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Outflows from GC in various 

10 kpc outflows

- Fermi bubbles (Su+10)

- Magnetized radio outflows (Carretti
+13) 

100 pc scale outflows

- Galactic center lobe (Sofue+84, Law
+10)

- IR galactic center bubble (Molinari

50° ~ 10 kpc

Fermi bubbles

Is there any hot gas outflows ? 
-> We have searched outflows in X-ray 
band.
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Figure 1. Herschel PACS 70 µm image of the Galactic center region. Labels identify known objects that are discussed in the text.

These studies found that 15%–30% of the far-IR emission comes
from molecular clouds with dust temperatures of about 19 K,
70%–75% arises from the H i phase with dust temperatures of
17–22 K, and less than 10% is emitted by warm dust with T >
29 K associated with the extended H ii and warm (100–300 K)
molecular phases traced by H+

3 absorption (Oka et al. 2005;
Goto et al. 2008). With Herschel29 we can now extend this
type of analysis into a new domain of spatial resolution and
sensitivity.

In this Letter, we present the first high angular resolution
maps of the CMZ far-IR dust emission, temperature, and column
density based on data obtained with the Herschel satellite
(Pilbratt et al. 2010).

2. OBSERVATIONS AND RESULTS

The Galactic center was observed with Herschel as part
of the Hi-GAL Key-Project (the Herschel infrared Galactic
Plane Survey; Molinari et al. 2010a). Observing strategy and
data reduction are described in Molinari et al. (2010b) and
Traficante et al. (2011). The central 2◦ × 2◦ region of the Galaxy
was imaged in Parallel Mode by simultaneously acquiring Pho-
todetector Array Camera and Spectrometer (PACS; Poglitsch
et al. 2010) and Spectral and Photometric Imaging REceiver
(SPIRE; Griffin et al. 2010) images in five photometric bands
centered at 70, 160, 250, 350, and 500 µm. SPIRE was used
in “bright-source mode” to minimize nonlinearities and satu-
ration, and preliminary SPIRE calibration checks indicate an

29 Herschel is an ESA space observatory with science instruments provided by
European-led Principal Investigator consortia and with important participation
from NASA.

accuracy within 15% compared to standard SPIRE setting (M.
Pohlen 2010, private communication). We corrected the zero
level in our SPIRE and PACS images using offset values de-
rived from the comparison with the Planck/IRAS data using the
same procedure as in Bernard et al. (2010).

Figure 1 shows the PACS 70 µm image. Sgr A! and Sgr B2
are the brightest spots, and the entire area is filled with intense
far-IR emission punctuated by several InfraRed Dark Clouds
(IRDCs) seen in silhouette. A large bubble dominates at 70 µm
from 0◦ ! l ! +0.◦20 but disappears at longer wavelengths
(see SPIRE 250 µm in Figure 2). At 250 µm, Sgr B2 is the
brightest feature (it is saturated at 250 µm). Two bent chains of
emission extend above and below the mid-plane from Sgr B2
to Sgr A!, where they appear to cross, and continue on to
Sgr C. This structure can also be identified in the SCUBA
map (Pierce-Price et al. 2000), but only the unique multi-band
far-IR/submillimeter capabilities of the Herschel PACS and
SPIRE cameras make possible the determination of its tem-
perature and column density.

Opacity and dust temperature are estimated from a pixel-
to-pixel fit to the 70–350 µm data (the resolution is matched
to the 350 µm images; ∼ 25′′) using the DustEM model
(Compiègne et al. 2011) following the method described in
Bernard et al. (2010). Assuming constant dust properties, the
opacity is converted into a hydrogen column density (NH =
NHI+NH2

) using τ250/NH = 8.8 × 10−26 cm2/H. This value
is estimated from latitudes b > 0, and it could be higher by
a factor 2–4 in the Galactic plane (Bernard et al. 2010) and
could change our mass estimates accordingly. The temperature
and column density maps (Figures 3 and 4) represent the inte-
grated contribution of dust along the line of sight. High opacity,
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Figure 5. Left: SHASSA continuum-subtracted Hα image toward the GC lobe with Galactic coordinates. The bar at bottom shows the intensity scale in deciRayleighs.
Right: GBT 20 cm radio continuum image, similar to that shown in Figure 1. For reference, the lines in both panels trace the shell of the radio continuum emission
observed at 20 cm.
(A color version of this figure is available in the online journal.)

8 µm image. Since the MSX image shows warm dust and Spitzer
image shows PAH emission, I conclude that the GC lobe is host
to warm dust and is being irradiated by far-UV photons.

3. CONCLUSIONS ON THE NATURE OF THE GC LOBE

Here, I synthesize my new analysis with previous work, to
draw three broad conclusions about the nature of the lobe. Each
of these conclusions has been disputed before, so it is necessary
to state them clearly before moving on with the discussion.
Using these conclusions, I derive the physical conditions of the
GC lobe.

3.1. The GC Lobe is a Single Object

The discovery of radio and optical recombination lines, radio
continuum, and mid-IR emission in the GC lobe, all with
a similar morphology, strengthens the argument that it is a
single, coherent object. The 20 cm radio continuum and optical
recombination line emission show a clear bridge between the
east and west halves of the GC lobe near b ∼ 1◦, which
rejects the possibility that the east and west sides are unrelated
phenomena.

As described in Section 2.1, the 6/20 cm spectral index east
and west sides have similar, nonthermal values. More impor-
tantly, the index for both edges of the GC lobe shows a similar
change with Galactic latitude, with significant steepening to-
ward the highest latitudes. This similarity suggests that they
have a similar physical origin.

Finally, Law et al. (2009) note that the GC lobe has radio
recombination line emission with an unusually narrow line
width. The narrow line width implies an unusually low electron
temperature for the ionized gas that is not commonly seen in
typical H ii regions (Afflerbach et al. 1996). The intensity ratios
of the lines detected in the east and west of the GC lobe are
similar, implying that all the gas has a similar density and
unusually low temperature.

3.2. The GC Lobe is Composed of Layered Shells

The three components of the GC lobe have a similar, limb-
brightened morphology (see Figure 8). All three components
have a similar center longitude, while each component has a

Figure 6. Grayscale shows a portion of the Spitzer/IRAC 8 µm image and
contours show GBT 6 cm continuum emission around the GC lobe. Dashed
lines show the latitudes at which slices were taken across the GC lobe for
Figure 7; only a portion of each slice is shown here to avoid confusing the
image.

different edge-to-edge diameter (see Table 1). This gives the
appearance nested shells of radio line emission, radio continuum
emission, and mid-IR emission.

Bland-Hawthorn & Cohen (2003) model the structure as
a shell-like “telescope dome” with a radius r, height h, and
thickness δ. Table 1 shows the best-fit shell parameters for five
of the observations presented here.3 The shell width, δ, is fit
by simulating an idealized shell model and convolving it with
the telescope beam, B; the thickness is only weakly constrained
when it is smaller than the telescope beam. The height of the GC
lobe is measured in the 20 cm radio continuum and optical Hα
observations to be about 1.◦15, or 165 pc at the GC distance.
Under the telescope dome model, the volumes of the radio
recombination line, radio continuum, and mid-IR shells are

3 Parameters from the optical Hα are not included, since the emission is
extincted and more confused.
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Outflow-like emissions in X-ray band
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We discovered outflow-like 
emissions with ASCA.
- ~150 pc scale.
- photon statistics are 

limited and detailed nature 
is not clear. 
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We discovered outflow-like 
emissions with ASCA.
- ~150 pc scale.
- photon statistics are 

limited and detailed nature 
is not clear. 

Sgr A*

Suzaku 1.0-3.0 keV

We confirmed the 
emissions with Suzaku.
- Not all the region have 

been covered by Suzaku 
yet.

- good photon statistics 
and high contrast image.

We investigated detailed 
nature of the emissions 
with Suzaku data.
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North
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Spectrum of the south emission

Suzaku 1-3 keV

Suzaku 5-8 keV

There is no excess in the hard X-ray 
band.
We obtained a spectrum from the 
brightest part of the south emission.
Background level is estimated from 
nearby fields.
Detect emission lines from highly ionized 
atoms -> emission from plasma (~107 K).

(Nakashima
+13)
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CIE plasma model
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CIE plasma model
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CIE plasma model
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CIE plasma model
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Spatial variation of plasma parameters
Divide FOVs into annular regions and performed the same 
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Possible origin of the south plasma
In order to form the over-ionized plasma,  photo-ionization or 
rapid electron cooling is required.
Large thermal energy of >1051 ergs (100 times larger than a typical 
SNR).  -> large energy injection is required.
-  Multiple supernovae is not favor because there is no star forming 

region.
-  Plasma is formed by past GC activity -> suggest two possible 

scenario.
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Possible origin of the south plasma
In order to form the over-ionized plasma,  photo-ionization or 
rapid electron cooling is required.
Large thermal energy of >1051 ergs (100 times larger than a typical 
SNR).  -> large energy injection is required.
-  Multiple supernovae is not favor because there is no star forming 

region.
-  Plasma is formed by past GC activity -> suggest two possible 

scenario.
Scenario 1 ... Sgr A* jet 
origin (analogy of Seyfert 
galaxies)
- Past jet from Sgr A* 

shocked the dense ISM.
- Strong radiation from the 

NGC 4258

Scenario 2 ... starburst origin 
(analogy of starburst galaxies)
- Past mini starburst formed 

outflows of the plasma.
- Adiabatic expansion caused 

rapid electron cooling.
M82
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Spectrum of the north emission

Suzaku 1-3 
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Plasma is not in over-ionized state but in CIE, because 0.8 keV CIE 
plasma model represents the data -> consistent with low-latitude 
region of the south plasma.
It is possible that plasma at higher-latitude region is in over-ionized 
state, considering the spatial variation of the south plasma.
Hydrogen column density indicates the plasma is in the GC distance.

CIE plasma model
kT = 0.8 keV
NH = 2.7 x 1022 cm-2
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Correlation with other wavelength

GC radio lobe (Soufe+84)

ASCA X-ray image
Hα emission (Law+10)
Double helix nebula (Morris+06)
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There is no clear counterpart for the south plasma.

The north plasma spatially coincides with the features in other 
wavelength.

=> These support the origin 
of past GC activity.
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Summary

From the ASCA and Suzaku observations, we discovered 
outflow-like X-ray emissions.

Analysis of the south plasma shows that the plasma is in over-
ionized state, and have large thermal energy. -> past Sgr A* 
jet or starburst is possible origin.

Analysis of the north emission shows that the plasma is in CIE 
state, and have large thermal energy. -> correlation with south 
emission is not clear at this time, but the origin could be also 
past GC activity.

The north plasma has a correlation with other wavelength.

Tuesday, October 22, 13


