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What is making the diffuse gamma-ray background?
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Expected contribution of source populations to the unresolved IGRB

Sum is ~ 60-100% of IGRB intensity (energy-dependent)

Fermi-LAT Collaboration (preliminary)

Main)(and)guaranteed))contributions)to)the)Fermi)EGB)

Contribution)from)FSRQs)+)BL)Lac)+)Radio)galaxies)+)star&forming)galaxies:)
)~might)account)for)the)totality)of)the)measured)EGB)at)high)energies.)
)~not)enough)to)account)for)the)EGB)at)low)energies)!)What$makes$the$rest?$

[Courtesy)of)M.)Ajello])

PRELIMINARY 

Radio galaxies

BL Lacs

FSRQs

Star-forming galaxies

Fermi LAT Collaboration, in prep
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• for unclustered point sources, angular power spectrum takes 
the same value at all multipoles (“Poisson angular power”)

• most gamma-ray source classes look like unclustered point 
sources

The angular power spectrum
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Fermi LAT anisotropy measurement

• 1FGL sources + Galactic 
plane masked, angular 
power spectrum 
measured

• identifying the signal at 
155 ≤ l ≤ 504 as Poisson 
angular power CP, best-fit 
value of CP is determined

• significant (>3σ) 
detection of angular 
power up to 10 GeV, 
lower significance power 
measured at 10-50 GeV

• energy dependence 
consistent with a source 
class with power-law 
spectrum with Γ = -2.40 
± 0.07 (looks like blazars)
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intensity angular power spectrum 
(Poisson angular power CP vs E) 

DATA:CLEANED = DATA - Galactic diffuse model

Ackermann et al. [Fermi LAT Collaboration], 
PRD 85, 083007 (2012)
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Figure 10. Distribution of photon indices (left) and fluxes (right) for the TS ! 50 and |b| ! 20◦ sources. The dashed line is the best-fit dN/dSdΓ model. Using the χ2

test, the probabilities that the data and the model line come from the same parent population are 0.98 and 0.97 for the photon-index and flux distributions, respectively.
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Figure 11. Comparison of log N–log S of the whole sample of (TS ! 50 and
|b| ! 20◦) sources built with the standard method (green data points; see
Section 6.1) and the global fit method (red data points; see Section 6.2).
(A color version of this figure is available in the online journal.)

redshift. While it is something reasonable to expect, this effect
in the current data set is not observed. The luminosity function,
which is left to a future paper, will allow us to investigate this
effect in great detail.

6.4. FSRQs

For the classification of blazars as FSRQs or BL Lac objects,
we use the same criteria adopted in Abdo et al. (2009a). This
classification relies on the conventional definition of BL Lac
objects outlined in Stocke et al. (1991), Urry & Padovani (1995),
and Marcha et al. (1996) in which the equivalent width of the
strongest optical emission line is <5 Å and the optical spectrum
shows a Ca ii H/K break ratio C < 0.4.

It is important to correctly determine the incompleteness of
the sample when dealing with a subclass of objects. Indeed, in
the sample of Table 2, 56 objects have no associations and
28 have either an uncertain or a tentative association with
blazars. Thus, the total incompleteness is 84/425 = ∼19%
when we refer to either FSRQs or BL Lac objects separately.
The incompleteness levels of all the samples used here are
also reported in Table 4 for clarity. Since we did not perform
dedicated simulations for the FSRQ and the BL Lac object
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Figure 12. Comparison between log N–log S distributions of the whole sample
of sources (solid circles) and blazars (open circles). The solid lines are the
respective best-fit models as reported in Table 4.
(A color version of this figure is available in the online journal.)

classes, their source count distributions can be derived only
with the method described in Section 6.2.

The best fit to the source counts (reported in Table 4) is a
double power-law model with a bright-end slope of 2.41 ± 0.16
and faint-end slope 0.70 ± 0.30. The log N–log S relationship
shows a break around F100 = 6.12(±1.30) × 10−8 ph cm−2 s−1.
The intrinsic distribution of the photon indices of FSRQs is
found to be compatible with a Gaussian distribution with a mean
and a dispersion of 2.48 ± 0.02 and 0.18 ± 0.01, respectively,
in agreement with what found previously in Table 1. The faint-
end slope is noticeably flatter and this might be due to the fact
that many of the unassociated sources below the break might
be FSRQs. Figure 13 shows how the best-fit model reproduces
the observed photon-index and flux distributions. The χ2-test
indicates that the probability that the real distribution and the
model line come from the same parent population is !0.99
for both the photon-index and flux distributions, respectively.
The left panel shows that the photon-index distribution is not
reproduced perfectly. This might be due to incompleteness or
by the fact that the intrinsic distribution of photon indices is
actually not Gaussian. However, a Kolmogorov–Smirnov (K-S)
test between the predicted and the observed distribution yields

The source count distribution
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Abdo et al. (Fermi LAT Collaboration), ApJ 720, 435 (2010)
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break flux
high (bright-end) 
spectral index

low (faint-end) 
spectral index

the source count distribution (“LogN-LogS”) of Fermi-LAT–detected 
sources is consistent with a broken power law

LogN-LogS of Fermi LAT sources
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Anisotropy and source counts

6

the total intensity and Poisson angular power (CP) 
from unresolved sources can be predicted from the 

source count distribution
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the total intensity and Poisson angular power (CP) 
from unresolved sources can be predicted from the 

source count distribution

How do the predicted intensity and angular power from unresolved 
blazars compare to the measured values?
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redshift. While it is something reasonable to expect, this effect
in the current data set is not observed. The luminosity function,
which is left to a future paper, will allow us to investigate this
effect in great detail.

6.4. FSRQs

For the classification of blazars as FSRQs or BL Lac objects,
we use the same criteria adopted in Abdo et al. (2009a). This
classification relies on the conventional definition of BL Lac
objects outlined in Stocke et al. (1991), Urry & Padovani (1995),
and Marcha et al. (1996) in which the equivalent width of the
strongest optical emission line is <5 Å and the optical spectrum
shows a Ca ii H/K break ratio C < 0.4.

It is important to correctly determine the incompleteness of
the sample when dealing with a subclass of objects. Indeed, in
the sample of Table 2, 56 objects have no associations and
28 have either an uncertain or a tentative association with
blazars. Thus, the total incompleteness is 84/425 = ∼19%
when we refer to either FSRQs or BL Lac objects separately.
The incompleteness levels of all the samples used here are
also reported in Table 4 for clarity. Since we did not perform
dedicated simulations for the FSRQ and the BL Lac object
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classes, their source count distributions can be derived only
with the method described in Section 6.2.

The best fit to the source counts (reported in Table 4) is a
double power-law model with a bright-end slope of 2.41 ± 0.16
and faint-end slope 0.70 ± 0.30. The log N–log S relationship
shows a break around F100 = 6.12(±1.30) × 10−8 ph cm−2 s−1.
The intrinsic distribution of the photon indices of FSRQs is
found to be compatible with a Gaussian distribution with a mean
and a dispersion of 2.48 ± 0.02 and 0.18 ± 0.01, respectively,
in agreement with what found previously in Table 1. The faint-
end slope is noticeably flatter and this might be due to the fact
that many of the unassociated sources below the break might
be FSRQs. Figure 13 shows how the best-fit model reproduces
the observed photon-index and flux distributions. The χ2-test
indicates that the probability that the real distribution and the
model line come from the same parent population is !0.99
for both the photon-index and flux distributions, respectively.
The left panel shows that the photon-index distribution is not
reproduced perfectly. This might be due to incompleteness or
by the fact that the intrinsic distribution of photon indices is
actually not Gaussian. However, a Kolmogorov–Smirnov (K-S)
test between the predicted and the observed distribution yields

Exploring the LogN-LogS parameter space
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Abdo et al. [Fermi LAT Collaboration], ApJ 720, 435 (2010)

LogN-LogS of Fermi LAT sources

vary break flux

vary faint slope

• we fix the high index 
and normalization of 
the source count 
distribution to the 
measured best-fit 
values

• we vary the low 
index and break flux, 
and calculate the 
intensity and 
anisotropy produced 
by the unresolved 
sources in the 1-10 
GeV band
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Cuoco, Komatsu & Siegal-Gaskins 2012

Constraints on source count distribution 
(logN-logS) parameter space

Constraints on unresolved gamma-ray sources

8

• anisotropy and source 
count analysis point to 
blazars contributing ~20% 
of unresolved IGRB 
intensity and ~100% of 
IGRB anisotropy at 1-10 
GeV

• this result implies that 
component(s) making 
~80% of unresolved IGRB 
intensity have very low 
level of anisotropy

• anisotropy is a powerful 
constraint: measured 
angular power excludes 
Stecker & Venters 2011 
model

1-10 GeV

(see also Harding & Abazajian 2012)
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Total measured angular power with 1-sigma uncertainties 
and 2-sigma upper limits on non-blazar anisotropy

Constraints on IGRB anisotropy from non-blazar sources

9

(calculated assuming blazar anisotropy given by best-fit source count parameters)
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• preliminary dark matter constraints from published anisotropy measurement

• updated measurement should yield improved sensitivity due to more energy bins and 
improved statistics

10

Anisotropy constraints on dark matter models
Constraints using 2-sigma upper limit 

on total measured anisotropy
Constraints using 2-sigma upper limits 

on non-blazar anisotropy

Fermi LAT collaboration + MultiDark + Komatsu + Linden, in prep
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• use blazar luminosity functions to derive energy-dependent intensity and 
anisotropy contribution to IGRB

• adopt LDDE model with following params:

• FSRQs from Ajello et al., ApJ 751, 108 (2012)

• BL Lacs from Ajello et al., ApJ 780, 73 (2014)

• implement detailed spectral model:

• FSRQs: broken power law + cutoff

• BL Lacs: broken power law

• cross-check analytic results with catalog approach

11

Lochhaas, JSG, & Ajello, in prep

Refine the calculation: new blazar models
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Lochhaas, JSG, & Ajello, in prep

New models: source count distribution

sum slightly 
underpredicts 
total source 

counts

PRELIMINARY
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• blazars contribute 
up to ~50-60% of 
total IGRB intensity 
at 100 MeV, less at 
higher energies (but 
see also Marco’s 
talk)

• FSRQs dominate 
blazar contribution 
below a few GeV, 
BL Lacs above

• EBL model of 
Finke, Razzaque, & 
Dermer 2010

13

IGRB intensity from blazars

Lochhaas, JSG, & Ajello, in prep

cutoff due 
to EBL

turnover due 
to FSRQ 

spectral model

Total intensity (resolved + unresolved)

PRELIMINARY
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IGRB anisotropy from blazars
Intensity anisotropy

Lochhaas, JSG, & Ajello, in prep

PRELIMINARY
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IGRB anisotropy from blazars
Intensity anisotropy

Lochhaas, JSG, & Ajello, in prep

room for extra 
component?

PRELIMINARY
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IGRB anisotropy from blazars
Intensity anisotropy

Lochhaas, JSG, & Ajello, in prep

mild tension

room for extra 
component?

PRELIMINARY
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IGRB anisotropy from blazars
Intensity anisotropy

Lochhaas, JSG, & Ajello, in prep

mild tension

room for extra 
component?

PRELIMINARY
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• source count analysis and anisotropy measurements point to blazars contributing 
~100% of the anisotropy but only less than ~20% of the unresolved intensity of 
the IGRB at 1-10 GeV

• refined blazar anisotropy analysis (in prep): 

• blazars contribute ~ 50% to total IGRB intensity from 1-50 GeV

• BL Lacs dominate the blazar contribution to the anisotropy, can mostly 
account for measured anisotropy at 1-50 GeV

• may allow for additional contribution at a few GeV, mild tension with 
measurement at 10-50 GeV

• pinning down contributions of known source classes important to constrain and 
characterize possible exotic contributions

Summary
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