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Galactic diffuse X-ray emission
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* Diffuse X-ray emission on Galactic plane; not resolved into point sources

discussed for a long time since the early age of X-ray astronomy -
(e.g. Cooke et al. 1969; Hudson et al. 1971; Worral et al. 1982) 10 %

* Fe Kline indicates X-rays from hot plasma (e.g. Yamauchi+90)
e Candidates of the origin

X-ray Intensity (counts s-! keV-1)

" | He-like
e Superposition of faint point sources such as Fe line
magnetic cataclysmic variables (mCVs), w1} high-k
non-mCVs (dwarf novae), and active binaries olasma
(e.g. Worral et al. 1982) L
* Truly diffuse hot plasma (KT ~ several keV) | '
(e.g. Koyama et al. 1989) e b

(e.g. Yamauchi et al. 1990)
This study focuses on the Galactic center X-ray emission (GCXE) 2/14



Diffuse X-ray emission in the Galactic center

Deep observahons by Chandra (~1 Msec) XMM soft thermal image (Ponti et al. 2015)
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e 10% (Muno+04) —40 % (Revnivtsev+06) of the GCXE is resolved to point sources.

e High fraction of unresolved component implies the existence of truly diffuse plasma?

e Diffuse plasma outflows with kT~1 keV were discovered (Nakashima et al. 2011, 2013,
Ponti et al. 2015, etc.), but their contribution to the Fe line band is unknown.

Even Chandra deep observations have not been able
to resolve all the GCXE into point sources.

To be solved: quantity and state of truly diffuse hot plasma in our galaxy
via quantitative investigation 3/14
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XRISM = X-Ray Imaging Spectroscopy Mission
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Comparison with other X-ray satellites

v The highest energy resolution ever achieved
AE@6 keV 150eV — bHeV
v accuracy 1000 km/s — 50 km/s

v Narrow FoV 3’x3’ (compensated by Xtend)

spacial resolution (HPD) ~1°

Spectroscopy
JA70AH01) X—42 (Resolve) NYPR
X#RCCDA A= (Xtend) ﬁtﬁgh@6kev

XRISM (XARM) mission:
- Japan - US - ESA collaboration FoV
- Launched on 7th Sep. 2023 e

- X-ray instruments covering below 10 keV

X FREINHTE
@1keV

- Resolve: excellent energy resolution
(E/AE~1000 @ 6 keV)
Angular

- Xtend: wide field of view (~38’ x 38’) res.
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Two Components in GCXE

Fe Ka (6.4 keV) Cold component PV (2024)
0.2 (molecular gas) O AOT (2025)
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Fe Hea (b6:7 keV): Hot plasma (T >107 K, or kT-> 1 keV)
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Overview of Fe K-shell line spectrum

XRISM/Resolve spectrum
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Resolve resolved the following structures for the first time
e Kai, Kaz and an asymmetric profile of KB of neutral Fe
* Fine structure of He-like Fe line
* Lyas and Lyaz of H-like Fe 7/14




Velocity measurement
by X-ray high-resolution spectroscopy

* Point sources and ISM (molecular gas) are rotating along the Galactic rotation
with the velocity of 100—200 km/s (AE=2—4 eV@Fe Ka line).

e Diffuse plasma might be expanding without being bound by the Gal. gravity.
* Point sources (CVs) have intrinsic velocity structures in Fe lines.

Top view of the Galactic center
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Fe K-shell line spectrum

Intensity ratio of Hea (6.7 keV) and Lya (7.0 keV) indicates the plasma
temperature of kT ~ 7 keV, which is consistent with previous results

(Koyama+07, Uchiyama+13).

0.1 | e HeOI w Felya 4 ° Fe Hea and Lya lines are apparently
2 i ! broadened by ~400-500 km/s, and
I b M1 are red-shifted by ~200 km/s

oo1 BRETH L izt M

: 1 ¢ Asingle plasma model does NOT
5 '_ | * | | * — fully explain the line structures.

o B 1t ol -
Tﬁf W‘ kit "l|'ﬂer'+'+T+ T"”rTpﬁwﬁjrer”H“ i 71« Need an additional plasma

5[ , I, , | . component with narrow lines.

]
6.6 6.8 7
Energy (keV)

Nobukawa, M. + in prep

9/14



Fe K-shell line spectrum

Two CIE plasma model with different broadening o and velocity v:

- kT ~5—10 keV for each ,
(1) Broadened, redshifted plasma

o ~ 600 km/s
v ~ 300 km/s
0.1 Fe Lya -
wjﬁ,. ty g
POl EA TR AR ]\/\Jr (2) Narrow, non-shifted plasma
X ] o < 50 km/s
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Fe K-shell line spectrum

Two CIE plasma model with different broadening o and velocity v:

- kT ~5—10 keV for each ,
(1) Broadened, redshifted plasma

o ~ 600 km/s
v ~ 300 km/s
= Hecf o | ] higher than Gal. rot. (~100 km/s)
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Fe K-shell line spectrum

Two CIE plasma model with different broadening o and velocity v:

- kT ~5—10 keV for each ,
(1) Broadened, redshifted plasma

o ~ 600 km/s

v ~ 300 km/s
. higher than Gal. rot. (~100 km/s)
Fe Lya - -> due to intrinsic motion / gravity
1 v Superposition of mCV and non-mCV

i o
3 {{.*.-]L..JF ........... 1 (2) Narrow, non-shifted plasma
: o < 50 km/s

il | ; v~ 0km/s
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6.6 6.5 | 7~ ¥ might be in recombining state
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Nobukawa, M. + i s
PPHaNE, AL i preR by past activity of Sgr A*
GCXE is resolved to different velocity components for the first time. -, /14
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Counts/s/keV

Fe K-shell line structure of GCXE and CVs

l |
CV samples (XRISM)
(e.g., Ishida et al. 2026)
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CVs have different Fe line structures.
Need to combine multiple CV spectra
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Conclusion

e (Galactic diffuse X-ray emission has been investigated from 1960’s.

e (Galactic center; quantitative investigation of contribution of point sources
and truly diffuse plasma.

e XRISM high resolution spectrum reveals the complex velocity structure in
the Fe lines for the first time.

e Broad (0~600 km/s) and red-shifted (v~300 km/s) plasma
-> mainly due to combination of CVs
Further study requires many CV samples.
e Narrow (0<50 km/s) and non-shifted (v~0 km/s) plasma
-> can be of truly diffuse plasma
generated by past star formation, and affected by past Sgr A*

Other XRISM results will be presented Friday in this conference:

14:00-14:20 Hiromasa Suzuki,
(1743)

15:50-16:02 Anje Yoshimoto, Decomposition of the Galactic Center X-ray Emission by High-Resolution
spectroscopy with XRISM (10+2) 14/14




Velocity measurement
by X-ray high-resolution spectroscopy

* Point sources and ISM (molecular gas) are rotating along the Galactic rotation
with the velocity of 100—200 km/s (AE=2—4 eV@Fe Ka line).

e Diffuse plasma might be expanding without being bound by the Gal. gravity.
* Point sources (CVs) have intrinsic velocity structures in Fe lines.

Top view of the Galactic center
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