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The Extragalactic y-ray background (EGB)

Abdo et al. 2010 PRL.104j1101A

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

Galactic diffuse emission produced via:
-decay of w° produced in protons/interstellar gas collisions
-Bremsstrahlung of relativistic electrons in gas
-Inverse-Compton of relativistic electrons with ISRF.
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| 1451 resolved sources in the first catalogue.
%' 1()—2E -~ power law fit galactic diffuse
= r [ extragalactic diffuse
1 [ . CR background
5 B ———a < sources
ol 2
£
(]
w 107°
K=l
=
o
Pt

Energy [MeV]

77— EGB =

Solar emission
[ |

CR background

The Fermi-LAT has measured the
extragalactic y-ray background (EGB) with a

very good accuracy
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The origin of the EGB

A BLAZARS: 782 detected by Fermi-LAT.
~20% of EGB (Abdo et al. 2010 ApJ 720 435, Ajello et al. 2012 ApJ

G 751 108)

N 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 AGIN.

- AGN classified according to jet orientation

with respect to the l.o.s. (urry, c. M. & Padovani, P. 1
PASP, 107, 803)

- 0 ~ 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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-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).

MAGN(FRLFRII) z b(°) | ceore(oot ) SEGH [1y) (SIEH) [Iy)) r F, 10~ ph/em?/s] LEGH [erpss) Lo, [ergls)
3CTRNGC 1218(D) | 0.0287 | -44.6 0064 1) 0.964 + 0.164 (3.40 £ 0.117%) 1.95 +0.14 4.7+ 1.8 (8.8+ 14)-10 | (1.11+054)- 10"
3C 274/M 870D 0.0038 | 74.5 0(0.79 &) 30971 £+ 0.03007 (TLA66 £ 0.993 %) | 2.17 £0.07 25.8 +£3.5 (4904 005)-10% | (624£1.1)-101

Cen A(D) 0.0009 | 19.4 | 03019 (07019 | 6.984 £ 0.210* (62.837 £ 0.099 1%) | 2.76 £ 0.05 176 + 10 (6194 0.19)- 10% | (1,14 + 009 ) - 101
I NGC 6251(1) 0.0247 | 31.2 0(0.72%) 0.38 £ 0.04 13 (0.5104+ 0.050 1% | 2,20 £0.07 18.2 4+ 2.6 (2574 027)-10% | (1.824+ 041 )- 10%
Cen B(I) 0.0129 | 168 0(0.1315) 273010 (6.58 + 1.0415 2.33 +£0.12 393+114 502 1010 (8.6+32)-10%
For A(I) 000587 | -36.7 | 0.501710.52 1) 0.05117 (71214 2.16 +£0.15 T.T+24 193 1038 (4.6+22)- 101
3C 12001 0.0330 | -27.4 0 (0.4418) 3.458 £ 0.588 1 (8.60 £ 1.461) 2.71 +0.35 20 +17 420+ 071)-10" | (294+16)-10%
PKS0625-35(1)* | 0.0546 | -20.0 0(0.65%) 0.600 £ 0.030% (2.25 £ 0.09 Y 1.93 +£0.09 12.9 + 2.6 (2024 0.10) - 101 | (1.21 £ 043 ) - 101
Pictor A(1T) 0.0351 | -34.6 010714 1.15 + 0.0 (15.45 + 0.471) 2.93 + 0.03 21.9+ 36 (1.58 4+ 0.07)- 101 | (213 + 046 ) - 104
3C 111(ID 0.0485 | -8.61 -{1_200_?35) 11429 (6.637 + 0.9961%) 2.54 +0.19 40+ 8 298 1011 (1.01 £ 038)- 101
3C 207(1))* 0681 | 30.1 0(0.90 %) 0.5391 £ 0.0030% (1.35 £ 0.04 Y | 2.36 £0.11 17.3+ 3.3 (3324 002)- 101 | (2.41 £ 061 )-10%
3C 380(1))* 0692 | 235 0(0.71%) 5073401051 (7454037 Y 2.34 +0.07 30.3+37 (3124 007) - 10M | (444 4+ 073 )-10%
IC 3101 0.0189 | -13.7 | na(075% na. (0.258 £ 0.0312) 2.10 +0.19 11.1 + 6.2 . (79+49)-10%1
3C B4NGC 1275 | 0.0176 | -13.2 (0,789 high variability 2.00 £ 0.02 175+ 8 (1.224£007)- 104
PKS 0943-76(11) 0270 | -17.2 .. upper limits(0.7572%) 2.44 +0.14 19.5 + 5.1 (2474 071)- 101
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THE y-RAY LUMINOSITY FUNCTION

Luminosity function: number of sources emitting d2 N
per unit comoving volume, per unit logarithm of P(L, Z ) — .
luminosity. d log(L) av

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).

p, derived form the radio luminosity function.

-Gy dlog LESE;(L’Y)
py(Ly,2) =k P'nwre(L}*EtIv{re(L"f)’ 2) dlﬂg L
v

We used the radio luminosity function given by Willot et al. 2001.
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| THE CORRELATION BETWEEN y-RAY AND RADIO LUMINOSITY

In order to find p, we obtained the correlation between core radio and y-ray luminosities.

We derived 95% C.L. y-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 T rank correlation test.
We exclude the correlation is happening by chance at the 95% C.L.

log (L) = 2.0040.98 4 (1.008+0.025) log (L2G1%)
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The light pink shaded area is the correlation Correlation is compatible with Fermi-LAT
10 error band. undetected MAGN upper limits.
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Source Count Distribution

We derived the experimental source
count distribution for the 12 MAGN

Nth (} F-'-F') = 4TIT

of our sample and we compared it %

with the theoretical N count.
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Green shaded band: k = 1.
Pink band: N(>FY) for all the

configurations compatible (1o C.L).
with L - L correlation.

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

Our model compatible
with Fermi-LAT source
count distribution.
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THE DIFFUSE y-RAY EMISSION FROM MAGN

- dN/dr spectral index distribution
d*V/dz/d) comoving volume

- We predict a diffuse y-ray flux
due to MAGN of about 1.6-107*
MeV cm™? s™ sr 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.

| AT Zmae Ly mae
- p. y-ray luminosity function FH _ / Y v / aFy (23)
Y(F) = i_LAT effici dedf) r - dl dzdQ) [y de
-w ermi- efficiency i
Y dL- - N
- T, y-ray absorption by extragalactic L, n(10) Pyl 2)(1 = w(F5 (L, 2))) exp (=Taa (€, 2))-
background light (EBL) (Finke 2010, ApJ,
712, 238)
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Contributions to EGB
S S MAGN Calore et al. 2013
STESRG Ao o1 o, 2012 e
PRELIMINARY BL Lac Abdo ot al, 2010 = |
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Total contribution ~ 50% - 100%.

How much room is left for Dark Matter?
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y-ray flux from Galactic DM

ddpon 1 {GU) po dN
22 = — }ann‘&-ﬂ
de 2 47 ’m,y de
DN/de photon spectrum from prompt and J_, geometrical factor for Burkert
Inverse Compton emission. profile.
<gv> annihilation DM cross section. M DM mass.
r_Sun Earth distance: 8.33 kpc p_ local DM density: 0.4 GeV/cm®.
104 - |b] > 10°

- Burkert profile J = 1.50

- <ov> = 2 10°%* cm¥/s, M =1
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DM exclusion plots

We set limits on <ov> varying the level of MAGN emission and fixing to best fit
the other contributions.

102!
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Best fit MAGN

60% Max AGN

107 PRELIMINARY himWal == 4 < DM annihilation in channel with
| quark b.
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DM annihilation in electron channel. —»

M, [GeV]

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

* We have calculated the diffuse y-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 y-ray and leptons.
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AGN EMISSION MECHANISM

Synchrotron self-Compton (SSC)

The high energy hard X-ray and y-ray is usually explained as
arising from inverse Compton scattering of the same electrons
producing the synchrotron emission.

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.

Hadronic models

v-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.
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Millisecond pulsars:
Calore et al. 2012
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Sample of isolated MSP. Pulsar

present in galactic globular
cluster have not been considered
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Star Forming Galaxies:
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- Thompson et al. 2007 (T" = 2.2)
8 —— — Fields et al. 2010 (Density-evolution)
107 F - - - - Fields etal. 2010 (Luminosity-evolution) ~.
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DM annihilation in channel with quark b.

o ' - RGbaﬁdunglgrtaianty' —

RG UL flux (<ov>=3 10 “"cm™/s)
EGB flux + 26

PRELIMINARY

)
no
1

/

l.q)yF{G,max [%]

component

Y

P

10°

10" 10?
M, [GeV]

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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