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Even if DM halos are tfoo faint to be
individually deftected in gamma-rays,

they form the most numerous
EG-MSII

populafion in the Universe.
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The DM “cumulative” signal or ifs
spatial coherence might be
observable.
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Dig info the
unresolved extragalactic sky
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WIMP angular correlations

The idea is fo have an accurate tracer of the DM distribution

(gravitational potential) in the Universe, to be used as a filter in
order to separafte the DM non-gravitational signal from other

astrophysical non-thermal emissions.

Fermi-LAT map Gravitafional tracer (lensing or galaxy cafalog)
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correlation in correlation in

physical space harmonic space
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Two—point statisTics

Anqgular power spectrum Gravifational fracer

: (“filter”)
of fluctuations ; /
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Gamma-ray sky
(or X-ray, radio, ... sky)
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Anqgular power spectrum
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3D power
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DM peaks at low z, whilst
astrophysical sources peak at z > 0.5
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3D power spectirum

Typically obfained from Simulations or Halo model

Halo model P,;(k) = P"(k) + P2(k)

ih dn - .
P*(k) = [ dm m[ (k|m) /J(Alm) f = FT of density field

: 1 1 .
Pij"'(lc) — [ / dmy (1(77,:1 bi(m 1) *(k|m 1)] ! / dms d(n): b;j(m2) f i(k|ma) Ph“(k:)

Required ingredients:

@ Halo mass funcfion dn/dm

@ Concentration of halos c¢(m),

@ DM disfribution in halos (NFW, Einasto, Burkert, ...)
and the same for subhalos, or B(x,m,z)

Critical poinf: extrapolation from the resolution of numerical simulations down to m
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3D power spectrum

i Camera, Fornasa, Fornengo, MR, ApJ 201 3g Cuoco+, ApdS 2015
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It is (roughly speaking) mapped in the
mulfipole range 100 < | < 1000
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Measurements,
inTerpretations

and

torecasts
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Observations of cross correlations between
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Fermi—LAT maps and galaxy catalogs

Xia, Cuoco, Branchini, Viel, ApJdS 2015
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Cross correlation of Fermi—LAT

with the 2MASS catalog

2MASS

/70000 galaxies with mean
redshift z ~ 0.072
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Cross corrvelation of Fermi—LAT
with the 2MASS catalogue

Credit: NASA/DOE/Fermi/LAT Collaboration
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Two Micron All Sky Survey
(2MASS)

Credit: 2MASS/UMass/IPAC-Caltech/NASA/NSF
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DM interpretation
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The particle DM
signal can fit the
measured
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DM interpretation

MR+, PRL 2015 28 - MR+, PRL 2015
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Bounds on WIMP DM

DM-only

| MR+, PRL 2015
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including astro sources
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Astrophysical backgrounds

Cuoco+, ApJdS 2015

1 ~~ |
-
a)
P
0.5 — 05
80
0 -
0 02 04 06 0
6 1 1

0.6
0.4
0.2

Py

4 z

% 05!
2 f
< |
o 0!

02 04 06 0 2 4 6 () ()() 02 04 ()64

().6 0.6¢ 1 () 6 T | T ]
o i
O 04 0.4 d _ {
& 0.5 a . 5
<J‘ 0.2 10.2 / 0.5
( 0 0 ; 0

)
0 02 04 06 0 2 4 6 0 02 04 0
. ' 06 0 2

ABI Lacs

AFS RQs

L5 1.5 15 4 6 |
z ’ 108
o ! 1 I rﬁ
< ©) 0.6
E 05 0.5 05 7 0.4 0.5}
< % 0.2
0 0 0 e
0 020406 0 2 4 6 0 02 04

0 0
| 0 02 04 06 6 002040608

— 2 4
= 12 2 2 2 — 1
<Q ) ( ( 0 z 2
( ) ) o
— 0.5
(=) -2 -2 -2 S-A 0 0.5
=1)] - 22 sk =2
L 4 -4 -4 -4 0 £
0 02 04 06 0 2 4 6 0 02 04 06 0 0.5 1 —4 -2 0 2 - __1 4 - e -4 0
A A A A A 0 020406 0 2 4 6 002040608 -4 =2 0 2
BLLacs FFSRQs SFGs mAGNs cl()[ DM] A A A log (A ]
"l() D\1 BLLacs FSRQs SFGs 10 DM

Degeneracy between DM interpretation and AGN hosted in big halos (groups or clusters)

RICAP16, Frascati, 22/06/2016 Marco Regis



Prospects tor DM detection/bounds

using cross correlation with shear

Cross-correlation with lensing surveys:
cleaner fest and larger non-linear term

Camera, Fornasa, Fornengo, MR, 2014
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First attempt of measurement

(of the cross correlation between cosmic shear and the EGB)

Canada-France-Hawaii Lensing Survey (CFHTLenS) + Syr Fermi LAT data
(Shirasaki, Horiuchi, Yoshida, PRD 2014)
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Cross correlation with CMB lensing

v‘“d_‘( ,_-v"‘"h“:i -y J
o

Fermi-LAT Oyr data

Planck 2015 data release
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Cross correlation with CMB lensing
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Near—tuture directions

Gamma: Fermi-LAT Pass-8, GAMMA-400, HERD, DAMPE, PANGU, ..
Radio: SKA and its precursors (LOFAR, ASKAP)
X—rays: eROSITA, ATHENA, .. (also in the context of keV DM, see Zandanel, Weniger, Ando JCAP 2019)
Lensing and galaxy surveys: HSC, DES, eBOSS, DESI, LSST, Euclid, ..
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1—point

statistics



1—point statistics

in y-ray context: number of pixels versus number of photons in the pixel

k-photon pixel counts, E >1.0 GeV
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NEWS

UNVEILING THE GAMMA-RAY SOURCE COUNT DISTRIBUTION BELOW THE FERMI DETECTION
LIMIT WITH PHOTON STATISTICS

HANNES-S. ZECHLIN'?, ALESSANDRO Cuoco®?,
o 9 r
FIORENZA DoNATO 2. NICOLAO FORNENGO'?, AND ANDREA VITTINO®

Preprint December 22, 2015

ABSTRACT

The source-count distribution as a function of their flux, dN/dS, is one of the main quantities char-

) acterizing gamma-ray source populations. We employ statistical properties of the Fermi-LAT pho-
., ton counts map to measure the composition of the extragalactic gamma-ray sky at high latitudes
(|b] = 30°) between 1GeV and 10 GeV. We present a new method, generalizing the use of standard
@\ pixel-count statistics, to decompose the total observed gamma-ray emission into: (a) point-source
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What can we learn from 1pPDF?

Zechlin, Cuoco, Donafo, Fornengo, MR, arXiv:1605.04256
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The study of thel-point and 2-point
statistics of Fermi-LAT maps
(combined with gravitational fracers)

can provide imporfant insights on the
unresolved y-ray sky.

Thank you:
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