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Fermi bubble physical parameters

@ hard spectrum

Q@ consistent with IC emission by
the same electrons responsible
for WMAP haze

Q@ total gamma-ray power:
Q@ 4.0x1037 erg/s (1-100 GeV)
Q@ 1.2x10° erg for 107 yr

Q@ kinetic energy of bubble
Q@ X-ray data: 102 cm=, -2 keV
Q@ size ~ 10 kpc
QFE ~ 10° erg
Q@ age ~ 107 yr for v~10° km/s
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Fermi bubble: Interpretation?

Q@ bubble energy source?
@ AGN (SMBH) O?

@ evidence of past activities in
other wavebands

Q@ nuclear starburst A?

@ no Ha emission

Sun

Q@ no %Al gamma-ray excess e - 85 kpe i}
(Totani ’06)

Q dark matter annihilation x?
Q sharp edge
Q hot X-ray gas Su+’10
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Q Higher X-ray Luminosity

Q@ Outflows on various scales
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Evidence tor Brighter X-ray Luminosity of Sgr A*
Q FURIr 125 Sgr B 70 6 O R ERERRR 13, SRMH0D> & DR D SR oy
LEZoND

Q@ 300 yr | EHjE TlE, Sgr A* @ XHOGEDS ~3x1039 erg/s THEVT W
7-L#E 2 5 LHATE % (Koyama+'96; Murakami+’00)
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Evidence tor Brighter X-ray Luminosity of Sgr A*

Q INTEGRAL <% 7 (Revnivtsev+'04)
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Fig. 2. Broad band X-ray spectrum of the source IGR J17475-2822
associated with the Sgr B2 cloud. Data of ASCA/GIS (3-10keV),
GRANAT/ART-P (10-20keV) and INTEGRALVIBIS (20400 keV)
are presented. lor error bars and 20 upper limits are shown. The
dashed line 1s the best-fit model (see main text) convolved with the
resolution of ASCA/GIS (or = 230¢V)

Fig. 1. Upper panel: 3.5 x 2.57 hard X-ray (18-60keV) image of the
GC region obtained with INTEGRALVIBIS. Contours denote levels of
the signal to noise ratio, which start from SN = 5.0 and increase with
a multiplicative factor of 1.4, Detected known X-ray sources are indi-
cated (see Revnivisev et al, 20044 for details). Lower panel: The same
IBIS color image, with overplotted contours of brightness distribu-
tion in the 6. 4keV line as measured by ASCA/GIS. Largest molecular
clouds are indicated and the position of the Sgr A*® source 1s marked
with a Cross



Evidence for a Large Scale Outflow from GC

@ estimated massive outflow | T TR T
cnergy. 1055 erg in ~106 yrs on P/ SR Y ey S VG N A
the scale of the Galactic center
lobe (GCL)

Q ~100 km/s

Q a few degree ~ 300 pc
@ Bland-Hawthorn & Cohen 04

Q@ Kinetic luminosity ~ 104142 erg/s

;l ), SLVALE s ,_,,O._-.. ) B A WA N 35_9, P

Bland-Hawthorn & Cohen ’03
Image: MSX 8.3 um (dust)
Contour: 3 cm (thermal)



Q expanding molecular clouds (Kaifu et al. “72; Scoville *72;...)

Evidence for Mass Outflow from GC:
II. Expanding Molecular Ring (EMR)

QE ~ 2x10° erg

QV-~-100 km/s

Q@ R-~-300 pc

Q time scale ~10° yrs

' 300

1200

{100

100

200

300

Fi1G, 2.—Sketch of rotating molecular ring near the galactic center as seen from above the galactic
plane. Here the ring is taken to be expanding, although as discussed in the text, contraction cannot be
ruled out. The suggested locations of continuum sources relative to ring are included; the label Sgr A

refers only to the nonthermal component at | = 070, b = ~070,

Scoville 1972



Evidence for Mass Outflow from GC:
[II. North Polar Spur (NPS) and/or Bulge X-Ray

@ NPS (Loop I) / Bulge X-ray emission can
be interpreted as mass outflow from
GC: (Sofue ’00; Bland-Hawthorn &
Cohen ’03)

Q@ E~10°6 erg
Q Scale ~ 20 deg ~ 1 kpc
Q time scale ~107 yrs

Q@ Kinetic luminosity ~ 104142 erg/s

Q@ But: many papers claiming that NPS is
local nearby SNR

Sofue ‘00

.
* 180



The 511 keV Annihilation Line Emission from GC

Q extended spherical bulge with ~8 deg FWHM (~1.1 kpc) + weak disk
component (Knodlseder et al. 2005)

@ bulge / disk flux ratio = 3-9 (c.f. mass ratio 0.3-1.0, Robin+’03)

Q@ positron production rate ~1.5x1043 s-!

Knodlseder et al. 2005



A Unique Morphology!

Weidenspointner+ ‘06
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RIAF model /% mass outflow 2 F=79 3

@ non-conserving mass accretion rate « outflow

Q@ ADIOS: Blandford & Begelman ’99

- S Outflow from region around » ~ 7,
Moy, s=0.27 :
dM

n, oy ‘ mass outflow rate :~ ——7 ~1.6x10" M / yr

dr

kinetic luminosity : ~v_ dd— r ~3x10"erg/s
r



RIAF model for past higher activity of GC

Totani 06

QWHEDEERL D, 103 EREEEWVWEFEERZEZ 5 &, WEDIHEEMHED
JefEnsth—RIICEiIH T E %

Q X-ray reflection nebular (Lx 2384 D 1064%)
Q@ outflow on 0.3-3 kpc scale (Lkin ~ 104142 erg/s)
Q@ (7 : RIAF Tl&. Lx < (dM/dt)2, Lkin o« (dM/dt)! )

Q@ X 512, RIAF HmetA )k (ee—3eet7s &) ## 25 E . 511 keV
B S MR 7: < BB TCT & 4



Why Sgr A* Currently So Dim?

lonized Gas Ne~ 1 02‘3 Cm‘g
O BIfEOEIEER12 Sar A Bast & OHILL ¢

YEH D 7= & (Totani *06)
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IR
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of the central MBH. We highlight some of the evidence of previ-
ous activities toward the GC, which may relate to the production
of the Fermi bubbles.

X-ray reflection nebulae in the GC. There are indications of
previous GC activity from X-ray echoes and time variability of
reflected X-ray lines from cold iron atoms in molecular clouds
around Sgr A* including Sgr B1 and B2, Sgr C, and M0.11-0.11
(Sunyaev et al. 1993; Sunyaev & Churazov 1998). The changes
in the intensity, spectrum, and morphology of the fluorescent
iron nebulae near the GC, observed by ASCA and International
Gamma-Ray Astrophysics Laboratory (INTEGRAL) are likely
due to reflected X-rays from previous activity of Sgr A* with
high luminosity ~300 yr ago. The luminosity is ~1.5 X
10%9 ergs~! in2-200 keV with a power-law spectrumdN /d E
E77 with y = 1.8 &£ 0.2 (Ponti et al. 2010; Revnivtsev et al.
2004; Nobukawa et al. 2008). The changes in the intensities and
morphologies of hard X-ray nebulosities on parsec scales have
been discovered (Muno et al. 2007).

LR

n ~ 0.lcm™ at 2kpc above the plane (Bland-Hawthorn

& Cohen 2003b). Free—free emission in the resulting high-
temperature plasma produces the observed X-ray signals. The
GCL on degree scale has estimated the total kinetic energy
~10% erg and a dynamical timescale of ~10°® yr. The size,
energy, and timescales| are similar to those of the expanding
molecular ring (EMR) around the GC (Kaifuetal. 1972; Scoville
1972; Totani 2006). Sofue (2000b) interpreted the North Polar
Spur (NPS) with tens of degrees scale to be an outflow from the
GC with an energy scale of ~10-10°% erg and a timescale of
~107 yr. Totani (2006) suggested that all these outflows can be
attributed to the past high activity of Sgr A* of a duration of ~107
yr, comparable to the reasonable estimation of the lifetimes of
AGNEs.

Diffuse X-ray emission. Muno et al. (2004) studied the diffuse
X-ray emission within ~ 20 pc of the GC in detail using Chandra
observations. The hard component plasma with kT ~ 8keV is
spatially uniform and correlated with a softer component with

Su+’10 DO—Hii
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Q Question: origin of cosmic-rays? Ecr ~ 0.001-0.01 Ebubbie
@ challenge for CR production/propagation?
Q sharp edge — CTA
Q@ uniform surface brightness
Q@ hard spectrum — CTA

Q origin of cosmic-rays beyond the knee?
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