




2.45keV He-S-Kα emission line

X-ray P-V map will make the search much easier.
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No. ] Suzaku observation of G 359.77−0.09 3

Fig. 1. XIS mosaic images of the GC region at the Kα-S XV (left) and Kα-Fe XXV (right) bands. Both images were binned by 8× 8 pixels and then
were smoothed with σ = 1.′4. The exposure time and the vignetting effect of the XRTs were corrected. G 359.77−0.09 is shown by a solid ellipse in
the Kα-S XV band image, while its background is drawn by a dashed rectangle in the Kα-Fe XXV band image. A green dotted spider web and a series of
rectangles (ladder region) are used to investigate the radial surface brightness profiles and the flux distribution along the Galactic latitude, respectively.

Table 2. Best-fit parameters of the G 359.77−0.09 spectrum∗

Parameters Values
NH (1022 cm−2) 6.9 (6.1–7.6)
keT (keV) 0.66 (0.57–0.74)
ZSi

† 0.9 (0.7–1.3)
ZS

† 0.7 (0.6–1.0)
ZAr

† 0.9 (0.3–1.7)
Normalization‡ 0.08 (0.05–0.14)
Flux (1.5–5 keV)§ 3.0 × 10−4

χ2/d.o.f. 73/100 = 0.73
∗ The values in parentheses represent the 90% confi-
dence intervals.
† Elemental abundances relative to solar.
‡ In unit of 10−14/(4πD2)

∫
nenHdV cm−5. Here

V and D are the volume and distance to the plasma,
respectively.
§ Absorbed flux in unit of photons s−1 cm−2.

table2. The best-fit FI spectrum is given with the solid line
in figure3. We note that we tried to fit the spectrum with
non-equilibrium ionization (NEI) plasma model instead of the
CIE plasma model. The best-fit ionization parameter (net)
is 8.0+490

−4.6 × 1011 cm−3 s, and then those of the temperature
(kTe = 0.72 keV) and absorption (NH = 6.3 × 1022 cm−2)
are consistent with those obtained with the CIE plasma model.
Thus, we adopt the best-fit parameters of the CIE plasma in the
following discussion.

3.3. Spatial distribution of the GCDX emission

The GCDXs are the most serious local background for
G 359.77−0.09, because the GCDX flux is position variable
and G 359.77−0.09 is a faint diffuse source located near the
GC on the Galactic plane (b = −0.◦05). We therefore checked

whether or not the GCDX subtraction is properly made.
The Fe XXV Kα (6.7 keV) line is a good indicator of the

GCDX emission (see section 3.1). The 6.7 keV line fluxes
along the Galactic longitude are available from Koyama et al.
(2007b), we hence extracted the 6.7 keV line fluxes along the
Galactic latitude.

We extracted spectra in the 5.5–11.5 keV band from a series
of 6′ × 3′ rectangular regions in figure 1b. We fixed the cen-
tral longitude of each rectangle to be l = −0.◦0557, the same
Galactic longitude as that of Sgr A∗. Each spectrum was fitted
by the same phenomenological model as that used in Koyama
et al. (2007b); an absorbed thermal bremsstrahlung with sev-
eral Gaussian emission lines.

We plot the best-fit parameters of the 6.7 keV line fluxes
in figure 4 together with the results of Koyama et al. (2007b).
Although the flux distribution is highly asymmetric along the
Galactic longitude with respect to the Galactic center, that
along the Galactic latitude at l =−0.◦0557 is roughly symmet-
ric with respect to the Galactic plane. We therefore fitted the
6.7 keV line fluxes along the Galactic negative longitude and
latitude (both positive and negative latitudes) simultaneously
with an exponential model given by,

F (l, b) = Aexp
(
−|l− lc|

σl
− |b− bc|

σb

)
, (1)

where lc and bc are fixed to the position of Sgr A∗.
We obtained the best-fit parameters as follows; A = 3.5±

0.2 photons s−1 cm−2 arcmin−2, σl = 0.◦22 ± 0.◦02, and σb =
0.◦14±0.◦01. We show the best-fit model at l =−0.◦0557 with
a black dashed line in figure 4.

Applying this phenomenological model, we inferred the
6.7 keV flux distribution at the G 359.77–0.09 position (l =
−0.◦2249), as is indicated by a red dashed line in figure 4. The
estimated flux at G 359.77–0.09 (b = −0.◦0557, l = −0.◦2249)
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• Superwinds are ubiquitous in the 
galaxies forming stars in a high rate 
and an early galaxy. 

Outflow from a starburst galaxy - “Superwind”

Tsuru+07

“the Cap” M82

• The X-ray emitting phase of a 
superwind contains the majority of its 
energy and newly-synthesized metals, 
and given its high specific energy.

Key Question: 
What is the contribution of mass, 
metals and energy from starburst 
galaxies to the Intergalactic Medium ?

• Plasma with kT>1keV created by a 
starburst activity in the central region 
can escape the host galaxy.  It forms a 
galactic outflow,  “Superwind”. 

Strickland, HST, Engelbracht, 



IXO observation of superwind
• IXO reveals the mass, metals and energy from starburst galaxies 

injected into the Intergalactic Medium. 

• IXO can observe a sample of ~35 local starbursts at D<200Mpc, 
covering a suitably broad range of galaxy mass (108~1011.5M@). 

• Note that the Suzaku spectrum of the Cap of M82 shows a hint of 
existance of charge exchange process (Tsuru+06). We would be 
able to investigate the cold phase of IGM.
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competitive uncertainties in cluster-based cosmo-
logical measurements. 
The Cosmic Web of Baryons

Less than 10% of the baryons in the local Uni-
verse lie in galaxies as stars or cold gas, with the re-
mainder predicted to exist as a dilute gaseous fila-
mentary network—the cosmic web.  Some of this 
cosmic web is detected in Ly! and OVI absorp-
tion lines, but half remains undetected.  Growth 
of structure simulations predict that these “miss-
ing” baryons are shock heated up to temperatures 
of 107  K in unvirialized cosmic filaments and 
chemically enriched by galactic superwinds.20

Despite local success in finding hot gas in 
the halo of the Milky Way, observations with 
the grating spectrometers on XMM-Newton and 
Chandra have not yielded conclusive proof for the 
existence of the hot cosmic web at z > 0.21 !e 
order of magnitude increase in collecting area and 
R = 3000 spectral resolution of IXO is required 
to enable detection of the missing baryons and 
characterize their velocity distribution along at 
least 30 lines of sight (!e Cosmic Web of Bary-
ons, Bregman et al.). !is distribution of mass 
as a function of temperature can be determined 
from X-ray absorption line grating spectroscopy 
of highly ionized C, N, and O detected against 
background AGNs.  !e extent and nature of ga-
lactic superwinds that enrich the web will also be 
measured both from the proximity of absorption 
sites to galaxies and the dynamics of the hot gas.

Most galaxies, in fact, have lost more than 2/3 
of their baryons, relative to the cosmological ratio 
of baryons to dark matter.22  !ese missing bary-

ons are probably hot, but we do not know if they 
were expelled as part of a starburst-phase galactic 
wind, or pre-heated so that they simply never co-
alesced. X-ray absorption line observations with 
IXO will, for the first time, identify the location 
and metallicity of these Local Group baryons 
from the line centroids and equivalent widths of 
hot C, N, and O ions, revealing a crucial aspect 
of galaxy formation (!e Missing Baryons in the 
Milky Way and Local Group, Bregman et al.).23 

Life Cycles of Matter and Energy
 !e dispersal of metals from galaxies can oc-

cur as starbursts drive out hot gas that is both 
heated and enriched by supernovae. !is metal-
enriched gas is detected with current X-ray mis-
sions, but IXO is needed to measure the hot gas 
flow velocity using high-throughput spectroscopic 
imaging (Fig. 1-7), and in turn determine the ga-
lactic wind properties and their effects (Starburst 
Galaxies: Outflows of Metals and Energy into the 
IGM, Strickland et al.).

!e distribution of metal abundances in the 
Milky Way, including both the gas and dust com-
ponents, will be mapped using absorption line 
measurements along hundreds of lines of sight 
(Measuring the Gas and Dust Composition of the 
Galactic ISM and Beyond, Lee et al.).  On smaller 
scales, emission from gaseous remnants of super-
novae seen with IXO will offer a comprehensive 
three-dimensional view of the ejecta composition 
and velocity structure, allowing detailed studies of 
nucleosynthesis models for individual explosions 
(Formation of the Elements, Hughes et al.).  

IXO will reveal the influence of stars on their 
local environment via measurements of their 
coronal activity and stellar winds (Mass-Loss and 
Magnetic Fields as Revealed !rough Stellar X-ray 
Spectroscopy, Osten et al.). !is influence also in-
cludes their effect on habitable zones as well as on 
planet formation.  Observations of star-forming 
regions have shown that X-rays from stellar flares 
irradiate protoplanetary disks, changing the ion-
molecular chemistry as well as inducing disk tur-
bulence.24  While Chandra has detected a few im-
mense flares,25 the most significant impact on the 
protoplanetary disk is in the integrated output of 
the smaller flares, which can only be characterized 
using IXO (X-ray Studies of Planetary Systems, 
Feigelson et al.).

!e full reference list for this document is 
available at http://ixo.gsfc.nasa.gov/decadal_
references/.
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Figure 1-7. IXO high-resolution X-ray spectra (blue) 
show the metal-enriched hot gas outflowing from a 
starburst galaxy, a part of the feedback process unre-
solvable with current X-ray CCD data (magenta).

Adopted from 
the RFI.

Small region of the  
superwind of M82

XMS of IXO 
compared with CCD



What happend and will happen in the 
Galaxy where we live ?

What is the origin of the activities of 
the Galactic center region ?

What is the contribution of mass, 
metals and energy from starburst 
galaxies to the Intergalactic Medium ?

Summary
(Key Question)

the 
Galactic 
center 
region

Starburst 
galaxy




