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Abstract

We report Suzaku results for the discovery of bipolar diffuse plasma, which extend 200 pc from the
Galactic center (GC) and perpendicular to the galactic plane. Both of the emission in the negative Galactic
latitude (GC South) and in the positive latitude (GC North) subject to strong interstellar absorption, and
are likely located at the distance of the GC. Their thermal energies then reach to >1051 erg. We also found
that GC South is in an over-ionized state, which is not predicted in the standard shock heating scenario.
Such a peculiar state is probably formed by photo-ionization or rapid adiabatic expansion of the plasma.
On the other hand, an collisional ionization equilibrium state is favor for GC North even though photon
statistics is not sufficient. We propose that these bipolar emissions are of past GC activity origin ∼105

years ago.
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1. Introduction

The Galactic center (GC) is quiet at present; the cen-
tral supermassive black hole, Sagittarius (Sgr) A*, is
very dim and there is no starburst activity. Thus, Our
Galaxy have been considered to be one of the normal
spiral galaxy. However, recent high-energy observations
have unveiled past activities of the GC. From the X-ray
observations, Inuit et al. (2009) shows that SgrA* was
five order of magnitude brighter than the current lumi-
nosity about 300 years ago. Su et al. (2010) discovered
the GeV gamma-ray bubbles from the Fermi all-sky map
(the so-called Fermi bubbles), which suggest the giant
GC activity 1–10 Myr ago.

If such past GC activities are common events, another
relic of activities should present in the vicinity of the
GC. Based on this idea, we investigated the X-ray survey
data of the GC region. We especially focused on the
Galactic bulge region, which is less contaminated with
the Galactic X-ray emissions, and thus would be more
suitable to extract phenomena associated with the GC
activities.

2. Observations and Analyses

2.1. X-ray images

We used the GC survey data taken by Suzaku, and made
the image in the 1.0–3.0 keV as shown in Figure 1a.
Thanks to the good photon statistics of the Suzaku data,

we found a large diffuse structure to the south of SgrA*
(GC South). We also discovered a bright emission to the
north of Sgr A* (GC North), even though this region is
not fully covered by the Suzaku observations. On the
other hand, no prominent excess is found in the 5–8 keV
band to the north nor south of SgrA*.

In order to clarify the overall morphology of GC North,
we reanalyzed the GC survey image taken by ASCA
(Sakano et al. 2002). Figure 1b shows the ASCA im-
age in the 1.5–3.0 keV band. We found that GC North
extends to about 1 degree north of the GC, and also
confirmed that the morphology of GC South is consis-
tent with that in the Suzaku image. The ASCA image
clearly shows a bipolar structure consisting of GC North
and GC South.

2.2. Analyses of GC South

2.2.1. Spectrum

Figure 2a shows a spectrum extracted from the the
brightest part of GC South. Prominent emission lines
from highly ionized atoms (Ne. Mg, Si, S, Ar, and Fe)
and a neutral Fe line are detected. The emission in the
5–10 keV band including the Fe K-shell lines are most
likely of the Galactic background (BG) origin. We in-
vestigated the BG spectrum using nearby observations
and made a BG model (see Nakashima et al. 2013 for
details). Applying this BG model, the 5–10 keV band
spectrum of GC South is well represented (the dashed
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(a) Suzaku 1.0-3.0 keV
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Sgr A*

0° -1°1°

N orth

South

Fig. 1. X-ray images of the 5◦ × 2◦ GC region taken by (a) Suzaku
and (b) ASCA.

line in Fig. 2a), while the excess in the 0.7–5 keV band
still remains with emission lines.

We then added an optically-thin thermal plasma
model in collisional ionization equilibrium (CIE). The
electron temperature (kTe), the emission measure (EM),
and abundances of elements (N, Ne, Mg, Si, S, and Fe)
were allowed to vary. Since some Fe L-shell lines at
0.8 keV and 1.2 keV are not included in the model, we
also modeled them with two Gaussians. Spectral fitting
of this model gave a best-fit kTe of 0.62 keV, but did not
represent the data with χ2/dof = 1378/350 (Fig. 2b).
The residual at 2.0 keV corresponds to H-like Si Kα,
and indicates that this CIE model underestimates the
ionization state of Si. In addition, you can clearly see
hump-like features around 2.5–3.0 keV and 3.2–3.8 keV.
These features are most likely due to the radiative re-
combination continua (RRCs) of Si and S, which are de-
tected in some Galactic supernova remnants (SNRs; see
Yamaguchi et al 2009, Uchida et al. 2012, and references
therein).

The RRC residuals strongly indicate that a recom-
bining process dominates in the plasma. We thus ap-
plied a non-equilibrium ionization model (NEIJ in SPEX)
that successfully reproduces the RRC features observed
in some SNRs The free parameters of this model is the
initial ionization temperature (kTinit), the electron tem-
perature (kTe, and the relaxation timescale of net, where
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Fig. 2. (a) Spectrum of GC South fitted with the recombining plasma
model, the BG model, and two Gaussians which represent missing
Fe L-shell lines in the plasma model. Details of the models are
show in the text. (b) Residuals between the data and the model
in the case of a CIE plasma model. (c) Same as (b) but using a
RP model.

ne and t are the number density of electrons and the
elapsed time, respectively. The condition of kTinit > kTe

describes a recombining plasma (RP). Spectrum fitting
of this model fairly improved the residuals, and gave a
best-fit with χ2/dof = 599/348 (Fig. 2c). The best-fit
parameters are summarized in Table 1

2.2.2. Distance and plasma parameters

The obtained absorption column density shown in
Talbe 1 is consistent with the value calculated from the
infrared extinction (see Nakashima et al. 2013). There-
fore, we concluded that GC South is located at the GC
distance (8 kpc). At this distance, 1 degree corresponds
to ∼140 pc. Assuming the volume of the plasma, ne was
estimated to be ∼0.1 cm−3 . Then, the age of the plasma
is found to be ∼0.2 Myr from the relaxation timescale.
In addition, total thermal energy and mass of GC South
reach 8 × 1051 erg and 3000 M�, respectively.

2.2.3. Spatial distribution of plasma parametres

We divided the GC South region into ten sub-regions
along the Galactic latutude, and performed spectrum
analyses using the same procedure described in the sec-
tion 2.2.1 to investigate spatial distribution of the plasma
parameters.

Obtained profiles are shown in Figure 3. We found
that kTe, ne, and the thermal pressure (p) decrease with
increasing the distance from the GC by a factor of 2–3.
Figure 4 shows the plasma timescale calculated from the
relaxation timescale and electron density as a function of
the Galactic latitude. The timescale is marginally longer
as the Galactic latitude is higher, and is in the range of
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Fig. 3. Spatial profiles of (a) electron temperature, (b) electron den-
sity, and (c) thermal pressure in GC South.

0.1–0.3 Myr.

2.3. Analyses of GC North

2.3.1. Spectrum

We analyzed a Suzaku spectrum of GC North, although
the entire GC north region have not been observed yet.
The extracted spectrum is shown in Fig. 4. Emission
lines from highly ionized atoms are detected. As the
case of GC South, the emission in the 5–10 keV band,
including Fe lines, is likely to be the BG emission.

A model of the BG emission is estimated from the
nearby sky as shown in the analysis of GC South. We
fitted the spectrum with the CIE plasma model plus
the BG model, and obtained the reasonable fit with
χ2/dof = 236/185. The best-fit parameters are listed
in Table 1. We also tried the RP model, but net be-
comes larger than 1013 s cm−3, which indicates a CIE
state of the plasma. Therefore, a CIE state is favor for
GC North at least in the observed region.
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Fig. 4. Spatial profile of plasma timescale calculated from the relax-
ation timescale and the electron density.

Table 1. Best-fit parameters of GC South and GC North.

Parameter Unit GC South1 GC North2

NH (1022 cm−2) 0.70 ± 0.03 2.6 ± 0.3
kTe (keV) 0.46 ± 0.02 0.73 ± 0.04

kTinit (keV) 1.63+0.27
−0.18 —

net (1011 s cm−3) 5.3 ± 0.5 —
EM3 (1058 cm−3) 9.5 ± 1.0 3.4 ± 0.8

Ne =O (solar) 0.39+0.05
−0.04 1 (fixed)

Mg (solar) 0.81 ± 0.07 0.9 ± 0.3
Si (solar) 0.71 ± 0.05 0.9 ± 0.1

S (solar) 0.79+0.09
−0.08 1.2 ± 0.2

Ar = Ca (solar) 1.9+0.6
−0.5 1 (fixed)

Fe = Ni (solar) 0.10 ± 0.02 1 (fixed)

Notes:
1Fitted with the NEIJ model.
2Fitted with the CIE plasma model.
3Emission measure assuming a distance of 8 kpc.

2.3.2. Plasma parameters

Absorption columns density of GC North is very large
and consistent with the value evaluated from the infrared
extinction. Therefore, GC North is likely to be located
at the GC distance. Assuming the volume of GC North,
plasma density, thermal energy, mass are estimated to
be ∼ 0.1 cm−3, 3 × 1051 erg, and 900 M�, respectively.

3. Discussion

Both GC South and GC North have the large thermal en-
ergy, which is 10–100 times larger than that of a typical
X-ray SNR. What is the origin of the GC North/South?
One possible energy source is multiple SNRs at an in-
situ star-forming region. However, no star-forming re-
gion have been found in this region by the optical, in-
frared, nor radio observations.

Another possibility is a GC activity about a few hun-
dreds thousand years ago. If supernova rate in the GC
region is one order of magnitude higher than that of cur-
rent rate, sufficient energy to form the GC North/South
is provided. Matsunaga et al. (2011) claimed that star-
formation rate in the GC region is higher than at present
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Fig. 5. Spectrum of GC North fitted with the same procedure in
Figure 2

0.1–10 Myr ago, and hence supports our idea. A large
amount of thermal plasma made in the GC may blow
out to the off-plane region as seen in starburst galaxies.

In order to form the RP found in the GC South, we
consider two possible mechanism. One is the rapid elec-
tron cooling due to adiabatic expansion of the outflowing
plasma. The other is photo ionization by strong radia-
tion from Sgr A*. If the photoionization scenario is the
case, the required luminosity is ∼1043 erg, which is 10
percent of the Eddington luminosity of Sgr A*.
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