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Residual intensity, £ = 10 — 500 GeV

The Fermi Bubbles

2 Galactic bubbles emitted from above and below the
Galactic plane- relatively uniform in brightness.
Observed to have a hard photon index (I'~2.2)
Suggested to have a luminosity of

L,(0.1-500 GeV) ~ 4x10%7 erg s™

Recent eRosita results suggest that Fermi bubble
structures are a subset of even larger (10% erg of hot
thermal gas) structure
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Previous Considered Options

AGN driven outflow =—
SF driven outflow

Leptonic origin
Hadronic origin

Although fast and slow outflows are generally
considered, these are generally adjectives are relative-
assumed to all be supersonic outflows (hence the
change to the gas density distributions in the plots
shown)
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Why Consider Slow Outflows?

X-ray observations of bright AGN indicate the

presence of a hot local absorber (WIM).

These results are consistent with expectations if the halo gas

is in hydrostatic equilibrium
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More recently, the ram pressure stripping of
satellite galaxies + emission from the hot

absorber have been collectively used to probe
the halo gas.
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If the Galaxy possessed a
supersonic wind, the gas density
far out would be much lower than
that observationally inferred.



Velocity Flow within the Bubble Structures
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v(z~10 kpc) = 150 km s

Exhibits a smooth deceleration profile
at large latitudes, -3.3 km s deg"
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Inputs for Hydrodynamical Calculation:
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Isothermal temperature distribution adopted

kT = 0.4 keV
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Constraint on slope and
normalisation of Galactic potential
provided by GAIA observations

1071 4

m-3

1073 4

1074 4

100 10! 10?
z (kpc)

For hydrodynamical simuiauons, gas aensity startea orr in
hydrostatic equilibrium distribution

Assumed a heating process exists throughout the
simulation volume that keeps the gas hot (with an

isothermal temperature)

Gas inflow velocity at inner radial boundary, v~100 km s’



Thermally Driven Outflows
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For a spherically symmetric
(isothermal) thermally driven outflow
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Subsonic Outflow Solution

Comparison of the line-of-sight
velocities from the subsonic outflow

2D distribution of the steady-state velocity structure results with observational results

produced from isotropic inner boundary conditions
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. i i Very high energy gamma-ray emission
Cosmic Ray Transport Description

map from the Central Molecular Zone

The spectral energy distribution of this

24 — gamma-ray emission
e
|
7)) ¢1°-|o
2.2 KO dN o —
E IE C — X O‘e (p/pmax)
§ 0t p
2.0 & 3 P dp
1.8 = 2
"{ & 10"
16 oZ
142
: o
—
1.2 g 102
1.0 [ [ pifiuse emission (x 10)
| —— Model (best fit): Diffuse emission
~—— - Model: Diffuse et = 2.9 PeV
[ ----- Model: Diffuse emissi
Model: Diffuse emissi
10|~ [ HESS J1745-290
F —— Model (best fit): HESS J1745-290
C 1 | 1 1 ‘
DESY.

HESS Coll, Naturd 531 (2016)°  energy rowy



Cosmic Ray Transport Description

Density map of 10-30 GeV cosmic rays
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b=30°-40"

Gamma-Ray Emission (1-3 GeV) 7
o
Cosmic rays are injected at the Galactic center with a c £
luminosity of 6x103% erg s 5
The gamma-ray emission brightness matches that 5
observed by Fermi-LAT. The morphology is similar, I
though somewhat broader (in longitudinal distribution) .
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Conclusions

The Fermi bubble structures appear to be a subset of larger scale outflow structures (eRosita bubbles and
WIM material)

A subsonic outflow would not significantly alter the Galaxy’s gas distribution, explaining why the gas
distribution in the extended Galactic halo appears to be in hydrostatic requilibrium

A slow outflow would also be compatible with the velocity profile of the gas within the Fermi bubble structures

The cosmic rays distribution, resulting from their transportation away from the Galactic center region, within
the slow advection flows, leads to lobe-like structures

Gamma-ray emission from these cosmic rays with the Galactic gas leads to Fermi bubble-like emission
maps
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Subsonic Outflow
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Ratio of Pressures

0.00
14
—-0.25
12
—0.50
10 —_
-0.75 5| &
a o
8 ey
-1.00 9
6 (@)]
-125 O
4 -1.50
2 -1.75
0 —2.00
0 2 4 6 8 10 12 14

R [kpc]

z[kpc]

DESY.



Very high energy gamma-ray emission
map from the Central Molecular Zone

The Galactic Center Connection
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