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Outflows from GC in various

Fermi bubbles

O 10 kpc outflows
— Fermi bubbles (Su+10)

— Magnetized radio outflows (Carrett
+13)

O 100 pc scale outflows

— Galactic center lobe (Sofue+84, La
+10)

— IR galactic center bubble (Molinari

Is there any hot gas outflows ?
-> We have searched outflows in X-ray

band.
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Outflow-like emissions in X-ray band

O We discovered outflow-like
emissions with ASCA.

— ~150 pc scale.

— photon statistics are
limited and detailed nature
is not clear.
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Outflow-like emissions in X-ray band

O We discovered outflow-like
emissions with ASCA.

— ~150 pc scale.

— photon statistics are
limited and detailed nature

is not.clear.
O We confirmed the

emissions with Suzaku.

— Not all the region have
been covered by Suzaku
yet.

— good photon statistics
and high contrast image.
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Spectrum of the south emissioff ;"™
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O There is no excess in the hard X-ray
band.

O We obtained a spectrum from the
brightest part of the south emission.

O Background level is estimated from
nearby fields.

« O Detect emission lines from highly ionized

05 0 -05 -10 L5 atoms -> emission from plasma (~107 K).
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South emission is over-ionized plasma

Compared the data with physical plasma mo@eMNot Collisional lonization
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South emission is over-ionized plasma

Compared the data with physical plasma mo@eMNot Collisional lonization
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South emission is over-ionized plasma

Compared the data with physical plasma mo@eMNot Collisional lonization
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O Residuals indicate the plasma
is over-ionized and
dominated by recombination
process.
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South emission is over-ionized plasma

Compared the data with physical plasma mo@eMNot Collisional lonization
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South emission is over-ionized plasma

Compared the data with physical plasma mo@eMNot Collisional lonization

101

— ke
V_
T
S

0-¢

-5F

10-2 .«.,
N & ‘

|

iy

t |

f Hﬂ ||+||| || !“|
ft hﬁ iiﬂ |||*

CIE plasma model|
v

t

Free~hound

continuum
I I I I P e L

H-like Si

P ]
I | ot ! E
bl s 4ty 4
\“' 'F‘ﬂ"ﬁ' I, 'ﬁﬁ*“ﬂ" i

1

2 5
Energy (keV)

10

Equilibrium (CIE) plasma

\éollisional
excitation

recombination

O Residuals indicate the plasma
is over-ionized and
dominated by recombination
process.

Tuesday, October 22, 13



South emission is over-ionized plasma

Compared the data with physical plasma mo@eMNot Collisional lonization
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South emission is over-ionized plasma

Compared the data with physical plasma mo@eMNot Collisional lonization
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O Residuals indicate the plasma
is over-ionized and
dominated by recombination

rocess.

O Blasma parameters
— kTe = 0.5 keV

kTinit = 1.6 keV

nt=5x 101 s cm-3

Nu =9 x 10l cm=—2-> GC

distance

No~0NDT1Terrm3_~S ano ~ 0O 1 NMur
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Spatial variation of plasma parameters

O Divide FOVs into annular regions and performed the same

High ~ KTe
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Possible origin of the south plasma
O In order to form the over-ionized-plasma;—~photo-ionization or

rapid electron cooling is required.

O Large thermal energy of >10°! 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
O In order to form the over-ionized-plasma;—~photo-ionization or

rapid electron cooling is required.

O Large thermal energy of >10°! 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.
O 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
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Possible origin of the south plasma
O In order to form the over-ionized-plasma;—~photo-ionization or

rapid electron cooling is required.

O Large thermal energy of >10°! 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.

O Scenario 1 ... Sgr A* jet O Scenario 2 ... starburst origin
origin (analogy of Seyfert (analogy of starburst galaxies)
galaxies) — Past mini starburst formed
— Past jet from Sgr A* outflows of the plasma.

shocked the dense ISM. — Adiabatic expansion caused
— Strong radiation from the rapid electron cooling.

NGC 4258

Fa
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Spectrum of the north emission

. 10_ﬂ
. Suzaku 1-3 [
i} I: 107+
3 2 CIE plasma model
5 0. O Nu = 2.7 x 1042 cm™2
< 5 F ! '
Lké ¢ O —|_ T+ ++JTHJ[H|1|| l*l |ll'|-|'-|'+|i#} ‘|’+_|_+ e - ]
S 0 RN T

o | | | :
1.0 2.0 5.0
Energy (keV)

Galactic Lonaitude

O 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.

O It is possible that plasma at higher-latitude region is in over-ionized
state, considering the spatial variation of the south plasma.

O Hydrogen column density indicates the plasma is in the GC distance.
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Correlation with other wavelength

O There is no clear counterpart for the south plasma.

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

1. |

ASCA X-ray image
I\HO( emission (Law+10)
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AQ 1 "\ GC radio lobe (Soufe+84)

. => These support the origin
» 0/ (] of past GC activity.
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Summary

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

O 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.

O 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.

O The north plasma has a correlation with other wavelength.
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