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Maximum energy of particles
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 We are fighting with age and size
 What if there is an acceleration site in the
Galaxy
— 103 times older
— 103 times larger
than typical SNR?

* Will it change everything (anything)?



Fermi bubbles
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Fermi bubbles
Bubbles show energetic spectrum and sharp edges

LN
»
’ '\ L »
/ LN N
1 % -
*
! r l ‘
Y zi& . s
T s 1 :
! I
: i .
’ ' I
; l
o A |
g Bubble spectrum =3 |
£ R I
= = {
2 =y !
() - ,, Bubble emission i Diffuse emission
Spectrum of diffuse s :
gamma-ray emission ) i
0° 20° 40°
1 10 100 .
Energy (GeV) ~ Distance from bubble center

Credit: NASA/DOE/Fermi LAT/D. Finkbeiner et al.

ISVHECRI, Moscow - 2016



...as seen by Planck

Other wavelength counterparts
30 & 44 GHz (red and yellow) vs gamma-rays (blue)

(Planck press-release)
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X-Ray counterpart

Global structure of isothermal X-ray emission along the Fermi bubbles
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Origin of Fermi bubbles

“

p+p-2y+ed IC + synchrotron
a) Crocker & Aharonian, 2010 a)Su et al., 2010
Crocker, 2012 Starburst or jet => giant shock
SN activity + magnetic walls b)Guo & Mathews,2011; Yang et al., 2012
b) Istomin, 2011 Jet + anisotropic diffusion, “ballistic”
Jet + z-dependent diffusion c)Mertsch & Sarkar, 2011
c) Fujita et al, 2013 Fermi-Il acceleration
Shock d)Cheng et al., 2011
d) Thoudam, 2013 Stellar captures => series of shocks
CR injection
Additional leptonic component required In-situ acceleration required
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Origin of Fermi bubbles
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Perfectly fitted by both hadronic and leptonic models!



Hadronic models

* Losses-influenced spectrum of electrons is too
steep!

* Adiabatic losses should dominate over
synchro-Compton — no way

* Additional primary leptonic component is
required (where it comes from? Outflow?)
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First part summary

Gamma-ray and radio emission require
leptonic component (in both type of models)

Life time of electrons is very short — in-situ
acceleration is required

Whole bubble should be a giant acceleration
site (no strong shock — Fermi Il apparently)

BUT: it should also affect CR protons!



Effect of acceleration

E3f

Too hard: not affected by Reaccelerated tail
FERMI-II acceleration appears

- |

3x101° eV

For simplicity assume that CR are only protons
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Reacceleration of Galactic CRs

Reaccelerated CRs (> 3 PeV)

Injection of CRs by SNRs
(below 3 PeV)

Galactic disk *

Galactic center The Earth

* Will both parts join smoothly at “knee”?
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Simulation of the reacceleration
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Spectrum of CRs near the Earth
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Neutrino emission

* |cecube has detected 4-5 out of 28 events
above 30TeV, which may originate from
cosmic rays with energies >10%eV from FB

(Lunardini et al. 2014).

 We expect concentration of CRs towards the
Fermi bubbles!



Distribution of neutrinos and CRs
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Fluxes from different regions

* We define
10° 180°
Icp = j cos 6 dO J d¢ dI,/dQ (¢, 0)
0° 0°

90° 30°
Irp = f cos 6 df f d¢ dI,/dQ (¢, 0)
1

0° 0°
* Then
g/ lep = ;0.05, forny = 10> cm™3
FEITED 0,07, forng = 1072 cm™3




Chemical abundance
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To properly simulate the spectrum information
about cut-off is required.
In simple model cut-off is badly defined
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Conclusion
Fermi bubbles are large acceleration sites that
may accelerate particles

Since the size of the bubbles is huge they
affect the distribution of cosmic rays in the
whole Galaxy

In particular they may form a spectrum of CR
above 10%° eV

Neutrino emission is too low



