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Galactic diffuse X-ray emission

6 CHAPTER 1. INTRODUCTION

Figure 1.3: Left: X-ray spectra of the GCDX at (l, b) = (1.2◦, 0.5◦) and (358.0◦, −0.6◦)
near the Galactic center taken by the Ginga satellite (Yamauchi et al. 1990). A pro-
nounced Fe line at 6.7 keV in the spectra is modeled with a Gaussian. Right: Galactic
longitude distribution of the Fe line intensity (Yamauchi et al. 1990). Each panel shows
the distribution at a different latitude b =1.7◦, 0.5◦, −0.6◦, −1.1◦, and −2.1◦. The arrows
indicates the intensity peak of each profile.

X-ray emission is called as the GCDX. The existence of the highly ionized Fe suggested
that the diffuse X-ray emission possibly comes from the optically thin thermal plasma
with the temperature of kT ∼ 10 keV.

Detailed image and spectrum in the hard X-ray band up to 10 keV were obtained by
the X-ray telescopes aboard the ASCA satellite (Koyama et al. 1996). Superior energy
resolution of the X-ray CCD cameras (SIS) demonstrated that the Fe emission line is due
to complex of three different ionization states, and consists of emission lines at 6.4, 6.7,
and 7.0 keV (figure 1.4). The 6.7 and 7.0 keV lines are from highly-ionized ions of He-like
(Fe XXV Kα) and H-like (Fe XXVI Kα) Fe, respectively. On the other hand, the energy
6.4 keV of the other line indicated that Fe is a neutral or lowly-ionized state. Thus, the
GCDX consists of at least two components. One associates with 6.7 and 7.0 keV Fe lines
and the other is a neutral component with the 6.4 keV Fe line.

(e.g. Yamauchi et al. 1990)

He-like 
Fe line
high-kT

plasma

• 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)


• Fe K line indicates X-rays from hot plasma (e.g. Yamauchi+90)

• Candidates of the origin

• Superposition of faint point sources such as 

magnetic cataclysmic variables (mCVs),  
non-mCVs (dwarf novae), and active binaries  
(e.g. Worral et al. 1982)


• Truly diffuse hot plasma (kT ~ several keV)  
(e.g. Koyama et al. 1989)
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Diffuse X-ray emission in the Galactic center
Deep observations by Chandra (~1 Msec)

Even Chandra deep observations have not been able 

to resolve all the GCXE into point sources. from the point-source list. The flux from detected point sources

close to the Galactic center is higher because (1) the angular
resolution is better within 50 of the aim point (Sgr A*), so it
is possible to detect fainter sources, and (2) the surface density
of point sources increases as !!1 toward Sgr A*.

Next, we compared the spectrum of the point sources from
the entire field with that of the diffuse emission. We found in
Muno et al. (2004) that the average spectrum of the point
sources changed only slightly when considering sources with
intensities that varied by a factor of "20, so we chose to
compare the spectrum of point sources having fewer than
80 net counts with that of the diffuse emission. We used the
spectrum of the diffuse emission from the entire field to esti-
mate the background for the point sources. The average spec-
trum of the point sources and the spectrum of the diffuse
emission from the southeast are displayed in Figure 7, while the
ratios of count spectra from the dark regions of diffuse emission
to that from the point sources are displayed in Figure 8. As
noted by Wang et al. (2002), the shapes and relative intensities
of the He-like and H-like iron lines appear qualitatively similar
in the point sources and diffuse emission. Under the two-kT
plasma model for the point sources, we find that the soft
0.8 keV component is heavily absorbed, so it contributes only
3% of the total observed 2–8 keV flux. The hot 8 keV plasma
component produces the remainder of the observed flux. There-
fore, the near-absence of a soft component is the main reason
that the point-source spectra appear much harder.

To determine an upper limit on the amount of flux that un-
detected point sources can contribute to the diffuse emission,
we have added a spectral component representing the point
sources with fewer than 80 net counts to our two-kT models
for the diffuse emission. Only a constant normalization for the
fiducial point-source spectrum was allowed to vary, while the
parameters of the spectral components representing the diffuse
emission were allowed to vary as in x 2.2.1. We increased the
value of the constant normalization until "2 exceeded a thresh-
old that corresponded to a 10% chance that the model and
data were consistent. If the initial model was acceptable, the
threshold was "2 ¼ 506 for 456 degrees of freedom. How-
ever, in a couple of cases the initial model including the point-

source spectrum was unacceptable at the 90% confidence level
(see Table 3), so we varied the normalization until "2 increased
by #"2 ¼ (506! 456)"2=456 (this is equivalent to inflating
the assumed uncertainties to force "2

$ to equal 1 for the best-fit
model).

The surface brightness of the diffuse emission that can be
accounted for by undetected point sources is listed by region in
Table 5. Undetected point sources may produce (0:7 1:5) ;
10!13 ergs cm!2 s!1 arcmin!2 in the regions 70 from the Ga-
lactic center, which is 35%–80% of the total observed diffuse
flux. The upper limits on the fluxes from undetected point
sources are 2–5 times larger than the total flux from the ob-
served point sources. We also list in Table 5 the flux from the
soft and hard components that remains when an undetected
point-source contribution is subtracted. The reduction in in-
ferred diffuse flux is most dramatic in the hard band: in the
southeast, southwest, and close dark regions, a hard diffuse
component is not necessary if one includes a contribution
of undetected point sources in the spectrum. Moreover, the
remaining three regions in which undetected point sources
cannot replace the hard component of the diffuse emission
are also the regions in which the initial model for the diffuse
emission (without the point-source component) was formally
unacceptable.

The similarity between the spectra of the point sources and
diffuse emission suggests that all the hard diffuse emission
could be produced by point sources. However, in this case the
larger hard flux in the northeast would require that there be
$40% more stellar X-ray sources per solid angle than in the
dark regions at a similar offset from the Galactic center. We
address this issue further in x 3.4, in which we estimate the
number of undetected sources that would be required to pro-
duce the observed kT $ 8 keV diffuse emission.

Fig. 7.—Background-subtracted spectrum of the diffuse emission from the
southeast, compared with the average spectrum of the detected point sources
in the entire 170 ; 170 field. The spectrum of the diffuse emission has been
normalized to the area from which it was extracted, while the spectrum of the
point sources has been normalized to an area of 172 arcmin2. The detected
point sources contribute no more than 20% of the total flux from the diffuse
emission, even in the darkest regions of the image.

Fig. 8.—Ratios of the background-subtracted count spectra from diffuse
emission to those from faint point sources. Ratios are displayed for the four
dark regions located 70 from Sgr A*. The dashed line indicates the mean ratio
between 5 and 7 keV. The ratio is nearly constant, which indicates that the
spectral shapes are very similar. We note that the close region yields similar
results, while the ratio from the northeast exhibits significant deviations due
to strong low-ionization iron emission.
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Point sources

Unresolved

Muno et al. (2004)

• 10% (Muno+04) —40 % (Revnivtsev+06) of the GCXE is resolved to point sources. 

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

• 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. 

To be solved:  quantity and state of truly diffuse hot plasma in our galaxy 
 via quantitative investigation

XMM–Newton view of the Milky Way centre 193

Figure 16. Map of the normalization of the soft thermal gas component (in units of 10−4 times the APEC normalization). The white lines indicate the extent of
the survey having more than 7.2 ks exposure. The white dashed lines show the position of the two sharp edges in the distribution of the high-latitude plasma.
Some bright point sources (i.e. 1E 1743.1−2843, AX J1745.6−2901, 1E 1740.7−2942, GRS 1741.9−2853) have been removed, thereby producing artificial
holes in the maps at their respective locations.

Table 5. Expected ratio of the obscured flux to the un-
obscured flux for different values of the column density of
obscuring material. A thermally emitting gas with tempera-
ture of kT = 1 keV (PHABS*APEC model) is assumed in the
computations. The predicted observed flux in both the 2–4.5
and 4.5–10 keV bands (F2 − 4.5 and F4.5 − 10) is computed
and compared to the respective unabsorbed (F0) flux.

NH F2 − 4.5/F0 F4.5 − 10/F0
(1022)

0.01 1 1
1 0.776 0.968
3 0.488 0.912
5 0.322 0.857
7 0.223 0.809
10 0.137 0.737
15 0.0698 0.636
30 0.0156 0.414
50 0.0033 0.244
70 0.0008 0.149
100 1.2 × 10−4 0.0754
150 6.2 × 10−5 0.0273

7.1 Column density distribution

The top panel of Fig. 8 shows the neutral hydrogen column density
distribution as derived from dust emission (Molinari et al. 2011).7

The image shows the NH distribution in logarithmic scale in the
range NH = 4.5 × 1022–3.8 × 1025 cm−2. This total column density
estimated from the dust has large uncertainties that can be mainly
ascribed to the uncertainty associated with the dust-to-NH ratio. In
particular, the column densities shown in this map appear to be sys-

7 We do not show the entire CMZ, because of the limited coverage of the
Herschel dust emission map (Molinari et al. 2011).

tematically larger than what is measured with other methods. For
example, the column density of the G0.11−0.11 massive cloud is
estimated to be NH ∼ 5–6 × 1023 cm−2 in this map, while Amo-
Baladrón et al. (2009) measure NH ∼ 2 × 1022 cm−2, through a de-
tailed modelling of the molecular line emission. The core of Sgr B2
is estimated by Molinari et al. (2011) to have NH ∼ 3 × 1025 cm−2,
while modelling of the X-ray emission (Terrier et al. 2010) suggests
NH ∼ 7 × 1023 cm−2, more than an order of magnitude lower. More-
over, the average column densities of G0.40−0.02, G0.52−0.046,
G0.57−0.018 and a fourth region (the magenta ellipse in Fig. 9)
are estimated to be NH ∼ 4 × 1023, 4 × 1023, 1.2 × 1024 and
1.5 × 1024 cm−2, respectively, from the dust map, while they are
measured to be in the range NH ∼ 7–10 × 1022 cm−2, from mod-
elling of the X-ray emission. Therefore, the total normalization of
the NH map built from the dust emission appears to be overesti-
mated. However, the method employed to produce it does not suffer
from self-absorption, so it is presumably giving unbiased relative
NH ratios.

7.2 X-ray emission modulated by absorption

The bottom panel of Fig. 8 shows the X-ray map with the column
density contours overlaid for comparison. We observe that, as ex-
pected, no soft X-ray emission is observed towards the central part
of the most massive molecular cores. In particular, we observe de-
pressed X-ray emission from (i) the Sgr B2 nucleus and its envelope
(with NH > 7 × 1023 cm−2); (ii) the almost perfect coincidence be-
tween the hole in soft X-ray emission east of G0.224−0.032 (see
Figs 5 and 9) and the shape of the so-called Brick molecular cloud,
M0.25+0.01 (see Fig. 5; Clark et al. 2013); (iii) the core of the Sgr
C complex;8 (iv) the regions around DB-58 and at Galactic position

8 At this location a sharp transition in the soft X-ray emission, with an arc-
like shape, is observed. This is spatially coincident to the edge of a very
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Galactic Center Diffuse X-rays (GCXE)

• Diffuse X-ray emission in central ~100 pc region 
• K-shell Emission lines from heavy elements, especially Fe, in 

highly-ionized and neutral states (e.g. Koyama et al. 1996).

6 7

Si Fe

Ar Ca

Neutral Fe  　  Ionized Fe 
 6.4 keV            6.7 keV

S
Ni

Hot plasma

Cold component

GCXE spectrum with Suzaku/XIS (ΔE=130 eV)
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 XRISM = X-Ray Imaging Spectroscopy Mission

XRISM (XARM) mission:  

- Japan - US - ESA collaboration 
- Launched on 7th Sep. 2023 
- X-ray instruments covering below 10 keV 
- Resolve: excellent energy resolution 
　　　　　　(E/ΔE~1000 @ 6 keV)  

- Xtend: wide field of view（~38’ x 38’）

Comparison with other X-ray satellites 
✓The highest energy resolution ever achieved 
      ΔE@6 keV     150 eV　 →  5 eV 
       v accuracy  1000 km/s  → 50 km/s 
✓Narrow FoV 3’x3’ (compensated by Xtend) 
      spacial resolution (HPD) ~1’

Spectroscopy

FoV

Angular  
res.

Effective area

Effective area
5/14



Two Components in GCXE
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Resolve resolved the following structures for the first time 
• Kα1, Kα2 and an asymmetric profile of Kβ of neutral Fe

• Fine structure of He-like Fe line

• Lyα1 and Lyα2 of H-like Fe 

Overview of Fe K-shell line spectrum
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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 (ΔE=2—4 eV@Fe Kα line).

• 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

v ~ 100-200 km/s

SS Cyg (Ishida et al. 2026)

AM Her (Terada et al. 2026)~100 pc 8/14



Fe K-shell line spectrum
Intensity ratio of Heα (6.7 keV) and Lyα (7.0 keV) indicates the plasma 
temperature of kT ~ 7 keV, which is consistent with previous results 
(Koyama+07, Uchiyama+13).

z
wFe Heα

Fe Lyα 

0.01

0.1

GC2a + GC2b + GC3

6.6 6.8 7

−5

0

5

Energy (keV)

• Fe Heα and Lyα lines are apparently 
broadened by ~400-500 km/s, and 
are red-shifted by ~200 km/s


• A single plasma model does NOT 
fully explain the line structures.


• Need an additional plasma 
component with narrow lines.

Nobukawa, M. + in prep
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(1) Broadened, redshifted plasma 
 km/s 
 km/s 

(2) Narrow, non-shifted plasma 
 km/s 
 km/s 

𝜎 ∼ 600
𝑣 ∼ 300

𝜎 < 50
𝑣 ∼  0

Fe K-shell line spectrum
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Two CIE plasma model with different broadening σ and velocity v:

- kT ~ 5—10 keV for each

(1)
(2)

Nobukawa, M. + in prep
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(1) Broadened, redshifted plasma 
 km/s 
 km/s 

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

𝜎 ∼ 600
𝑣 ∼ 300

Fe K-shell line spectrum
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Two CIE plasma model with different broadening σ and velocity v:

- kT ~ 5—10 keV for each

(1)
(2) mCV

Only red-shifted accretion 
column is seen

+ spin, grav.

-> broadening, red-shifted

non-mCV

intermediate area of inner 
accretion disk and WD

(+ grav.)

-> broadening, (red-shifted)

Nobukawa, M. + in prep



(1) Broadened, redshifted plasma 
 km/s 
 km/s 

    higher than Gal. rot. (~100 km/s) 
    -> due to intrinsic motion / gravity 
✓ Superposition of mCV and non-mCV 
(2) Narrow, non-shifted plasma 

 km/s 
 km/s 

✓ along Galactic rotation 
✓ possibly truly diffuse component 
✓ might be in recombining state 
   produced by past SF and affected  
   by past activity of Sgr A*

𝜎 ∼ 600
𝑣 ∼ 300

𝜎 < 50
𝑣 ∼  0

GCXE is resolved to different velocity components for the first time.

Fe K-shell line spectrum
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Two CIE plasma model with different broadening σ and velocity v:

- kT ~ 5—10 keV for each

(1)
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Nobukawa, M. + in prep
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Fe K-shell line structure of GCXE and CVs
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CV samples (XRISM)

(e.g., Ishida et al. 2026)

σ~400 km/s


σ~2000-3000 km/s

CVs have different Fe line structures.

Need to combine multiple CV spectra.

Fe Heα Fe Lyα

Fe Kβ

SS Cyg

T CrB

SS Cyg

Anje Yoshimoto-san’s talk Friday 13/14



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

• Galactic center; quantitative investigation of contribution of point sources 

and truly diffuse plasma.

• XRISM high resolution spectrum reveals the complex velocity structure in 

the Fe lines for the first time.

• Broad (σ~600 km/s) and red-shifted (v~300 km/s) plasma

　-> mainly due to combination of CVs

        Further study requires many CV samples.

• Narrow (σ<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*

Conclusion

Other XRISM results will be presented Friday in this conference:
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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 (ΔE=2—4 eV@Fe Kα line).

• 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

v ~ 100-200 km/s

SS Cyg (Ishida et al. 2026)

AM Her (Terada et al. 2026)~100 pc


