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Chandra Galactic plane observation
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ASCA Galactic survey
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Galactic survey with non-imaging

Instruments

s HEAO1 detection of the Galactic “Ridge”
emission (Worrall et al. 1982)

m Total luminosity —1.4x1038erg st
m Energy spectrum “softer” than Cosmic X-ray
BGD
u EXOSAT Galactic plane scan (Warwick et al. 1985)
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Tenma observation
(Koyama et al. 1986)
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u Hard X-ray plasma emission from the
Milky way Galaxy (established In
1980’s)

m [ruly diffuse plasma?
m Superposition of numerous point sources?
m A big question for a long time...

» Hard X-ray imaging observation Is
essential

m Separate hard X-ray point sources from
diffuse emission

m Penetrate the heavy Galactic absorption



ASCA: First imaging satellite above — 2 keV
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Galactic ridge emission

(Sugizaki et al. 2001)
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Sensitivity ~3x1023 erg s'lcm=2 (2-10 keV)
Spatial distribution of the Spatial resolution ~1 arcmin
Not able to resolve Galactic plane emission



Chandra

observation

o AO1 100 ksec
+ AO2 100 ksec

Deepest X-ray
observation on
a “plank” field
on the Galactic
plane
Sensitivity: —3 x
1015 erg s'icm
(—100 ksec; 2-
10 keV)

Many point

sources and
diffuse emission
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183 soft sources
(0.5 -3 keV)

Red: 0.5-3 keV
Blue 3-8 keV
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79 hard sources
(3- 8 keV)

Red: 0.5-3 keV
Blue 3-8 keV

+—
=

Small overlap of soft and
hard sources

= They are difference species
= Hard sources = mostly AGN

m Soft sources = mostly
nearby stars




100 % point sources (Galactic plane)
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/ R
T

ASCA extragalactic

ASCA Galactic




)

I
o
O

=

L

—

w

M

—
=

» Chandra Galactic Center (sgr B2)

g Chanmxtragalactic
AN )

P ey

Senda (2002)

b
" |

[_‘

Ol



Diffuse Galactic ridge emission
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Chandra extragalactic
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Near-IR follow-up observation

ESO/NTT SOFI

near-IR

observation

m 2002/07/29,30

s J, H, K,
photometry

= Only central part
(—75 %) of the
Chandra field
covered

K-band image



NIR identification of the X-ray sources

HR:(H_S)/(H_I_S) Soft Medium Hard Total
H=3-8 keV hardness ratio < —060 —-0.59t00.1 =>0.11
5=0.5-3 keV - -
Al 137 68 69 274
Extended 1 3 0 4
Point Source 136 65 69 270
Time variation® 4 10 3 17

(3 %) (15 %) (4 %) (6%)

2MASS counterpart® 91 30 9 130
(70 %) (46 %) (13 %) (48 %)

Covered by SOFI* 106 48 49 203
(78 %) (74%) (11 %) (75 %)
SOFI counterpart® 99 40 16 155

(93 %) (83 %) (33 %) (76 %)

NIR counterpart® 119 49 19 187
(88 %) (75 %) (28 %) (69 %)

93 %0 of the soft sources identified
Only 1/3 of the hard sources identified



Red: SOFI identified |
Green: 2MASS identified
Blue: variable sources -

Two populations
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SOft sources tend to have near |




Hardness Ratio
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There are bright hard sources without NIR ID - AGN
Only a few dim soft sources are not identified in NIR - dim stars




normalized counts/sec/keV

nermalized counts/sec/KeV

Average source spectra

Soft sources with NIR counterparts

1078 to~4
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Two low temperature

-> X-ray active star

thin plasma model ‘IH{HWEHHWM@HW
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Hard sources with NIR counterparts
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Classification of point X-ray sources

Soft *~ Hard
MH increase
flatter spectra
Bright stars kT increase Hot stars Cataclysmic variables
UL Tyt ' (weak iron line) =™ (weak iron line) (strong iron line)

---------------------------------------------------------------------------------------------

' =imilar
No NIR counterparts i| Dim stars distance AGNs
: (broad iron feamre)

extragalactic

24
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Discovery of discrete and
extended sources

a1 ASCA and Chandra discovered
numerous discrete and extended
sources on the Galactic plane

26



Non-thermal X-rays from the SNR Shell

Galactic Plane Survey 0.7-7TkeV

a0 RXJ1713.7-3946

a No emission lines

| = Photon index=2.4-2.5
Koyama et al. (1997) 2 Northwest shell of G347.3-0.5
|

do + a TeV gamma-ray source
* giﬁﬁ% #ﬁ%ﬁ%ﬁ%{#ﬁ

1

i

ﬁ Wﬂﬁ (Enomoto et al. 2002)

+
: I 1 Particle acceleration site
EEEEEE [keV] 27
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G0.0-1.3 (AXJ1751-29.6) G0.56-0.01 (AXJ1747.0-28238)
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Diffuse feature at the Scutum
region (l,b)=(28.5,-0.1)

Bright in hard X-rays

Associated with radio
filaments

AXJ 1843.8-0352
Power-law source
(Bamba et al. 2001)

(Kaneda et al. 1997) Ebisawa et al. (2001, 2002) 39
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Energy spectra of the Galactic Ridge X-ray emission

N _Em_ission _Iines from highly . Non-thermal (power-law)
lonized Si, S, and Fe component above ~10 keV/
= Explained with thermal

plasma model

Hot component
KT ~several keY —
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Problem of the Galactic Ridge X-ray
emission (GRXE)

4 Purely thermal model impossible (warwick et al.
1985; Koyama et al. 1986)

m p/k=2nT—10° K cm=3~10 eV cm
s Too high pressure/energy density!
m [hermal velocity exceeds the escape velocity

m Not able to confine in the Galactic disk
a0 Thermal + Non-thermal model?

» What Is the origin ofi thermal/non-thermal
energy source?

35



Models for GRXE

a Non-thermal bremsstrahlung for hard X-ray
taill (Yamasaki et al. 1997)

s Interaction of low energy cosmic-ray
electrons and ISM (Valinia et al. 2000)

» Magnetic reconnection of interstellar
magnetic fields (Tanuma et al. 1999, 2001)

s Charge exchange of cosmic-ray heavy
nuclel (Tanaka 2002)

s In-situ acceleration of electrons (Dogiel et
al. 2002; Masai et al. 2002)

36



Precise iron K-line spectroscopy is crucial

Diffuse iron line from
Chandra ACIS-1 Scutum field

lron line central

energy 6.56 £ 0.01 keV
Significantly less than
6.67 keV (He-like iron)

- ﬁ#ﬁ ﬁ*ﬂ%ﬂ%ﬁ m e

nnnnnnnnnnnnn (ke

gsate 23-How—2001 01:50

« Contamination of 6.4 keV fluorescence line?

o Nlon-ionization equilibrium?

«Presence of 6.97 keV hydrogenic line? (claimed by
Tanaka 2002) 5



Origin of the Galactic
ridge emission
u Cosmic-ray Fe ion,
charge exchange
model (Tanaka 2002)

m 6.97 keV hydrogenic
line expected

m Observed from GC and
ridge by ASCA

s [echnically difficult
analysis
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Origin of the diffuse hard X-ray emission
s MHD simulation (Tanuma et al. 1999; 2001)

y A magnetic reconnection
81.7H| | uniform B

supernova

7H

_________________

sheet
anti parallel B
-54.8H N
120.9H i‘ 12090
- . 0 ll N
N NEERNE AR
g=0 3JHT T -
=0.2 R . S
B_ _3H L e e !
-25H 25H

Supernova triggers magnetic

reconnection
(similar to solar flare)

Time = 300, Radiative Flux
in BT = [).5

Hot, non-ionization equilibrium
plasma (6.60 keV line expected)



line diagnostics of GRXE

s Iron line spectroscopy Is crucial to study origin
of GRXE
m Line center energy? Presence of 6.97 keV line?

m Line width
a Narrow?
s Broad due to cosmic ray motion?

a ASTRO-E2 simulation

m XRS — X-ray micro-calorimeter (AE~ 8 eV)
m XIS — CCD camera (AE — 120 eV)

u Diffuse flux Is proportional to the detector FOV
s Small FOV of XRS (2.8x2.8 arcmin?)
m Large FOV of XIS (18 x18 x4 arcmin?)

m XRS is —~200 times less sensitive to diffuse iron line
emission than XIS!

41



Models to fit the Chandra spectrum

White in next page Green in next page

Narrow 6.55 keV line Broad 6.55 keV line 6.4 keV + thermal
spectrum (6.7 + 7.0
keV)

42



ARS + XIS 100 ksec 100 kSEC
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X-ray calorimeter unambiguously resolves the iron emission line!
But 1 Msec observation with ASTRO-E2 XRS not feasible...
Task for future calorimeter mission (NEXT, Constellation—X?)43




Origin of the diffuse emission

—u Galactic diffuse emission (Galactic center,

bulge and ridge)

s Thermal and non-thermal components

m Very high energy density (~10 eV/cm?) ,
compare to cosmic rays, interstellar
magnetic fields (—1 eV/cm?)

—u Discrete diffuse sources (SNR like)
m Sources with thermal spectra

m Sources with non-thermal spectra

m Co-existence of thermal and non-thermal
components

How are they related?
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