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The Extragalactic The Extragalactic γγ-ray background (EGB)-ray background (EGB)

Galactic diffuse emission produced via:
-decay of πo produced in protons/interstellar gas collisions
-Bremsstrahlung of relativistic electrons in gas
-Inverse-Compton of relativistic electrons with ISRF.

The Fermi-LAT has measured the 
extragalactic γ-ray background (EGB) with a 
very good accuracy

LAT counts above 300 MeVLAT counts above 300 MeV

Resolved SourcesResolved Sources

Galactic diffuseGalactic diffuse

The Fermi Large Area Telescope provides a view of the 
entire gamma-ray sky from 30 MeV to hundreds GeV.

1451 resolved sources in the first catalogue.

Abdo et al. 2010 PRL.104j1101A
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The origin of the EGBThe origin of the EGB
BLAZARS: 782 detected by Fermi-LAT.
~ 20% of EGB (Abdo et al. 2010 ApJ 720 435, Ajello et al. 2012 ApJ 
751 108)

NON BLAZARS: 15 sources resolved in 2FGL. 
~ 25% of EGB (Inoue 2011ApJ 733 66I).

STAR FORMING GALAXIES: 4 detected.
4% - 23% of EGB  (Ackermann et al. 2012ApJ 755 164A).

MILLISECOND PULSARS: about 47 detected.
Small contributions expected (Siegal-Gaskins et al. 2010).

DARK MATTER ANNIHILATION: Potential non negligible 
flux dependent on nature of DM, cross-section and 
structure of DM distribution.
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Misaligned AGN.Misaligned AGN.

-15 detected MAGN in the first and the second LAT catalogues. 10 FRI and 5 FRII 
galaxies (Abdo et al. 2010 ApJ,720,912,  Ackermann et al. 2011 ApJ,743,171).

- AGN classified according to jet orientation 
with respect to the l.o.s. (Urry, C. M. & Padovani, P. 1995, 
PASP, 107, 803)
                                                                                 
- θ ~ 14◦ indicates the separation between 
blazars and non-blazar, misaligned, objects.

- radio galaxies on average jet pointing at > 44◦ 
from our l.o.s., while MAGN below this angle 
are generally identified with quasars (QSRs)
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Luminosity function: number of sources emitting 
per unit comoving volume, per unit logarithm of 
luminosity.

ρ
γ
 derived form the radio luminosity function. 

Bulk of the radiation is generated via synchrotron self-
Compton (SSC) or external inverse Compton (EC) scattering 
close to the center of the source (the core).

We used the radio luminosity function given by Willot et al. 2001.

THE γ-RAY LUMINOSITY FUNCTIONTHE γ-RAY LUMINOSITY FUNCTION
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In order to find ρ
γ
 we obtained the correlation between core radio and γ-ray luminosities.

The light pink shaded area is the correlation 
1σ error band.

Correlation is compatible with Fermi-LAT 
undetected MAGN upper limits.

We derived 95% C.L. γ-ray upper limits on a sample (Ghisellini et al. 2005 M. 2005, A&A, 432, 401, 

Kataoka et al. 2011, ApJ, 740, 29) of undetected MAGN using Fermi-LAT data.    

We computed a partial correlation analysis and a modified Kendall τ rank correlation test. 
We exclude the correlation is happening by chance at the 95% C.L.

THE CORRELATION BETWEEN γ-RAY AND RADIO LUMINOSITYTHE CORRELATION BETWEEN γ-RAY AND RADIO LUMINOSITY

PRELIMINARY PRELIMINARY
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Source Count DistributionSource Count Distribution
We derived the experimental source 
count distribution for the 12 MAGN 
of our sample and we compared it 
with the theoretical N count.

Green shaded band: k = 1. 
Pink band: N(>F

γ
) for all the 

configurations compatible (1σ C.L). 
with L

γ
- L

r,core
 correlation.

Cyan band: N(>Fγ) for all the 
configurations in pink band and 
compatible (1σ C.L.) with 
experimetal N count.

Our model compatible 
with Fermi-LAT source 
count distribution.

PRELIMINARY
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THE DIFFUSE γ-RAY EMISSION FROM MAGNTHE DIFFUSE γ-RAY EMISSION FROM MAGN

- dN/dΓ spectral index distribution
- d2V/dz/dΩ comoving volume
- ρ

γ
 γ-ray luminosity function 

- ω(F
γ
) Fermi-LAT efficiency

- τ
γγ
 γ-ray absorption by extragalactic

  background light (EBL) (Finke 2010, ApJ,    
  712, 238)

- We predict a diffuse γ-ray flux 
due to MAGN of about 1.6·10−4 
MeV cm−2 s−1 sr−1 at 1 GeV.         
- The uncertainty band is nearly a 
factor of ten.                       
- At all Fermi-LAT energies, the 
best fit MAGN contribution is 
20%-30% of the EGB flux. 

PRELIMINARY
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Contributions to EGBContributions to EGB

Total contribution ~ 50% - 100%.Total contribution ~ 50% - 100%.

How much room is left for Dark Matter?How much room is left for Dark Matter?

MAGN

BL LAC

MSP

SF

FSRQ

PRELIMINARY
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γγ-ray flux from Galactic DM-ray flux from Galactic DM

DN/dε photon spectrum from prompt and 
Inverse Compton emission.

J
ann

 geometrical factor for Burkert 
profile.

<σv> annihilation DM cross section. M
χ
 DM mass.

ρ
סּ
 local DM density: 0.4 GeV/cm3.r

סּ
 Sun Earth distance: 8.33 kpc

- |b| > 10o  

- Burkert profile J
ann 

= 1.50 

- <σv> = 2 10-24 cm3/s, M
χ
 = 1 

TeV and b channel 

PRELIMINARY
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DM exclusion plotsDM exclusion plots
We set limits on <σv> varying the level of MAGN emission and fixing to best fit  
the other contributions.

DM annihilation in channel with 
quark b.  

DM annihilation in electron channel. 

If the MAGN contribute more than 65% of the predicted maximal flux, the 
constraints on <σv> would set much below the thermal decoupling cross section.

PRELIMINARY
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ConclusionsConclusions
● We have calculated the diffuse γ-ray flux from unresolved 

MAGN.

● We have estimated the possible theoretical uncertainties 
(about a factor of ten).

● MAGN flux could contribute from 10% up to 100% of 
EGB.

● MAGN diffuse flux may strongly constrain the Galactic 
DM annihilation cross section into γ-ray and leptons.  
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AGN EMISSION MECHANISMAGN EMISSION MECHANISM

External Compton (EC)
These electrons could interact also with external photons originating in the 
local environment. The soft photons can be produced directly by the 
accretion disk or indirectly, for instance those reprocessed by broad line 
region (BLR) or by the dust Torus.

Synchrotron self-Compton (SSC)
The high energy hard X-ray and γ-ray is usually explained as 
arising from inverse Compton scattering of the same electrons 
producing the synchrotron emission. 

Hadronic models
γ-rays are produced by high-energy protons, either via proton 
synchrotron radiation or via secondary emission from photo-pion and 
photo-pair-production reactions, have also been proposed.



 

BACKUP

FSRQ: Ajello et al. 2012

BL LAC: Abdo et al. 2010
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Star Forming Galaxies: 
Ackermann et al. 2012

Millisecond pulsars: 
Calore et al. 2012

Sample of isolated MSP. Pulsar 
present in galactic globular 
cluster have not been considered
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DM annihilation in channel with quark b.  
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PRELIMINARY

Fraction of MAGN respect to the theoretical maximal 
contribution required to predict an annihilation cross section 
equal to the decouplig one.
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