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The Diffuse Gamma-Ray Background (DGRB) is the radiati@t temains after the subtraction
of the resolved sources and the Galactic foreground frontdteé gamma-ray emission. The
DGRB originates from the cumulative emission of unresolsedrces like blazars, star-forming
and radio galaxies, but its exact composition remains uwknd@amma rays produced by Dark
Matter (DM) annihilations or decays in Galactic and exttagtic (sub)halos can also contribute,
so that the study of the DGRB represents a powerful way taeéatly look for DM. | will sum-
marize how anisotropies in the DGRB can be detected by thee@Gkev Telescope Array (CTA)
and show what is the impact of such measurement for the recceotien of the DGRB nature and
of the DM-induced component.
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1. Introduction

The Diffuse Gamma-Ray Background (DGRB) is the radiatiaonaiming after the resolved
sources (both point-like and extended) and the so-callddcBadiffuse foreground (due to inter-
actions of Cosmic Rays with the interstellar medium andrgtédlar radiation field of the Milky
Way) are subtracted from the total gamma-ray emission titee.g., from the Fermi-LAT tele-
scope. The most recent measurement of the DGRB energy wpeistireported in Ref. [1], from
the analysis of 50 months of Fermi-LAT data at GalacticUalits|b| > 20°. The results of Ref. [1]
are shown as black data points in Fig. 1 and they extend tiwgopeobservation of the DGRB en-
ergy spectrum down to 100 MeV and up to 820 GeV. The emissioarigatible with a power-law
spectrum with a spectral index of31 4+ 0.02 and an exponential cut-off starting from 2¥%2
GeV. The largest systematic uncertainty in the determonatif the DGRB comes from our imper-
fect knowledge of the diffuse Galactic foreground and itgeshfrom a factor of- 15% to 30%
depending on the energy range.

The DGRB is interpreted as the cumulative emission prodigedll those sources that are
not bright enough to be detected individually. Unresolvéakzérs, misaligned Active Galactic
Nuclei (MAGNSs), star-forming galaxies (SFGs) and millisad pulsars (MSPs) are guaranteed
components to the DGRB. The contribution of MSPs is subdantifi2], while that of the other
three classes is summarized by the coloured bands in Figote tNat blazars have been divided
into Flat-Spectrum Radio Quasars (FSRQs) and BL Lacs. Theefiglso shows that these 4
components (FSRQs, BL Lacs, MAGNs and SFGs) are enoughriodiege the energy spectrum of
the DGRB, as measured by Fermi-LAT in Ref. [1]. This autoo@dly constrains the contribution
of any other gamma-ray emitters as, e.g., galaxy clusteiyme la supernovae. It also provides
constraints to more exotic gamma-ray emissions, as the xpected from the annihilations or
decays of Dark Matter (DM) particles [3, 4].

The intensitylpy (n) of the DM-induced emission from directiam in the sky depends on
the properties of the DM particle, e.g. its masg, annihilation cross sectio(anv) or decay
lifetime 7. Here we focus on a class of DM candidates called Weakly dotarg Massive Parti-
cles (WIMPs), characterized by a GeV-TeV mass and by wealesoteractions. Also, the DM-
induced gamma-ray flux rests on the abundance and the gespefDM structures, which can be
inferred fromN-body simulations.

The measured DGRB energy spectrum can be used to consteintémsity of the DM-
induced emission and, thus, to derive upper (lower) limitshee annihilation cross section (decay
lifetime), as a function of the DM mass. Below the TeV scal® $o-called “sensitivity reach”
limits derived in Ref. [5] from the DGRB energy spectrum infR&] represent the strongest con-
straint currently available ofoanw). Similarly, in the case of decaying DM, the lower limits on
obtained in Ref. [6] from the DGRB measurement in Ref. [7]theemost constraining, up to 20
TeV.

2. Anisotropiesin the Diffuse Gamma-Ray Background

Before the Fermi-LAT, the energy spectrum was the only smofdnformation available on
the DGRB. However, in 2012, Fermi-LAT measured, for the finste, also the angular power
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Figure 1. The black data points represent the most recent measurerh#érg energy spectrum of the
DGRB by Fermi-LAT [1]. Model A from Ref. [1] is adopted for theiffuse Galactic foreground. The
coloured lines indicate the expected gamma-ray emissimm finresolved sources, for 4 different well-
established astrophysical populations: BL Lacs (shosthidd green), FSRQs (double-dotted-dashed gray),
SFGs (dotted-dashed purple) and MAGNSs (long-dashed oya@eh colour bar represents the expected
uncertainty on the emission of each population. The sumesfaltontributions is denoted by the solid blue
line and the blue uncertainty band. Estimates are taken Rem[8] (for BL Lacs), Ref. [9] (for FSRQs),
Ref. [10] (for MAGNSs) and Ref. [11] (for SFGs). Taken from REf2].

spectrum (APS) of anisotropies in the DGRB [13]. The emisg®hibits a Poissonian APS in the
angular multipole range betweénr= 155 and 504, which a significance as large @& between
1.99 and 5.0 GeV. The measured APS between 1.0 and 2.0 Ge\kecseeh in the left panel of
Fig. 2. It is possible to predict how much the unresolvedogstysical sources mentioned above
can contribute to the DGRB APS [14]. Results are summarizéie right panel of Fig. 2, showing
that a particular class of blazars (called high-synchrepeak BL Lacs) can explained the whole
APS signal from Ref. [13].

3. Anisotropiesinduced by Dark Matter

As done for the DGRB energy spectrum, it is possible to usé&&rmi-LAT measurement of
the APS to constrain a possible DM component to the DGRB. TR8@PM™ of the DM-induced
gamma-ray emissiolpy (n) can be computed by decomposihg,(n) in spherical harmonics.
Analytical estimations are derived in Ref. [4]. Alternatiy, one can employ the results Nf
body simulations to build a simulated sky-maplgfi(n) and, then, comput@}?'\" by means of
the HEALPIx package [3]. Both procedure are affected by ack lon knowledge on the abudance
and properties of DM structures below the mass resolutidd-bbdy simulations. This represents
the largest source of uncertainty in the estimatiol€p¥, which can be as large as 2 orders of
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Figure2: Left: Estimator of the APS of anisotropies considered in Ref. H3h function of the angular
multipole /. The purple crosses (red squares) indicate the APS fromaimifL AT without (with) subtract-

ing a model for the diffuse Galactic foreground. The sigegion in Ref. [13] is defined betweén- 155 and
504. Taken from Ref. [13]Right: Poissonian APEp (as a function of the energy) expected from MAGNSs
(long-dashed red), low-synchrotron-peak and intermeeighchrotron-peak BL Lacs blazars (short-dashed
blue), high-synchrotron peak BL Lacs blazars (dotted grdeat-Spectrum Radio Quasars (dot-dashed yel-
low) and the sum of the above (solid purple). The black sodithgoints indicate the measurement from
Ref. [13]. Taken from Ref.[14].

magnitude [3]. However, even in the most optimistic (andsgag unrealistic scenario), DM-
induced emission does not contribute significantly to theSAfetected by the Fermi-LAT and,
thus, the upper (lower) limits that can be derived(om,) () are not as constraining as those
discussed in the previous section.

4. Measuring the anisotropy angular power spectrum with CTA

Ref. [15] determines, for the first time, the sensitivity led ICherenkov Telescope Array (CTA)
to the detection of the anisotropy APS and it quantifies hoshsan observable could help in the
reconstruction of the DGRB composition.

Some of the main results of Ref. [15] are summarized in Figl't3e different coloured line
in the left panel indicate the APS computed by applying HE&XLéh simulated all-sky maps of
the gamma-ray sky characterized by a APS proportioné&t?8/(¢+ 1) (dashed lines). One single
field-of-view (FOV) of 2.5 is considered for the darker shades of colour, while 10 iffeFOVs
are simulated for the lighter colours. Red, green and blueslicorrespond to different number
of simulated events, corresponding to different experialeexposures. The measured APS is
affected by the size of the FOV at low multipoles, so that igeal region starts arountd= 80. At
large ¢, the APS is dominated by the Poissonian term, due to finitesta (dashed black lines).
For the largest number of events (blue lines) there is a puldirange (between approximately
¢ = 100 and 500) where CTA can reproduce the nom@al This multipole window reaches
¢ = 2000 if 10 FOVs are used (light blue line). However it reduicesize for 1& simulated events
(green bands) and pratically disappears for an exposuresmumding to 1000 events (red bands).

A second, more realistic, test is performed in Ref. [15]. @ht#hors generates two sets of maps
in which the total number of “signal” events is chosen to oejoice the total integrated DGRB flux
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Figure 3. Left: Reconstructed APS for an input APS proportionalt8°/(¢ + 1), for 1000 (red), 18
(green), and 10(blue) signal-only events, distributed in a single FOV (dahades) or in ten different
FOVs (light shades), respectively. Note that with the dééiniof the normalization of the maps adopted in
Ref. [15], the Poissonian noise (depicted by the dashedk litaes) depends only on the number of events
and it is the same in the single or multiple FOV cases. For @igpn, the thin dotted lines show the input
APS for the two 18-event cases. A Gaussian PSF with a width @50 is assumedRight: Comparison
between the measured APS for a pure astrophysical cas€witi.0~° (blue and purple data points) and a
case with 40% of the total radiation originating from seffilating DM with C, = 102 (red and brown
data points). An observation with a CTA-like telescope aysbf 1000 h on a single FOV is considered.
Ey, is fixed to 300 GeV. A background rate of 1 Hz is assumed for tbe bBnd red points, while 10 Hz
is considered for the purple and brown ones. The photon & is already subtracted to the r&y
provided by HEALPIx. Taken from Ref. [15].

reported in Ref. [7], above an energy threshilg and for a certain exposusT. A number

of background events associated with that exposure is atadated. In the first set of maps the
DGRB is assumed to be made entirely of unresolved astrogdiysburces and the simulated signal
events are distributed in order to reproduce a PoissonighafB3s"°= 10-° [13]. For the second
set of maps, a certain fractionof the signal events are assumed to come from DM annihilsition
and distributed in order to haveGEM = 103 [16]. Different values of the DM fractiox are
considered and, for each valuexpthe APS of the “DM+astrophysics” map is compared with the
APS of the maps obtained without the DM component. In this w&y/possible to determine the
smallest fraction of DM for which the “DM+astrophysics” easan be distinguished, within the
estimated experimental errors, from the “astrophysidg*astenario. For an energy threshold of
Einr = 300 GeV and an exposure A = 1000 hours, a CTA measurement of the APS using only
1 FOV can provide a detection of a DM component to the DGRB d¢hsa component is larger
than 15% of the DGRB intensity in Ref. [7] (for a backgrountkeraf 1 Hz). This can be seen in
the right panel of Fig. 3, that shows the estimated APS (#fiesubtraction of the photon noise).
Blue and purple data points correspond to the “astrophymibg’ case while red and brown also
contain a 40% of DM. Blue and red points are for a backgroutelogl Hz and purple and brown
ones for a more pessimistic case of 10 Hz. As it can be seerethébrown) data are stastically
different compared to the blue (purple) ones.

An exposure of 1000 hours is probably unrealistically latgewever Ref. [15] proved that
splitting the observation into 10 identical FOVs (i.e. hayil0 FOVs with aAT = 100 hours)
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increases the minimal fraction of DM that can be detected ok factor 2. The moderate increase
is compensated by the fact that the observation patternigmare realistic.

5. Conclusions

Measuring gamma-ray anisotropies with CTA is not an untiead®al. Such a measurement
would extend the current observation by the Fermi-LAT to ¢émergies larger than 50 GeV. It
can potentially provide important information on the corsigion of the DGRB and, in particular,
single out a DM component to the DGRB, even in a scenario irtvbBiM is responsible only for
15% of the DGRB from Ref. [7] above 300 GeV.
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