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Observation of the GC region with Suzaku

‘., 3 - R:0.5-2.0keV
,:*j i G:2.0-5.0keV

B 5080keV

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
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(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.




X-ray Reflection Nebula
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¢ S | ® Equivalent Width : [-2keV
T | @ K-edge : NH = 2—-10 x 10% cm™2
= F . ® Time Variable :
RN r Size ~10lys, T~ 10 yrs
I . .
= lonizing particle is X-ray
 ———————— 8 “‘X-ray Reflection Nebula (XRN)”
i Sor B ;
£ ;—(a) = 1 ® Need a source
E Lt _.—+~ _f with Lx ~ 103%ergs/s
I B P % \\ 1 ® No such bright source.
S s \EN; 1 @ Sgr A* is only one possible source.
£ | Inuit09, Nobukawa+11 *“ —
B T T a—vrawe Echo of the past activity of Sgr A*



XRN Collecting the data of XRNe
is > allows us to obtain past activity AN
echo. of Sgr A* reaching ~1000yr. 7/\(
Sgr A*

Very Unique Study

Only Sgr A* allows us to access such
a long-term activity of a SMBH.

® Lx(Sgr A*) o Lx(XRN) x Mass(XRN) x dA2

The line of sight
® Distance “d” between XRN and Sgr A* position of XRN is

— | ook back time. necessary.



“X-ray Tomography”

® The GC thermal plasma
distributes smoothly.

® An XRN (e.g. Molecular Cloud:

MCQC) is located in the GC thermal
plasma.

® [f an XRN (MC) is located in the
near side of the thermal plasma,

then soft X-rays from the plasma
is absorbed by the XRN due to
photo-absorption.

® |n the case that the XRN (MCQC) is
located in the far side of the
thermal plasma, soft X-rays from
the plasma is un-absorbed.
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Quantitative studies allow us to obtain

the line of sight potions of the XRNe.
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Spectral Modeling

X-ray spectrum as a function of the
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line of sight position of XRN.
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Edge-on view
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Light curve of Sgr A% in the past =

] N B L LI I a N B R B
1040 :_ Ryut0.9, +13 With 90% errors _E
N time variability 3
I—X : E | MO.74 #Cl :
(erg/s) —— e——— T
39— | P —— c3 —
1077 2 . Bl
i ~ 4
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— Past Current
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* Sgr A* had been in active phase 50 - 600 years ago.
* Sgr A* made nearly one order of magnitude variation in a
short time (<10 years) at a couple of times.

How about before 600 yrs ago ?




GC South Plasma : |10 G R D;HE

~BEE T 2ANYD

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

Nakashima FY2013 Doctor Thesis, Kyoto Univ.
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Bipolar X-ray emission from the GC

jo M = 710Mg
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BV GC north | E=1.6x10"ergs
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Recombining Plasma
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1AVEERE > BFRE : 200 FUA
CEREN SETREETT S

o |0°-107yrBIICIZERMELEEIH D (Matsunaga+| |, Yusef-Zadeh+09)
o HEITEEHK = RAIPLOEBTERSTAN
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6.7keV Line Profile vs Stellar and Point Sources Distribution
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6.7keV Lines Excess at GC
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Nobukawa, Hyodo+

The 6.7keV has more
extended distribution
than point sources.

Truly diffuse plasma




T2 ANNGTRT =T LTWSHV

® E..~ 3%x10°?%ergs
® Tesc = 2X10%r
o TRAT—TIX)LF— & o
~ 10 SN yr -/ R: 6.7keV, G:2. 45|<eV B: 6.4keV
o TN\ = EHE/ZEF, SgrA* DJEEN ~10° SN yr! Tsuru+
= ERTRIFHET & MEHIE LD AR (Suzaku2007)
= TRXT—7LTWLWZEW,
= 3% CE DA ?
® B=0.ImG~ImG
= Pe/k =106-108% K/cm3 ~ Pg/k =2x 107 K/cm?
= AJEedp D
EHhEBICa > e ARICT S AV EBETE DT ?
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Magnetic Field in the GC

Ks polarization map 3° x2° (P/OP = 2
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%, 0] [H] D A4 FRIERR (6.4keV) D FT)R

H.Uchiyama (Shizuoka), K.K.Nobukawa

T.Tsuru et al. (2014) arXiv:1408.0205v |
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“ 6.4-keV line emission from Ridge

N
) \‘

EW map of the 6.4-keV line near GC
Sap U S E VeRmREV s e ar

No region with such high EWV has been discovered except the GC.

L

357({000

L : 2 Ridge

Suzaku found that 6.4-keV line emission extends toward

with nearly equal EW uniformly exist.

Key Question.
What is the origin of this 6.4-keV line

emission in the Galactic ridge ?
.

the Galactic ridge.
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T Suzaku -1.0
6-7 keV| band imag|e '
East side of GC in | ~ 2° to 4° West side of GC in | ~ -2° to —4°
* Oct. 2012—Mar. 2014 « Oct. 2006—Feb. 2009

+ 100 ksec x 10 pointngs * 50 ksec x 12 pointngs
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6.4-keV 6.7-keV lines vs | N&
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6.7-keV : Symmetry Rad 6.4-keV : Asymmetry

Origins of 6.4-keV and 6.7-keV are different.
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“ 6.4-keV line flux & I3COvsI © &
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6.4-keV line 6.4-keV line : Diffuse Origin

follows CO. Fluorescence from Cool Matter.




Counts s~! keV-! arcmin—2

“ Excess Spectrum (the 6.4-keV component) G | <

o FEFefEIRDAD =
(P IEFeH R LY) — FH(

EFeh gg L))

X

. East-West : Model: Power-law + Gaussian (6.4 keV)
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lonizing particles

52 or keVE T or MeV[GF ?

® qufthW =
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\ ) Figure 1| VHE ~-ray images of the Galactic Centre region. a, y-ray count
VAERY \I map; b, the same map after subtraction of the two dominant point sources
showing an extended band of gamma-ray emission. Axes are Galactic
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