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The Extragalactic gamma-ray background (EGB).
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The origin of the EGB in the LAT energy range.
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Undetected sources Diffuse processes

4

Why is this important ?
! The Extragalactic Gamma-ray Background may encrypt the signature of the

most powerful processes in astrophysics
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Blazars
Dominant class of LAT extra-
galactic sources. Many estima-
tes in literature.  EGB contribu-
tion ranging from 20% - 100%. 

Non-blazar active galaxies
27 sources resolved in 2FGL 
~ 25% contribution of radio 
galaxies to EGB expected. (e.g. 
Inoue 2011)

Star-forming galaxies
Several galaxies outside the 
local group resolved by LAT. 
Significant contribution to EGB 
expected. (e.g. Pavlidou & Fields, 
2002, Ackermann et al. 2012)

GRBs
High-latitude pulsars

Small contributions expected. 
(e.g. Dermer 2007, Siegal-Gaskins et al. 
2010)

Intergalactic shocks
Widely varying predictions of 
EGB contribution ranging from 
1% to 100% (e.g. Loeb & Waxman 
2000, Gabici & Blasi 2003)

Dark matter annihilation
Potential signal dependent on 
nature of DM, cross-section and 
structure of DM distribution 
(e.g. Ullio et al. 2002)

Interactions of UHE cosmic 
rays with the EBL

Dependent on evolution of CR 
sources, predictions varying from 
1% to 100 % (e.g. Kalashev et al. 2009)

Extremely large Galactic 
electron halo (Keshet et al. 2004)
  

CR interaction in small solar 
system bodys (Moskalenko & Porter 
2009)
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Derivation of the EGB spectrum.

> All-sky maximum likelihood fit (Galactic plane excluded)
▪ LAT sky map compared to full model of gamma-ray emission.
▪ Equal-area pixels with 0.8 deg2 (HEALPix grid).
▪ Point sources and diffuse emission fitted simultaneously.

> LAT gamma-ray sky model:
▪ Diffuse Galactic emission templates based on GALPROP model.   
▪ Strong LAT sources individually fitted.
▪ Weak LAT sources included as template.
▪ Solar gamma-ray emission.
▪ Local diffuse emission (e.g. Loop I).
▪ Isotropic template.

> Isotropic emission = EGB + residual CR background.

4

+

+

=

LAT sky

Galactic 
diffuse
model

Point 
sources

local & solar diffuse 
emission

+

Iso-
tropic



Markus Ackermann  |  Fermi Symposium, Monterey  |  11/01/2012  |  Page  

First LAT EGB analysis published in 2010.

> Spectrum can be fitted by power law:    γ = 2.41 +/- 0.05.
> Flux above 100 MeV:  F100 = 1.03 +/- 0.17  x  10-5 cm-2 s-1 sr-1  (extrapolated).

> Foreground modeling uncertainty not included in error bands (~ 30 %).

5

Abdo et al., PRL 104, 101101, 2010
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EGB analysis improvements.

> 44 months of LAT data, energy range 200 MeV - 820 GeV.

> Reprocessed with updated in-flight calibration.

> Separate low-energy (< 12.8 GeV) and high-energy (> 12.8 GeV) analysis. 

> New super-low background event selection for high-energy analysis 
(P7TKRVETO).

> Residual CR background estimates based on large dedicated Monte Carlo 
production. 

> Wider range of Galactic diffuse emission foreground models evaluated.

> 2FGL catalog sources included in sky model.

> Galactic plane mask derived from gas surveys. 

> New template for gamma-ray emission from North Polar spur.

6

...since the first publication (Abdo et al. , PRL 104).
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New event classification.

7

> Updated event classification in comparison 
to published analysis (PASS7 vs PASS6).
▪ gains in effective area & lower systematic 

uncertainties.

> Standard event class P7ULTRACLEAN for 
low-energy analysis (<12.8 GeV).

> Newly developed P7TKRVETO event class 
for high-energy analysis (>12.8 GeV).
▪ Based on P7ULTRACLEAN.
▪ Uses part of the LAT tracker as additional veto 

against incoming CRs.
▪ Removes a condition from P7ULTRACLEAN 

selection that is inefficient above ~ 500 GeV.
▪ Relaxed constraints on Zenith angle.
▪ Effective reduction of background: up to factor 2 vs. 

P7ULTRACLEAN above 12.8 GeV
▪ No gain in background reduction at lower energies, 

therefore standard P7ULTRACLEAN with higher 
acceptance used there.
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Background from charged cosmic rays.

> EGB intensity is 6 orders of 
magnitude lower than CR background 
intensity (@10 GeV).

> Comparison to high Galactic latitude 
LAT data to cross-check Monte Carlo 
predictions.

> ± 35 % systematic uncertainty on 
prediction.
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Fig. 27.— Correction factors for the CR background simulation as a function of energy,
determined from a fit to the experimental data. The filled band shows the 35% systematic

uncertainty. Note that the energies shown here are based on reconstruction under the hy-
pothesis that the event is a γ ray and most high-energy protons deposit only a small fraction

of their total energy in the LAT.
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Fig. 28.— Best estimates of differential rates of residual particle backgrounds for the
P7SOURCE (a), P7CLEAN (b), and P7ULTRACLEAN (c) event classes. Individual contributions

from primary CR protons, primary CR electrons and the secondaries from CR interactions

are shown; the corresponding count rates for the extragalactic γ-ray background measured
by Fermi (Abdo et al. 2010f) are also overlaid for comparison.

errors in reconstructed directions enter the samples usually chosen for high-level analysis.1494

The contamination can be reduced by both a stricter selection on event quality to reject1495

badly reconstructed γ rays and by larger exclusion regions around the Earth.1496

An estimate of the fraction of irreducible background in the cleanest event class (i.e.,1497

> Large scale Monte Carlo production 
effort to determine residual CR 
background contamination in PASS7 
event classes up to 1 TeV. [mm]
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Energy range limit from event selection/reconstruction.

> EGB measurement impossible above ~800 GeV with current reconstructions.
> Current energy reconstruction does not handle saturated crystals well.

▪ Strong bias in the energy response at 1 TeV and above.

9

> Track confusion at very high energies can 
result in CRs being classified as gamma rays.

> Both problems will be resolved in the next 
generation of event reconstruction and 
selection (Pass 8) 

Top view

Front view

Side view

ACD

Tracker

Calorimeter

LAT view of a 920 GeV event



γ-ray emission model 

Inverse Compton scattering

γ-ray emission model

HI +HII (8 kpc < r < 10 kpc)
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Model for the Galactic diffuse emission foreground.

> Diffuse gamma-ray emission of Galaxy modeled using the GALPROP code.
> Galactic plane and all regions with significant contributions from H2 and non-local 

HI (r < 8 kpc or r > 10 kpc) are masked for EGB analysis.
> Two dominant high-latitude components fit to LAT data:

▪ Inverse Compton emission (isotropic ISRF with approximate correction for anisotropy of 
radiation field).

▪ Bremsstrahlung and π0-decay from CR interactions with local (8kpc < r < 10kpc) atomic and 
ionized hydrogen (HI +HII).

10

10 GeV 10 GeV
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Galactic foreground.

> Default foreground model similar to 
models studied in 
Ackermann et al., ApJ 750, 3 (2012).
▪ Cosmic-ray source distribution follows Pulsar 

distribution.
▪ 5 kpc cosmic-ray halo.
▪ Diffusion & re-acceleration of CRs in the 

interstellar medium.
▪ Constant & isotropic diffusion throughout 

Galaxy
▪ Interstellar gas distribution from radial velocity 

measurement at radio frequencies.
▪ Total gas column density corrected using 

interstellar dust as tracer (E(B-V) map, Schlegel 
et al. 1998).

11

γ-rays from interactions with HI +HII 
(default model)
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Galactic foreground (IC emission).

> Shape of Galactic foreground from IC 
emission depends heavily on the 
propagation model.

> Important systematic uncertainty for 
the foreground model subtraction. 

> Fit to LAT data indicates that our 
understanding of the shape/spectrum of 
the diffuse IC emission is limited.

> Evaluation of a larger class of fore-
ground models than for first publication.
▪ Diffusion coefficient not constant 

throughout Galaxy 
▪ Different CR source populations
▪ Variations of the ISRF
▪ Variations of halo size
▪ ...

12

IC (default model)

Ratio of IC emission
(variation/default model)

0.0 4.0

E=8 GeV
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Low-energy vs. high-energy analysis.

13

Low-energy analysis (<12.8 GeV)

‣ P7ULTRACLEAN event class.
‣ Intensity of each foreground model temp-

late is fitted in each single energy band.
‣ 2FGL sources (TS>200) are fitted 

individually

High-energy analysis (>12.8 GeV)

‣ P7TKRVETO event class.
‣ Foreground model spectrum is fixed, but 

normalization is rescaled 
‣ 2FGL sources (TS>200) are fitted 

individually.
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Low-energy vs. high-energy analysis.

14

Low-energy analysis (<12.8 GeV) High-energy analysis (>12.8 GeV)

> For consistency checking low- and high-energy analysis is performed with 
significant overlap in energy.

> Fit results are consistent.
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The preliminary LAT EGB spectrum.

15

> Preliminary EGB spectrum 
between 200 MeV to 410 GeV 
for default foreground model.

> Error bands include systematics 
from effective area uncertainty 
and CR background subtraction.

> ... but NOT systematics from  
foreground model uncertainties. 
(still under evaluation).> Publication in preparation for EGB spectrum  

up to 820 GeV.
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Comparison to older measurements.

> In agreement with published spectrum.
> Error bars predominantly systematic. Apparent features in the spectrum are 

NOT significant.
> Possible spectral softening at high energies ?

16

Fermi LAT - 44 months, preliminary 
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Systematic uncertainties from foreground modeling.

> Still under investigation.

> Particular emphasis on the impact of foreground modeling on features in the EGB 
spectrum.

> Expect ~ 30% uncertainty on normalization, similar to published analysis.

Future improvements of the measurement of the EGB intensity rely on a 
better understanding of the Galactic diffuse emission.

17
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The Origin of the EGB

4
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Unresolved source contributions to the EGB.

> The big questions: 
▪ Which classes of unresolved sources contribute how much to the EGB ?
▪ Can unresolved sources alone explain the bulk of the EGB intensity ? 

> Many models and estimates in literature, too many to give credit to all of them ....

> Star-forming galaxies: Pavlidou & Fields 2002; Thompson et al. 2007; Bhattacharya & Sreekumar 2009; 
Makiya et al. 2011; Fields et al. 2010; Stecker & Venters 2011; etc.

> Blazars: Padovani et al. 1993; Stecker et al. 1993; Salamon & Stecker 1994; Chiang et al. 1995; Stecker & 
Salamon 1996; Chiang & Mukherjee 1998; Mukherjee & Chiang 1999; Muecke & Pohl 2000; Narumoto & Totani 2006; 
Giommi et al. 2006; Dermer 2007; Pavlidou & Venters 2008; Kneiske & Mannheim 2008; Bhattacharya et al. 2009; 
Inoue & Totani 2009;  Abdo et al. 2010; Stecker & Venters 2010; etc.

> Radio galaxies: Stawarz et al. 2006; Inoue et al. 2008; Inoue & Totani 2009; Massaro & Ajello 2011; Inoue 2011 

> Millisecond pulsars / GRBs: Casanova et al. 2007; Dermer 2007; Faucher-Giguere & Loeb 2010; Siegal-
Gaskins et al. 2010; etc.

19
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Contributions of star-forming galaxies.

> 4% - 23% contribution to EGB from star-forming galaxies (0 < z < 2.5)
> Gamma-ray emission from galaxies is assumed to follow either a rescaled Milky 

Way (1) or a power-law spectrum (2), observed for Starburst Galaxies.
> Talk by Keith Bechtol this morning.

20

Ackermann et al., ApJ 755, 164, 2012

(1)

(2)
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Contributions from radio galaxies.

> Estimation of contribution of LAT detected radio 
galaxies to the EGB (Inoue 2011).

> Uses correlation of Radio/Gamma-ray luminosity 
based on 11 radio galaxies described in Abdo et al., 
ApJ 720, 2010.

> EGB contribution estimated from radio luminosity 
function.

> unresolved radio galaxies contribute ~ 25%.

21

The Astrophysical Journal, 733:66 (9pp), 2011 May 20 Inoue
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Figure 3. EGRB spectrum from gamma-ray-loud radio galaxies in the unit of MeV2 cm−2 s−1 MeV−1 sr−1. Dashed, dotted, dot-dashed, and solid curves show the
intrinsic spectrum (no absorption), and the absorbed, cascade, and total (absorbed+cascade) EGRB spectrum, respectively. The observed data of HEAO-1 (Gruber
et al. 1999), Swift-BAT (Ajello et al. 2008), SMM (Watanabe et al. 1997), COMPTEL (Kappadath et al. 1996), and Fermi-LAT (Abdo et al. 2010e) are also shown by
the symbols indicated in the figure.
(A color version of this figure is available in the online journal.)

jets (Urry & Padovani 1995). The fraction of radio galaxies
with viewing angle <θ is given as κ = (1 − cos θ ). In this
study, the fraction of gamma-ray-loud radio galaxies is derived
as κ = 0.081, as discussed in Section 3.3. Then, the expected
θ is !24◦. The viewing angle of NGC 1275, M 87, and Cen
A is derived as 25◦, 10◦, and 30◦ by SED fitting (Abdo et al.
2009b, 2009c, 2010c), respectively. Therefore, our estimation
is consistent with the observed results.

Here, beaming factor δ is defined as Γ−1(1−β cos θ )−1, where
Γ is the bulk Lorentz factor of the jet and β =

√
1 − 1/Γ2.

If Γ ∼ 10, which is typical for blazars, δ becomes ∼1 with
θ = 24◦. This value means no significant beaming effect
because the observed luminosity is δ4 times brighter than that in
the jet rest frame. On the other hand, if 2 ! Γ ! 4, δ becomes
greater than 2 with θ = 24◦ (i.e., the beaming effect becomes
important). Ghisellini et al. (2005) proposed the spine and layer
jet emission model, in which the jet is composed of a slow jet
layer and a fast jet spine. The difference of Γ between blazars
and gamma-ray-loud radio galaxies would be interpreted using
a structured jet emission model.

We note that κ depends on αr , as in Section 3.2. By changing
αr by 0.1 (i.e., to 0.7 or 0.9), κ and θ change by a factor of 1.4 and
1.2, respectively. Thus, even if we change αr , the beaming effect
is not effective if Γ ∼ 10 but with a lower Γ value, 2 ! Γ ! 4.

5.2. Uncertainty in the Spectral Modeling

As pointed out in Section 2, there are uncertainties in SED
modeling because of small samples, such as the photon index (Γ)
and the break photon energy (εbr). In the case of blazars, Stecker
& Salamon (1996) and Pavlidou & Venters (2008) calculated
the blazar EGRB spectrum including the distribution of the
photon index by assuming Gaussian distributions even with
∼50 samples. We performed the Kolomogorov–Smirnov test
to determine the goodness of fit of the Gaussian distribution
to our sample, and to check whether the method of Stecker &
Salamon (1996) and Pavlidou & Venters (2008) is applicable to

our sample. The chance probability is 12%. This means that the
Gaussian distribution does not agree with the data. To investigate
the distribution of the photon index, more samples would be
required.

We evaluate the uncertainties in SED models by using various
SEDs. Figure 4 shows the total EGRB spectrum (absorbed +
cascade) from the gamma-ray-loud radio galaxies with various
photon index and break energy parameters. The contribution
to the unresolved Fermi EGRB photon flux above 100 MeV
becomes 25.4%, 25.4%, and 23.8% for Γ = 2.39, 2.11, and
2.67, respectively. In the case of Γ = 2.11, the contribution to
the EGRB flux above 10 GeV becomes significant. For the MeV
background below 10 MeV, the position of the break energy
and the photon index is crucial to determine the contribution
of the gamma-ray-loud radio galaxies. As shown in Figure 4,
higher break energy and softer photon index result in a smaller
contribution to the MeV background radiation. To enable further
discussion on the SED modeling, the multiwavelength spectral
analysis of all GeV-observed gamma-ray-loud radio galaxies is
required.

5.3. Flaring Activity

It is well known that blazars are variable sources in gamma
rays (see, e.g., Abdo et al. 2009a, 2010d). If gamma-ray-loud
radio galaxies are the misaligned populations of blazars, they
will also be variable sources. Kataoka et al. (2010) have recently
reported that NGC 1275 showed a factor of ∼2 variation in
the gamma-ray flux. For other gamma-ray-loud radio galaxies,
such a significant variation has not been observed yet (Abdo
et al. 2010b). Currently, therefore, it is not straightforward to
model the variability of radio galaxies. In this paper, we used
the time-averaged gamma-ray flux of gamma-ray-loud radio
galaxies in the Fermi catalog, which is the mean of the Fermi 1 yr
observation. More observational information (e.g., frequency)
is required to model the gamma-ray variability of radio galaxies.
Further long-term Fermi observation will be useful, and future
observation by ground-based imaging atmospheric Cherenkov

6
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spectrum is given by

dN/dε ∝
{
ε−(p+1)/2 ε ! εbr,
ε−(p+2)/2 ε > εbr,

(1)

where εbr corresponds to the IC photon energy from electrons
with γbr (Rybicki & Lightman 1979).

The SED fitting for NGC 1275 and M87 shows that the IC
peak energy in the rest frame is located at ∼5 MeV (Abdo et al.
2009b, 2009c). In this study, we use the mean photon index, Γc,
as Γ at 0.1–10 GeV and set a peak energy, εbr, in the photon
spectrum at 5 MeV for all gamma-ray-loud radio galaxies as a
baseline model. Then, we are able to define the average SED
shape of gamma-ray-loud radio galaxies for all luminosities
as dN/dε ∝ ε−2.39 at ε >5 MeV and dN/dε ∝ ε−1.89 at
ε ! 5 MeV by following Equation (1).

However, only three sources are currently studied with multi-
wavelength observational data. We need to make further studies
of individual gamma-ray-loud radio galaxies to understand their
SED properties in wide luminosity ranges. We examine other
spectral models in Section 5.2.

3. GAMMA-RAY LUMINOSITY FUNCTION

3.1. Radio and Gamma-ray Luminosity Correlation

To estimate the contribution of gamma-ray-loud radio galax-
ies to the EGRB, we need to construct a GLF. However, because
of the small sample size, it is difficult to construct a GLF using
current gamma-ray data alone. Here, the RLF of radio galax-
ies has been extensively studied in previous works (see, e.g.,
Dunlop & Peacock 1990; Willott et al. 2001). If there is a cor-
relation between the radio and gamma-ray luminosities, we are
able to convert the RLF to the GLF with that correlation. In
the case of blazars, it has been suggested that there is a corre-
lation between the radio and gamma-ray luminosities from the
EGRET era (Padovani et al. 1993; Stecker et al. 1993; Salamon
& Stecker 1994; Dondi & Ghisellini 1995; Zhang et al. 2001;
Narumoto & Totani 2006), although it has also been discussed
that this correlation cannot be firmly established because of flux-
limited samples (Muecke et al. 1997). Recently, using the Fermi
samples, Ghirlanda et al. (2010, 2011) confirmed that there is a
correlation between the radio and gamma-ray luminosities.

To examine a luminosity correlation in gamma-ray-loud radio
galaxies, we first derive the radio and gamma-ray luminosity
of gamma-ray-loud radio galaxies as follows. Gamma-ray
luminosities between the energies ε1 and ε2 are calculated by

Lγ (ε1, ε2) = 4πdL(z)2 Sγ (ε1, ε2)
(1 + z)2−Γ , (2)

where dL(z) is the luminosity distance at redshift, z, Γ is the
photon index, and S(ε1, ε2) is the observed energy flux between
the energies ε1 and ε2. The energy flux is given from the photon
flux Fγ , which is in the unit of photons cm−2 s−1, above ε1 by

Sγ (ε1, ε2) = (Γ − 1)ε1

Γ − 2

[(
ε2

ε1

)2−Γ
− 1

]

Fγ , (Γ $= 2) (3)

Sγ (ε1, ε2) = ε1 ln(ε2/ε1)Fγ , (Γ = 2). (4)

Radio luminosity is calculated in the same manner.
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Figure 1. Gamma-ray luminosity at 0.1–10 GeV vs. radio luminosity at 5 GHz.
The square and triangle data represent FRI and FRII galaxies, respectively. The
solid line is the fit to all sources.
(A color version of this figure is available in the online journal.)

Figure 1 shows the 5 GHz and 0.1–10 GeV luminosity relation
of Fermi gamma-ray-loud radio galaxies. Square and triangle
data represent FRI and FRII radio galaxies, respectively. The
solid line shows the fitting line to all the data. The function is
given by

log10(Lγ ) = (−3.90±0.61) + (1.16±0.02) log10(L5 GHz), (5)

where errors show 1σ uncertainties. In the case of blazars, the
slope of the correlation between Lγ (>100 MeV), luminosity
above 100 MeV, and radio luminosity at 20 GHz is 1.07 ± 0.05
(Ghirlanda et al. 2011). The correlation slopes of gamma-ray-
loud radio galaxies are similar to those of blazars. This indicates
that the emission mechanism is similar in gamma-ray-loud radio
galaxies and blazars.

We need to examine whether the correlation between the
radio and gamma-ray luminosities is true or not. In the flux-
limited observations, the luminosities of samples are strongly
correlated with redshifts. This might result in a spurious lu-
minosity correlation. As in previous works on blazar samples
(Padovani 1992; Zhang et al. 2001; Ghirlanda et al. 2011),
we perform a partial correlation analysis to test the correla-
tion between the radio and gamma-ray luminosities exclud-
ing the redshift dependence (see the Appendix for details).
First, we calculate the Spearman rank–order correlation co-
efficients (see, e.g., Press et al. 1992). The correlation co-
efficients are 0.993, 0.993, and 0.979 between log10 L5 GHz
and log10 Lγ , between log10 L5 GHz and redshift, and between
log10 Lγ and redshift, respectively. Then, the partial correlation
coefficient becomes 0.866 with chance probability 1.65×10−6.
Therefore, we conclude that there is a correlation between the
radio and gamma-ray luminosities of gamma-ray-loud radio
galaxies.

3.2. Gamma-ray Luminosity Function

In this section, we derive the GLF of gamma-ray-loud radio
galaxies, ργ (Lγ , z). There is a correlation between the radio
and gamma-ray luminosities as shown in Equation (5). With
this correlation, we develop the GLF by using the RLF of radio
galaxies, ρr (Lr, z), with radio luminosity, Lr. The GLF is given
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Figure 6. Spectral slopes of FRI radio galaxies (red circles), FRII radio sources
(green squares), BL Lac objects (open blue circles), and FSRQs (open black
squares) are plotted as a function of the γ -ray luminosity (100 MeV–10 GeV).
Local radio galaxies (z < 0.1) and blazars occupy different regions of the
plot, with misaligned AGNs generally characterized by lower luminosity. On
the contrary, the two more distant steep spectrum radio quasars (z > 0.6) fall
within the range of γ -ray luminosities of FSRQs.

sources (upper panel) and the BL Lac objects and FSRQs (lower
panel) in the 1LAC are shown. Inspection of Figures 6 and 7
shows a well defined separation between FRIs and BL Lac
objects, their putative parent population. On the contrary, FRIIs
seem to lie at best in the outskirts of the FRSQ distribution.
Although care must be taken when drawing conclusions due
to the small statistics and about PKS 0943−76 because of the
uncertainty that the Fermi γ -ray source is correctly associated
with it (Section 2), a tentative conclusion implied is that the
range of γ -ray luminosities of FRI radio galaxies compared to
BL Lac objects is larger than that of the FRII galaxies compared
to FSRQs.

The significance of this result, if validated with greater
statistics as the Fermi mission progresses, is considered in
Section 6.

5.2. Core Dominance Study of the 3CRR Sample

In order to better understand the nature of the γ -ray emitting
MAGNs, we considered the flux-limited 3CRR sample and
analyzed the role of CD (defined in Section 2), of individual
sources that were detected with the Fermi LAT compared with
those that were not detected. We choose the 3CRR sample
because it is well studied and contains the most complete set
of data available for such a study. Because it is restricted to the
northern sky, not all the MAGNs in our study are considered.

Figure 8 shows CD as a function of the total flux density
at 178 MHz. In this plot, γ -ray emitters are identified by
triangles inside the filled circles. The plot clearly shows that
at a given radio flux, radio galaxies, and quasars detected at
MeV–GeV energies have the largest CD values. In other words,
LAT preferentially selects the misaligned AGNs with smaller
angles of inclination. The MAGNs radiating at GeV energies
do not, however, share the extreme CD values of blazars. To

Figure 7. Histogram showing the luminosity distribution of misaligned AGNs
(upper panel : FRIs—red continuum line, FRIIs—green dashed line) and blazars
(lower panel: BL Lac objects—blue continuum line; FSRQs—black dashed
line). FRI radio galaxies are significantly less luminous than BL Lac objects.
The broad-line radio galaxy 3C 111 is the only FRII outside the luminosity
range covered by the FSRQ

Figure 8. Core dominance (CD) vs. total flux at 178 MHz of all the sources
of the 3CRR sample (FRI—red circles; FRII—green squares) with a measured
radio core. The MAGNs detected by Fermi (blue triangles in circles/squares)
are characterized by large CDs. The two FSRQs (blue triangles in empty black
circles) belonging to the 3CRR and associated with LAT sources have much
larger CD values than the misaligned FRII sources.

demonstrate this, we show the CD values for two FSRQs,
3C 454.3 and 3C 345, which are associated with Fermi LAT
sources, belong to the 3CRR sample, and are denoted by the
blue triangles in black circles in Figure 8 (right panel). These
sources occupy the upper region of the CD/F178 MHz plane, much
greater than the values for the misaligned FRII γ -ray sources
(which are both, incidentally, the SSRQs). A similar plot can
be obtained by considering the 5 GHz core flux, rather than the
total radio emission.

Inoue 2011

Inoue 2011

Abdo et al. , ApJ 720, 2010
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Unresolved Blazars.

22

> Blazars are dominant extragalactic 
source population in the LAT energy 
band.

> Extrapolation of source count distribution 
of resolved LAT Blazars allows estimate 
of their contribution to the EGB.

> Total contribution of Blazars in 
100 MeV - 100 GeV band:  
23% ± 5% (stat) ±12% (syst)

Abdo et al., ApJ 720, 435, 2010
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Unresolved Blazars: FSRQ gamma-ray luminosity function.
> LAT resolved FSRQ population spans wide 

range in redshift and luminosity
> Allows to build gamma-ray luminosity function 

(GLF) based on LAT data alone
> Luminosity-dependent density evolution (LDDE) 

fits LAT population best
> Prediction of EGB contribution based on GLF + 

spectral modeling

23

Ajello et al., ApJ 751, 108, 2012 9

The FSRQ sample: properties

! The sample:
! Based on the 11month catalog
! TS >50,  |b|>20deg
! z = [0.1- 3.0]
! Spans >2dex in flux
! Spans >4dex in luminosity

! Pretty good dynamical range
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Unresolved Blazars: BL Lac luminosity function.

> Difficult: 55% of LAT BL Lac lack reliable 
redshift measurements.

> Only loose constraints on redshifts exists.
> Sample BLLac redshifts from allowed range of 

redshifts. 
> Create luminosity functions by averaging over 

many samples.

24

Preliminary 

Preliminary 

Preliminary 

Preliminary 

> Evidence for:
> strong positive evolution
> different evolutionary speeds for 

BL Lac of different luminosities
> Redshift peak at ~0.75

Ajello, 220th AAS meeting, Anchorage
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Sum of contributions from unresolved sources.

> Total contribution from FSRQ + BL Lac + Radio galaxies + Star-forming galaxies: ~ 
50% - 80%

> Keep in mind: ~ 30% foreground modeling uncertainty not included in EGB error 
bands 

25
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Summary.

> New EGB analysis on 44 months of LAT data performed. Many improvements with 
respect to first analysis.

> Preliminary EGB spectrum has been presented between 200 MeV and 410 GeV. 
Studies of the systematic uncertainties with respect to the foreground models still 
ongoing.  

> New EGB spectrum is in agreement with published measurement in the 
overlapping energy range.

> Unresolved source contributions of different source populations can explain a large 
fraction of the intensity of the extragalactic gamma-ray background.

> BL Lac’s might dominate at very high energies (>~ 100 GeV).
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Backup.
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Background from charged cosmic rays.

> Primary cosmic rays + secondaries created in the Earth atmosphere.
> More than 6 orders of magnitude in CR background suppression is needed (at 10 

GeV) for EGB analysis. 
> Isotropic distribution assumed for long (>>1 day) observation periods.
> LAT cosmic-ray background model:

> f

> Background suppression efficiency and remaining residual background needs to 
be carefully studied to allow its subtraction in the EGB analysis.
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Fig. 10.— Model of the LAT orbital position and particle direction-averaged CR-induced

particle intensities (Mizuno et al. 2004) sampled from a 64 s live time background simulation
run. The intensity of the extragalactic diffuse background emission measured by the LAT

(Abdo et al. 2010f) is shown for comparison. Note that the event energy is reconstructed
under the hypothesis of a downward-going γ ray and in general does not represent the actual

energy for hadrons.

the background rates for typical integration times of months or years, the simulated time741

interval must be at least equal to the precession period of the Fermi orbit (53.4 days).742

Simulating these high particle rates for such a long time interval is quite impractical, in743

terms of both CPU capacity and disk storage requirements. For studies of background744

rejection we usually simulate an entire precession period to ensure a proper sampling of the745

geomagnetic history, but to limit the particle counts we generate events for only a few seconds746

of simulated time every several minutes, e.g., a typical configuration requires event generation747

for 4 seconds every 4 minutes of time in orbit. This partial sampling is a compromise between748

the limited CPU and disk usage, and the requirement of having good statistics. Considering749

the LAT background rejection power, in order to have sizable statistics after even the first750

stages of the event analysis are performed, we must start with a simulated background data751

set of over 109 CRs.752
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Solar template and Loop I template.
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Contributions of star-forming galaxies.

> 8 galaxies detected by the LAT 
> Almost linear correlation between 

gamma-ray luminosity and tracers of 
star formation
▪ bolometric infrared luminosity
▪ 1.4 GHz radio continuum emission 

> Detection + upper limits can be used to 
constrain correlation 

> Use gamma-ray / IR luminosity 
correlation to calculate EGB 
contribution based on IR luminosity 
function of galaxies.
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Milky Way M 82 NGC 253SMCLMC M 31 NGC  1068 NGC  4945

Ackermann et al., ApJ 755, 164, 2012


