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UNRESOLVED EMISSION 
FROM MISALIGNED ACTIVE 

GALACTIC NUCLEI

Diffuse γ-ray emission from misaligned 
active galactic nuclei.                                                                                               

M. Di Mauro, F. Calore, F. Donato, M. 
Ajello, L. Latronico.                                     

arXiv:1304.0908. 2014 ApJ 780 161



MAGN AGN

• Luminosity function: number of sources emitting per unit comoving volume, per unit of 
luminosity. 

!
!
!

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

• ργ derived form the radio luminosity function. We used the total luminosity function given 
by Willot et al. 2001.

• MAGN are RG and SSRQ AGN which have a jet orientation misaligned respect to 
the line of sight (φ>14°).  

• 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).



RADIO-Ɣ CORRELATION
• In order to find ργ we obtain the 

correlation between core radio and γ-ray 
luminosities. 
!
!

• We derive 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. 
!

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

• We computed a partial correlation analysis 
and a modified Kendall τ rank correlation 
test. 
!

• We concluded the correlation is 
happening by chance at the 95% C.L.



SOURCE 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.

Our model compatible 
with Fermi-LAT source 
count distribution.

Green shaded band: k = 1.  
Pink band: N(>Fγ) for all the configurations 
compatible (1σ C.L) with Lγ- Lr,core 
correlation. 
Cyan band: N(>Fγ) for all the 
configurations in pink band and compatible 
(1σ C.L.) with 
experimetal N count.



EBL ABSORPTION

We checked that using the opacity of Franceschini et al. 
(2008) or Gilmore et al. (2012) would have a negligible impact 
on our results.

High-energy 𝜸-rays ( > 20  GeV) propagating in the Universe could be 
absorbed by the interaction with the extragalactic background light 
(EBL)

We adopt the attenuation model of 
Finke et al. (2010).

We include the cascade emission from high-energy 𝜸-rays and accounting for the first generation of 
electrons produced from the interaction of 𝜸-rays with the EBL.

The 𝜸-ray absorption creates e+e- pairs, which can scatter 
off the CMB photons through inverse Compton (IC) yielding a 
secondary cascade emission at lower 𝜸-ray energies. 



THE DIFFUSE γ-RAY EMISSION FROM MAGN

• dN/dΓ spectral index distribution 
• d2V/dz/dΩ comoving volume 
• ργ γ-ray luminosity function 
• ω(Fγ) Fermi-LAT efficiency 
• τγγ 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 IGRB flux.



BLLAC EXPECTED CONTRIBUTION TO IGRB

• Fermi-LAT collaboration is going to publish new data on the IGRB up to 800 GeV. 
• High energy data are not explained by the current study of MAGN, Pulsars, SFG and FSRQ. 
• The sources population could contribute in a so high energy range should be near (low 

redshift) and with an hard spectra. 
• BL LAC AGNs could be the perfect candidates to contribute with a sizable flux at these 

high energy.   
• These new data are useful also to constraint the indirect dark matter search.

High-energy γ rays absorption 
due to the interaction with the 
extragalactic background light. 

High redshift sources 
(deep absorption)
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UNRESOLVED EMISSION 
FROM BL LACERTAE AGN

Diffuse γ-ray emission from BL Lac blazars.                                                                                                                      
M. Di Mauro, F. Donato, G. Lamanna, D. A. 

Sanchez, P. D. Serpico.                           
arXiv:1311.5708. Submitted to APJ. 



SED ANALYSIS
• We have considered the 2FGL catalogue (Nolan et al. 2012 ApJS 199 31N), 

• The first high energy Fermi Catalog (2013arXiv1306.6772T) and 

• for HSP also the TeV catalogue (http://tevcat.uchicago.edu). 

• We tried to fit the spectra with: 

•  a simple power law 

• a log-parabola and 

• simple power law + exponential cut off 

• All spectra data are corrected for the EBL absorption.

http://adsabs.harvard.edu/abs/2012ApJS..199...31N
http://adsabs.harvard.edu/abs/2013arXiv1306.6772T


LSP/ISP/HSP
• We have considered the LSP in the 2FGL with a SED classification, a measured redshift and with F𝜸 > 

1.5・10−8 photons cm−2 s−1 to avoid photon spectral index bias of Fermi-LAT. 

• The sample of LSP/ISP/HSP is made of 19/21/23 sources. 

• Γ = 2.18±0.12, Γ = 2.15±0.14, 1.89±0.15 for LSP/ISP/HSP with a power-law spectra. 

• Spectra in agreement with a power-law Γ=2.08±0.13, Γ=2.07±0.14, Γ=1.86±0.16 with an exponential cut 
off Ecut=34+85-20 GeV, Ecut=39+80-20 GeV and Ecut=910+1100-450 GeV for LSP/ISP/HSP. 

• The average value of the photon index considering a simple power-law is softer than the case of a 
power-law with an exponential cut-off (except for HSP), confirming the presence of a turnoff in their 
spectra. 

Only 1 newly 
announced LSP in the 

TeV catalogue.

Only 7 ISP in the TeV 
catalogue.

41 HSP are in the TeV 
catalogue!!!



• BL LAC blazars are divided into LSP, ISP and HSP respect to the position of the synchrotron peak. 

• BL LAC diffuse ɣ-ray emission could be found considering separately LSP, ISP and HBL with a 

spectra of a power-law and an exponential cut off. 

!
!
!
!

• LSP: Γ = 2.08±0.13 and Ecut =34+85-20 GeV 

• ISP: Γ = 2.07±0.14 and Ecut =40+80-20 GeV 

• HSP: Γ = 1.86±0.16 and Ecut = 910+1100-450 GeV

BL LAC POPULATION

LISP: Γ = 2.05±0.16 and Ecut =40+100-30 GeV

PLEC 
BEST FIT



Ɣ-RAY LUMINOSITY FUNCTION
• We have considered the BL Lac of the 2FGL catalog with a measured redshift, a SED classification. 

The sample is composed by 80 HSP, 34 ISP and 34 LSP. 

• The space density of BL Lac is defined by: 

!

!

• In order to find ρ we take into account three theoretical functions: the Pure Luminosity Evolution 
(PLE, Hasinger et al. 2005; Ueda et al. 2003), the Luminosity-dependent Density Evolution (LDDE, 
Ueda et al. 2003) and the Steep-Spectrum Radio Sources (SSRS, Willott et al. 2001) models. 

• For each model we find the values of the parameters in order to fit the data.

Theoretical

Experimental



BL LAC DISTRIBUTIONS

LDDE the best model to represent 
the luminosity function.

HSPs have a narrow redshift distribution peaked 
around 0.2, while the LISPs have a broader 
distribution which extends to z ≈ 2.

The source count distribution shows that there are 
more high-flux LISPs than HSPs, while the opposite 
trend is present for low values of Fγ.

We expect therefore the bulk of the flux to be due 
to HSPs, which are much more numerous than LISPs 
for very low Fγ 

LSPs are more luminous than HSPS



DIFFUSE EMISSION FROM BL LAC
• We compute the diffuse γ-ray emission from unresolved BL Lac both when treated as a unique 

population, as well as considering the two sub-populations of LISP and HSP separately.  

• The high energy LISP and HSP flux is shaped by the cut-off of the SEDs, while for the case of the 
BL Lacs treated as unique population only the γ-rays EBL absorption intervenes in softening the 
spectrum 

• The contribution from the cascade emission amounts to no more than ∼30% of the primary flux, 
and additionally in the GeV range where the BL Lac contribution to the IGRB is anyway 
subdominant.

Our best estimation seems 
to fully account for the 
measured IGRB at Eγ >50 
GeV!!!!

The estimated contribution 
to the measured IGRB 
between 100 MeV and 100 
GeV amounts merely to ∼11% 
of the Fermi-LAT data.



COMPOSITION OF IGRB

The sum of the diffuse ɣ-ray emission from unresolved MSP, SF, FSRQ, MAGN 

and BL Lac sources could account from 45% up to 100% to the measured IGRB in 
the range 200 MeV - 400 GeV.
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DARK MATTER ANNIHILATION 
CONSTRAINTS

Constraining dark matter annihilation with the isotropic γ-ray 
background: updated limits and future potential.                                                                                           

Torsten Bringmann, Francesca Calore, Mattia Di Mauro, Fiorenza 
Donato. arXiv:1303.3284. Accepted in PRD. 



ɣ-RAYS FROM GALACTIC DARK MATTER

• dN/dEɣ: photon spectrum from Prompt and Inverse Compton (IC) emission. 

• I(ψ): geometrical factor for Burkert profile. 
• <σv>: annihilation DM cross section.  
• Mχ: DM mass  
• ρ⦿: local DM density: 0.4 GeV/cm3. 

• r⦿ Sun-Earth distance: 8.33 kpc

H. Bengtsson, P. Salati, and J. Silk, Nuclear Phys. B 
346, 129 (1990). 
L. Bergstrom, P. Ullio, and J. H. Buckley, Astropart. 
Phys. 9, 137 (1998), 9712318. 
A. Bottino, F. Donato, N. Fornengo, and S. Scopel, Phys. 
Rev. D 70, 015005 (2004), 0401186.

bb channel <σv> = 2 10-24 cm3/s Mχ = 1 TeV



PROCEDURE
• We derive conservative limits on ⟨σv⟩ by requiring that the total ɣ-ray flux does not exceed any of 

the Fermi-LAT data points (Abdo et al., Phys. Rev. Lett. 104) by more than nσ. 

• We have considered four different parametrization for the background:  

• Minimal contribution (2σ) 
• best fit contribution (2σ) 
• high background one with 60% of maximal contribution from MAGN (2σ). 
• and two with 85% of maximal contribution from MAGN (3σ). 

• Consider the ɣ-rays produced through IC scattering is significant for leptons channels.  



DM CONSTRAINTS

If MAGN contribute more than 60% of the maximal level 
thermally produced WIMPs would be severely constrained as 

DM candidates for masses up to several TeV.

The IGRB has the potential to be one of the most competitive future ways to test the 
DM WIMP hypothesis, once the present uncertainties are even slightly reduced.



THE FUTURE STRATEGY

-DERIVE THE DIFFUSE GAMMA RAYS EMISSION FROM MAGN WITH 
SMALLER UNCERTAINTIES. 
!
-TAKE INTO ACCOUNT IN THE DARK MATTER PRODUCTION OF GAMMA RAYS 
ALSO THE DIFFUSION PROCESSES. 
!
-DERIVE NEW UPPER LIMITS CONSIDERING THE NEW IGRB THE FERMI 
COLLABORATION IS GOING TO PUBLISH THIS YEAR.



SECOND PART
ORIGIN OF POSITRONS 

AND ELECTRONS 
COSMIC RAYS

BASED ON

Interpretation of AMS-02 electrons and positrons data. 
M.D.M., F. Donato, N. Fornengo R. Lineros and A. Vittino

Crab Nebula supernova 
remnant optical (HST, 
NASA/ESA)



AMS-02

Using the data collected during more than 2 years the AMS Collaboration 
presented at ICRC 2013 new physics results on: 

• Proton spectrum from 1 GV to 1.8 TV and searches for spectral breaks 
• Helium spectrum from 2 GV to 3 TV and searches for spectral breaks 
• Electron spectrum from 1 GeV to 500 GeV 
• Positron spectrum from 1 GeV to 350 GeV 
• Positron+Electron spectrum from 0.5 Gev to  700 GeV 
• B/C ratio from 0.5 GV to 500 GV 
• Positron fraction and Positron fraction anisotropy (update with respect to the 

PRL paper).

The Alpha Magnetic Spectrometer 
(AMS-02) is a state-of-the-art 

particle physics detector designed 
to operate as an external module on 

the International Space Station.  

http://www.ams02.org/2013/07/new-results-from-ams-presented-at-icrc-2013/



POSITRONS AND ELECTRONS SPECTRA

http://www.ams02.org/2013/07/new-results-from-ams-presented-at-icrc-2013/
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SOURCE OF POSITRONS AND ELECTRONS

• Secondary production: electrons and 
positrons originate from the spallation 
reactions of hadronic CR species with the 
interstellar material.  

• Supernova remnants are believed to be the 
major accelerators of charged particles up 
to very high energies, via a first-type Fermi 
mechanism.  

• Pulsars, rapidly spinning neutron stars with a 
strong surface magnetic field, are 
considered to be among the most powerful 
sources of electrons and positrons in the 
Galaxy. 

• Dark Matter can also be an exotic source of 
positrons and electrons.

Crab Nebula pulsar 
wind nebula optical 
(HST, NASA/ESA)

Cassiopea A 
supernova remnant 
optical (HST, 
NASA/ESA)

Proton interaction 
with helium



ELECTRONS AND POSITRONS PROPAGATION

Electron density  Energy-dependent 
diffusion coefficient

 Source term. Energy-loss term

• The above equation can be solved numerically, e.g.  by means of the public code GALPROP which 
treats CR nuclei and electrons in the same framework.   

• We adopted instead a semi-analytical propagation modeling including a full relativistic calculation 
of the energy losses and the time-dependent solution which has to be used when dealing with 
local sources.

Fully relativistic 
inverse Compton  
regime

-SNRs 
-PWNs 
-Secondary production 
-Dark matter

Delahaye 2010 A&A 524, A51

Convection and reacceleration could be neglected above a few GeV, so that the propagation of 
electrons can be expressed as:

Delahaye et al. (2009) 



Assuming that spatial diffusion and energy losses are isotropic and homogeneous, the steady-state 
Green function in an infinite 3D space is:

Interstellar (IS) flux at the Earth:

Delahaye 2010 A&A 524, A51

Donato Phys. Rev. D 69, 063501

SOURCE ELECTRONS AND POSITRONS PROPAGATION

20 kpc1-15 kpc

Propagation parameters constrained by the 
MIN MED and MAX model:



SECONDARY PRODUCTION
• Secondary electrons and positrons originate from the spallation 

reactions of hadronic CR species (mostly protons and α particles) 
with the interstellar material (mostly made of hydrogen and 
helium).  

• Since secondary positrons and electrons originate from positively 
charged ions, the charge conservation implies a greater 
production of positrons with respect to electrons.  

• The steady state source term for secondaries has the form:

• where nISM is the interstellar gas density,  

• the primary incoming CR fluxes are denoted by ΦCR 

• and dσ/dEe refers to the inclusive nucleon nucleon cross section.  

• we have computed the source term by fixing here the proton and helium primary fluxes 
to the new measurements of AMS-02.



FIT TO PROTON AND HELIUM
• A power-law in kinetic energy and rigidity plus solar modulation does not provide an adeguate fit. 

!
• We have fitted the spectra of proton and helium considering as interstellar flux the following 

function:
Φ(T/n) = K ß(T/n)a R(T/n)b

• where ß=v/c and R is the rigidity. 

• The interstellar flux with a solar modulation parametrized with a fisk potential φ fit.

bproton = -2.823 ± 0.005 

bhelium = -2.690 ± 0.004 

φ = 0.615 ± 0.029 MV

Φ(T/n) = K (T/n)bΦ(T/n) = K R(T/n)b



ELECTRONS FROM SNR
• SNR in our Galaxy are believed to be the major accelerators of charged particles up to very high energies (at 

least 102 TeV), via a first-type Fermi mechanism.  

• The mechanism of acceleration of CRs through non-relativistic expanding shock-waves, activated by the star 
explosion, predicts power-law spectra with a cutoff at high energies:

• Q0 is the normalization of the spectrum, γ is the power-law index, Ec is the cutoff energy. We fix Ec = 2 TeV, 
and E0 = 1 GeV.  

• The value of Q0 can in principle be estimated from radio data on single sources, assuming that the radio flux Br 

at a specific frequency ν is entirely due to synchrotron emission of the ambient electrons in the SNR magnetic 
field B:

d is the distance of the source from the observer.



ELECTRON FLUX FROM SNR

• We divide the SNR population into a near component, for 
sources (d ≤ 3 kpc) and a far component. 

• In the catalog we find 41 near SNRs, out of which only 
35 have measured parameters. 

• The far-SNR population is instead treated as an average 
source population, with typical parameters (Q0 and γ) 
fixed a priori according to our analysis, and following the 
radial profile of Lorimer 2004.

Green Catalog: the most complete SNR catalog with 265 
SNRs (88 objects with distance measurement).  

The average values for the relevant parameters for those 
88 SNRs are:  

• ⟨α ⟩ = 0.50 ± 0.15, 

• ⟨γ⟩ = 2 · ⟨γr⟩ + 1 = 2.0 ± 0.3  

• and fixing B = 30 µG, ⟨Q0⟩ = 9.0·1049 GeV−1  

• total emitted energy ⟨E* · f · Γ*⟩ = 8.9 × 1050 GeV 
= 1.4 × 1048 erg.

D. A. Green Bulletin of the Astronomical Society of India 37 (Mar., 2009) 45–61 
D. R. Lorimer 2004 vol. 218 of IAU Symposium, p. 105, 2004 



SNR CONTRIBUTION
• The electron flux from the nine most powerful and close (< 3 kpc) SNRs, from the far (> 3 kpc) SNRs and the 

the sum of all the SNR components are shown together with their sum of all the SNR components. 

• The electron flux is also displayed with Vela and Cygnus Loop give the largest contribution to the near 
component. 

• The near component contribute to the high energy while the far component contribute in the entire energy 
range.

• B = 30 µG  
• γ = 2.38 Q0 = 2.74 × 1050 

GeV−1 for the far 
component. 

• γ and Q0 for the near 
component from the catalog



PWN EMISSION MECHANISM

What is usually assumed is that the accelerated particles are completely released into the interstellar medium 
(ISM) in a time not greater than 50 kyr. Since this injection is assumed to be quite fast and the subsequent 
energy emission of the pulsar negligible, a mature pulsar can be treated as a burst-like source of e±.

Rotating magnetic field of the 
pulsar generates can tear particles 
apart from the neutron star 
surface. These charged particles 
induce an electromagnetic cascade 
that, in turns, produces again 
particle/antiparticle pairs.

The wind is initially located inside 
the SNR. The impact of the 
relativistic wind produced by the 
pulsar on the much slower ejecta of 
the SNR usually creates a 
termination shock that propagates 
backwards, towards the pulsar. 

In the region bound by the wind 
termination shock on one side and 
the ejecta on the other side, a 
bubble of relativistically hot 
magnetized plasma is created: this 
is the so-called pulsar wind nebula 
(PWN). 

The termination shock is the place 
where the incoming pairs are 
accelerated to very high energies. 
After acceleration, these 
particles enter the PWN and then 
are trapped by the PWN magnetic 
field.



PWN CONTRIBUTION
• The spectrum of electrons and positrons trapped inside the PWN can be inferred by observing their broadband 

emission which is due to synchrotron radiation (at low energies) and to inverse Compton (IC) scattering off 
background photons (at higher energies).  

• There are large uncertainty that surrounds the parameters related to the e± flux produced by a PWN.  

• For the computation of the flux of e± emitted by pulsars, we consider a source spectrum of the same form as 
the SNR (Ec =2 TeV). The normalization of the spectrum, Q0 can be fixed through the total spin-down energy 
W0 emitted by the pulsar:

η is the efficiency of the conversion of the total spin down energy into electrons and positrons. 
The total spin-down energy W0 can be expressed as:

γPWN and η are the same for all the PWN.

the spin-down luminosity

Present age of 
the pulsar

typical pulsar 
decay time



PWN CONTRIBUTION
• Positron flux from the nine most powerful pulsars of the ATNF catalog, along with their sum and the sum of 

the fluxes of all the pulsars of the catalogue. 

• Geminga, J2043+2740, B0355+54, Monogem and J0538+2817 are the most powerful PWNs in the ATNF 
catalog. 

• The flux of the nine most powerful PWN is more or less the same respect to all the other sources of the 
catalog.

• Galactic propagation with the 
med model; solar modulation 
parameter φ = 830 MV. 

• γ = 1.90, η = 0.032 for all 
PWNs.  

• Q0 found from the values of 
the ATNF catalog.



SOLAR MODULATION
• In order to calculate the flux of a charged cosmic ray species at Earth, one has to take into account the effect 

of the solar wind. We adopt in this paper the effective theory of a spherically symmetric and charge-independent 
force field.  

• In this simplified model, the net effect of the solar wind is an electric potential generated by the Sun leading to 
an energy loss of each charged particle.  

• Then the flux ΦTOA at the top of the Earth's atmosphere TOA is related to the interstellar flux IS ΦIS  through:

TIS = TTOA + (|Z|/A) φ
T kinetc energy per nucleon, 
m proton mass, A atomic 
number.



FIT TO AMS-02 DATA ON ELECTRONS AND 
POSITRONS

• We make a fit on the electrons, positrons, electrons+positrons and positron fraction spectra measured by 
AMS-02. 

• For the SNRs electrons emitted by the far (> 3 kpc) population we leave the spectral index γ and the overall 
normalization Q0 as free parameters.  

• The ATNF catalog PWN are included by making the simplifying hypothesis that they all shine with a common 
spectral index γPWN and efficiency η. 

• The secondary positrons and electrons are computed from the observed primary p and He and we allow the 
normalization to be adjusted by an overall renormalization factor that we call here q. 

• Finally alle the above cited spectra are the interstellar so they must be modified according to the solar 
modulation parametrized with a Fisk potential φ. 

• In summary, the free parameters of the model are: γ,Q0 ,γPWN ,η ,q and φ. We jointly fit all the four datasets 
together and we derive a 3σ uncertainty band. 

γPWN = 1.90 ± 0.03 
η = 0.0320 ± 0.0016 
γ = 2.382 ± 0.004 

φ = 0.830 ± 0.008 GV 
q = 1.080 ± 0.026 

Q0 = (2.748 ± 0.027) 1050 GeV-1

• The normalization of the secondary electrons and positrons 
is equal to one. 

• SNRs are softer than PWNs as expected.  
• Q0 for SNRs is similar to the medium value found from the 

Green catalog for the near component (9.0·1049 GeV−1). 
• The efficiency of the PWN is 3.2% compatible with 

astrophysical expectations. 
• The reduced χ2 is 0.66 confirming the goodness of the 

model.



FIT TO AMS-02



CONSTRAINTS ON THE PROPAGATION 
PARAMETERS

• The spectra of positrons can be used to constraints the propagation parameters 

• We have taken into account the min/med/max propagations models for the positrons from 
secondary production and emitted by PWN and we have fitted them with positrons data. 

• We have considered as free parameters only the Fisk potential (in the range 0.6-1.0 GV) for the low 
energy solar modulation and the index and efficiency of PWNs. 

• We have fixed to 1 the normalization q of secondary positrons.

• Only the med model can account the 
positron spectra with a φ = 0.77 GV. 

• The best fit values of the Fisk potential are 
for the max and min models the lowest (0.6 
GV) and highest (1 GV) permitted in the 
calculation. 

• The min (max) model is at low energy higher 
(lower) respect data. 

• In order to be consistent with data 
secondary positrons should be renormalized 
with a factor of 0.85 (1.79). 

• Min and max models are disfavored!!!!



HIGH ENERGY TREND
• We have analyzed the possible trend of the spectra for very high positrons energy modifying 

the cut off energy of PWNs. 

• The PWNs energy cut off is not directly measured by is expected to be in the range 1-10 TeV. 

• Even with very high energy cut off values (10 TeV), the increasing of positrons and positrons 
fraction spectra for E > 300 GeV is disfavoured. 

• A future increasing of the measured spectra could be a signal of an unexpected source of 
positrons.
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SINGLE SOURCE ANALYSIS
• The rising of the positron fraction measured by AMS-02 and Pamela could be due to PWNs. 

• Supposing the contribution is due to the emission of only or at least mainly one source, what should 
be the age, distance, index and emitted energy of this source? 

• We have varied the parameters of a fake source and we have found the space of parameters the 
PWN should have to fit all the four spectra of electrons and positrons up to 3σ. 

• Each color represent a decade in 
ηW0. 

• Each panel is valid for a fixed 
value of the spectral index γPWN. 

• The point are the PWNs of the 
ATNF catalog. 

• The gold point are the near and 
young PWNs of the ATNF 
catalog.



SINGLE SOURCE ANALYSIS RESULTS

• Nine sources have an age and a distance compatible with the 3σ region of compatability with 
AMS-02. 

• However only three of them fit AMS-02 data with an emitted energy W0,fit which is compatible with 
the catalog W0,fit value so that the efficiency is minor than 1. 

• The emitted power derived from the ATNF catalog could not be the exact value of the source so 
we have considered all the source with η<3. 

• Only five sources among the 2302 of the ATNF catalog have η<3 and are compatible up to 3σ with 
AMS-02 data !!!!



GEMINGA



MOST POWERFUL SOURCE ANALYSIS
• The rising of the positron fraction measured by AMS-02 and Pamela could be due to PWNs. 

• Here we consider the five most powerful sources.  

• We have varied the efficiency η and the index γPWN independently for each PWNs and we have 
found all the configurations which are compatible up to 3σ with the four spectra of electrons and 
positrons. • The efficiency distribution of Geminga in very narrow 

η=[0.12,0.4].  
• The efficiency distribution of the other sources is broad.



MOST POWERFUL SOURCE ANALYSIS ONE EXAMPLE



MOST POWERFUL SOURCE ANALYSIS + ATNF PWNS

• The rising of the positron fraction measured by AMS-02 and Pamela could be due to PWNs. 

• Here we consider the five most powerful sources and all the other ATNF sources. 

• We have varied the efficiency η and the index γPWN independently for each PWNs and we have 
found all the configurations which are compatible up to 3σ with the four spectra of electrons and 
positrons. • The efficiency distribution of Geminga is broader respect to 

the previous case.  
• The efficiency distribution of the all the other sources of the 

ATNF catalog peaked at η = 0.04 near the best fit value



MOST POWERFUL SOURCE AND ATNF PWNS ANALYSIS ONE 
EXAMPLE



BACKGROUND



2FGL EFFICIENCY
• We have considered the 2FGL catalogue so we should use the second catalogue efficiency which has not been 

calculated by the collaboration. 

• We found so an empirical efficiency for the 2FGL catalogue for TS>25 and |b|>10° using the following method.

Number of blazars in the 2FGL catalogue with 
TS>25 and |b|>10° and with a flux comprised in 

the bin i.

Incompleteness of the 2FGL: ratio 
between the number of unidentified 

sources and all the sources with TS>25 
and |b|>10°

Number of expected sources 
calculated using the flux distribution 

of blazars of the 1FGL
(Abdo et al. 2010 ApJ 720:435–453) 
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• In general the term ``active galactic nucleus'', or AGN, refers to the existence of energetic phenomena in the nuclei, or central regions, of 
galaxies which cannot be attributed clearly and directly to stars.  

• An active galactic nucleus (AGN) is a compact region at the centre of a galaxy that has a much higher than normal luminosity over at least 
some portion, and possibly all, of the electromagnetic spectrum. Such excess emission has been observed in the radio, infrared, optical, ultra-
violet, X-ray and gamma ray wavebands. A galaxy hosting an AGN is called an active galaxy. The radiation from AGN is believed to be a result 
of accretion of mass by a supermassive black hole at the centre of its host galaxy. 

• Blazars are considered as radio-loud AGN with the relativistic jet pointing in the direction of the observer (Urry & Padovani 1995). Their 
spectral energy distribution (SED) is thus dominated by the non-thermal emission from the jet, enhanced by relativistic effects.  

• The blazars class is divided into the two subclasses according to the strength of the non-thermal continuum emission relative to the thermal 
emission from the accretion disc that is partially reprocessed in the broad-line-region (BLR).                                                                                                                                                

• Flat-spectrum-radio-quasars (FSRQs) if emission lines and/or the big blue bump are observed. 

• BL Lacertae (BL Lac) objects if the optical/UV spectrum is dominated by the continuum emission 

http://en.wikipedia.org/wiki/Galaxy
http://en.wikipedia.org/wiki/Luminosity
http://en.wikipedia.org/wiki/Electromagnetic_spectrum
http://en.wikipedia.org/wiki/Radio_waves
http://en.wikipedia.org/wiki/Infrared
http://en.wikipedia.org/wiki/Visible_spectrum
http://en.wikipedia.org/wiki/Ultra-violet
http://en.wikipedia.org/wiki/X-ray
http://en.wikipedia.org/wiki/Gamma_ray
http://en.wikipedia.org/wiki/Accretion_(astrophysics)
http://en.wikipedia.org/wiki/Supermassive_black_hole
http://en.wikipedia.org/wiki/Host_galaxy

