~|OI35C"‘3

kTinit = 0 Time Scale (nt)
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Recombining Plasma

lonizing plasma v.s. Recombining plasma

I(T A

| .63 keV NEI . CIE
N 5

kK Tinit kTz

GC South

Te | 046 keV

53x 10''s ecm?3 - ~103 s cm™

Time Scale (nt)

TRP = |.I1x| OSYI" << Tcool ~ | -2x | 09)’I"




How to make Recombining Plasma

lonizing plasma v.s. Recombining plasma

kT ,

kTe

N4

.63 keV NEI . CIE

<17 GC South

0.46 keV

53x 10! s cm™3

>

Time Scale (nt) ~10"3 s cm?3

TRP = |.I1x| OSYI" << Tcool ~ | -2x | 09)’I"
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How to make Recombining Plasma

lonizing plasma v.s. Recombining plasma

KT A
63keV  NE . CIE

K Tinit “\/\J(TZ GC South

RS
-~
S
-

53x 10! s cm™3

>

Time Scale (nt) ~10"3 s cm?3

TRP = |.I1x| OSYI" << Tcool ~ | -2x | 09)’I"
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How to make Recombining Plasma

o EFREZ TIT5.
o IR RICK D BHUCKTeNN TH o/, FDRD > DEFES
o FJHAYRAE kTinit = kTz = kTe = 1.63keV
® TacVU-Y) kTe=1.63—0.46keV
= AENSICIEER (1 X1.8E) ZEEIE lem3 — 0.16cm3
® (97 /1.8)kpc = 97kpc NER TR IRICHETRIFE ~ 8x10%r
o 1 AVLEREZ EITS.

® O(LEXIR) « /5 = XK H CEITRZ E IR ICERH

o JJEAYRRE kTinit = kTz = kTe = 0.46keV
o Sgr A¥M 5 M XHR. Lx ~ 7.6x10%3ergs/s
e GC Plasma ICl&, J.ERE RP)DREINGVL, = E—=V 7
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o ETSANDIED

Plasma Origin

e Starburst Activity [ £

-3 §RA

® v=510km/s (Cs @ kTe=1.6keV) = GCH 54x|0%yr

® |05-107yrBl [CStarburst Activity (Matsunaga+| |,Yusef-Zadeh+09)

® Sgr A5 D (A 5 H D)3

CRILF—FEATHRIEWHADE
® 600~50yrg]DJEE

it
] = Lx~1x103%rgs/s
o If ZHHY ~10%rifE\L N c EIRE = Lx~10%'ergs ~ E(GC south)

)
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GC South North
~END B 5IICH ? ~

Proposing as a key-project of Suzaku AO9

To be a part of Nakashima FY2013 Doctor Thesis, Kyoto Univ.
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Galactic Latitude (degree)

How about GC North ?

( ) Suzaku 1-3 keV (b) Chandra 1 -4 keV (c) ASCA 1-3 keV

| GcNouth

GC South

0.5 0.0 3505 05 00 3595 05 0.0 359.5
Galactic Longitude (degree)
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Tip of DHN
ASCA 1-3keV ASCA 3-6keV (Contour)

Radio lobe . Color = Spitzer 22 um, Contour = ASCA 3-6 keV

151

1.0F
0.8

05r

Galactic Latitude (degree)

.“
L]

. Interaction? -
& i .

00F

Galactic Latitude (degree)

Galactic Longitude (degree)

® Sgr A*(D EE) 0.6 v

e rTvhorUN70O—2

« 8 > . .
’ : ]
. J
- ’ * o
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. ~ o L &
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o NSCHhS DRI Y T —1? B 0.1 0.0 359.9
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Fe-K line (6.4keV ?) from MC interacting Radio Lobe

ASCA 1-3keV i 6-7 keV (ASCA)

~
I, ~o

\~~
~

Radio lobe !
] / ,‘:

151

1.0F

05r

Galactic Latitude (degree)

00F

Galactic Longitude (degree)

® New XRN ?
® {E3R |b|<0.1E(15pc)

o {18 T D 5iE#E (b=0.1-0.5°)

® Cosmic Rays (Electron or
Proton) from Radio Lobe ?
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Thank you.



