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Dark Matter

The presence of DM is supported bg col:)ious and consistent
astrol:)hgsical and cosmological Probcs

- Large scales: Average DM densit9 about 6 times bargon densitg

— Smaller scales: DM distribution is quite anisotropic and hierarchical
clusters — galaxies — subhalos

Observations are compatible with a theoretical unclerstancling of
cosmic structure formation through gravitational instabilit9
based on the LCDM model

Altlﬂough:
- Some Problem on very small scales?

- Role of bargons n galaxg Formationjust started to be investigated



Dark Matter

DM evidence Pure|9 gravitationai

- Gaiaxg clusters dgnamics

- Rotational curves of spirai gaiaxies

- Gravitational iensing

- chirod namical equilibrium of hot £as in gaiaxg clusters
- Energy guclget of the Universe

- The same tiieorg of structure formation

I DM is a new Particle, a non~gravi’tationa| signai (clue to
it’s Particle Piﬁgsics nature)is exloecteci



Particle Physics scales
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Where to search for a signal

DM is Present n:

- Qur Galaxg

- smooth component

- SUbhalos
- Satellite ga[axies (dwarts)

- Galaxg clusters

- smooth component

— individual galaxies

- galaxies subhalos

— “Cosmic web”’




Galactic dark matter signals

disk dark matter halo Halo Signals

*) Chargccl CR (e®, antip, antiD)

(*) Photons

- Gamma~rags

- Prom tProduc’cion
~ IC frome®* on ISRF and CMB

- X~rays
- ICtrome* onISRF and CMB

- Radio

- Sgnchro frome* on mag, field

diffusive halo

(*) Neutrinos

Local signals

*) XX — (o)) — v, v, e~ , p, D (+) Direct detection
(+) Y + N/ — — X + N/ o (+%) Neutrinos from Earth and Sun



E.xtragalactic/cosmological signals

Extragalactic signals

Photons: gamma, X, radio

Neutrinos

5un9aeV~Zelclovic]1 effect on CMB

OPtical clepth of the Universe

Stellar Phgsics

Effects on stellar Phgsics

Neutron stars



Multi: mcsscngcr/wavclcngl:h/tcchnicluc

WIMP WIMP
non WIMP non WIMP WIMP
radio X gamma
Photons
Cosmic rays electrons/l:)ositrons WIMP, non WIMP
antiProtons, antideuterium, antinucle WIMP
Neutrinos WIMP, non WIMP
Direct detection WIMP, non WIMP

Accelerator searches for New Phgsics WIMP, non WIMP



General dcpcnclcncics of the signals

2
AnnihilatingDM S ~ pDM) (Cannv) I(E)
mMDM

as‘crophgsics Particle Phgsics

PDM

Decaying DM S ~

+ additional astroph gsical &epenclence on the Propaga‘cion of the
signal from the source tous



General clcpcnclcncics of the sigpals

X | ¢4 Z WTH

Annihilation (or clecag}

X [ 9 Z W™ H

Relevant Particle Plﬂgsics Properties:

d
1. Annihilation cross section @ (or Aecag rate) A
2. Mass of the DM Par‘ticlc (ov)
3. BRin the different final states r
, , v
1+2: Size of the SIgnaI

2+5: Spectral features

mpm

) Determines also the cosmologica[ relic abundance (For a thermal WIMP)

Qh? =0.11 +— (oannv) =2.3 x 1072 cm® 571



Cha rgccl messengers

— Tranpor’t in the galactic environment
— Ditfusion largelg affects directionalitg - spectral distortion

— Energg losses spectral distortion

- Transport in the heliosphere
~ Affects rigiclities belowlO~5O GeV/n spectral distortion



Anti Protons VS. Antnclcutcrons

Donato, NF, Salati, PRD 62 (2000) 043003
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Electrons/ Positrons

e*/(eT+e)
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Astrophgsical interpretation Bounds on DM

Di Mauro, Donato, NF; Vittino, arXiv:1507.07001 (to appear in JCAP)



Chargccl cosmic rays - Outlook

AntiProtons

Provide strong bounds

Theoretical uncertainties are the limiting factor (nuclear cross~-sections
ancl transport n the Galaxg)

Even thou‘éb affected bg solar modulation, it miéht be important to
aPProaclﬁ e low~energg window (GAPS? ALADINO?)

Antideuterons

Best “cliscoverg” channel at low energies (E <3 GeV)
Prospects for AMS-02 and GAPS

Flectrons/ Positrons above E > 10 GeV

L ocal source: DM or Pulsars’?
Ditficult to separate astro from DM emission

lmPortant to see higher energjes, it migh not be decisive thouglﬁ



Neutral messengers

- Gamma~rags and neutrinos
— Trace (more) clirec‘clg the source
— Energg losses onlg at very large energies

— Angular and energy reso!ution goocl but not excel:)tional

— Radio
— Produced through electrons: source somehow blurred

— Depend onlocal magnetic Fielcl) which are large]9 uncertain

— Great energtj 8I’1Cl angular resolution



Gamma-rag slcg

Fermi/LLAT map

Galactic Foregrouncl emission

Resolved sources
Diffuse Gamma-Ray Backgound (DGRB)



Garnrna-ray s|<9 and DM

Galactic emission

14 — e 18

logS ( M2, kpc®sr)

Extra galactic emission

EG-MSII ‘
-1.0 I i EX



1.0 -3.16 GeV 0.316 - 1.0 GeV

3.16 - 10 GeV

Fermi/LAT excess(es) at the galactic center

Galactic center: an “excess” ?

DM or Pulsars or bursts?
Total Flux Residual Model (x3)
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Dwarf galaxics

|| =™ ©O-year Pass 8 Limit

=— 4-year Pass 7 Limit

-- Median Expected
68% Containment
95% Containment
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Ackermann et al. (Fermi Collab.) , arXv:1503.02641
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E? dd/dEJQ [MeV cm® s sr ]
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E? dd/dEJQ [MeV cm® s sr ]
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DGRDB intcns@ bounds on DM
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Gamma rays - Outlook

Galactic center

Very interesting target, but difficult

Potential hints) under hot discussion

lsotropic gamma—-rag background
Relevant for extragalactic DM

Com lexto seperate a DM sj nal From astro h 5ica| sources
P P 2 Py

Dwarf galaxies

One of the best targets (DM dominated)
Recentlg, new dwarfs have been discovered (DES): great Potentialitg
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BASED ON:

CAMERA, FORNASA, NF, REGIS, AP. J. 771 (2013) L5 GAMMA + COSMIC SHEAR
CAMERA, FORNASA, NF, REGIS, JCAP 1506 (2015) 029 GAMMA + COSMIC SHEAR
NF, REGIS, FRONT. PHYSICS 2 (2014) 6 GENERAL THEORY
NF, REGIS, PEROTTO, CAMERA, AP.J. 802 (2015) L1 GAMMA + CMB LENSING
REGIS, XIA, CUOCO, NF, BRANCHINI, VIEL, PRL 114 (2015) 241301 GAMMA + LSS

CuUoCo, XIA, REGIS, NF, BRANCHINI, VIEL, AP. J. SUPPL. 221 (2015) 29 GAMMA + LSS

ZECHLIN, CUuoco, DONATO, NF, VITTINO, ARXIV:1512.07190 GAMMA 1PPDF
ZECHLIN, Cuoco, DONATO, NF, REGIS, ARXIV: 1605.02456 GAMMA 1PPDF



Indirect dark matter signals

e Indirect detection signals are intrinsica”g anisotropic

(boing Producocl bg DM structures, Prosont at any scaio)

e EM signals (ancl neutrinos) more cliroctlg trace the unclerlging
DM distribution: tiiog need to exhibit some level of anisotrolog

= “E)right” DM objocts: would appear as resolved sources

- C.g: gamma or raclio l’“lalO 8I"OUI’ICI CIUSt@f’SJ clwarF galaxies or even subhalos

- Faint DM objocts: would be unresolved (1.e. below detector sonsitivitg)

_ Difuse Hux:  at first level isotroPic
at a oloepor level anisotropic



DGRDB: not quitc isotropic

Being the cumulative sum of inclepenclent sources (astro/DM)

To first aPProximation: isotrol:)ic
At a deeper level: anisotropies are Present

EG-MSII

-1.0 I . 3.0

Even though sources are too dim to be incliviclua”g resolvecl,
theg can atfect the statistics of Photons across the skg




Photon statistics

Photon Pixel counts (1 Point PDF)

Source count number clN/clS below detection threshold
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Z.echlinj Cuoco, Donato, NF;, Vittino, arXiv:1512.07190

Malyshev, Hogg, Astrophys. J. 738 (201 18]

Zechlin, Cuoco, Donato, NF. Regs, 1605.0425% Energy clepen&ence
Zechlins DM implications
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Photon statistics

Photon Pixel counts (1 Point PDF)

2 Point correlator
an gular Power spectrum

19 — — Cl



Auto Correlation

C)" «— W3 (2)P(k, z)

/

window function
how the signal is distributed in redshift

Power S Pec‘crum

how the signal clusters
Observa‘ciona”g:
Energy dependence is available
Redshift clepenclencci is not available



(C, = Cp)/W? [(em™ s sr!)? sr]

Gamma rays auto-correlation

25107

20107

1.541077F
1.0-107F

5.0-107"5¢

—5.0°1078f

Ackerman et al (Fermi) PRD 85 (2012) 085007
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- & DATA:CLEANED O -
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Multipole /

Fermi/LAT (22 months)
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Overall signhcicance: 90
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111 | 1 1 | I |
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Compatible with being
dominated bg blazars

Cuoco et al PRD 86 (2012) 065004

Harding , Abazajian JCAP 1211 2012) 026

Di Mauro et al JCAP 1411 2014) 012



Photon Pixel counts (I point PDF)
Source count number N/clS below detection threshold

2 Point correlator
an gu!ar power sPectrum

M9 — C %Cl

Can we do more ?



Fold two Picccs of information
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Cross-correlation of EM signal with gravitational tracer of DM

It exploits two distinctive features of Iparticle DM:

Electromagnetic signai: manifestation of the Particie nature of DM

Gravitational tracer: Probe of the existence of DM

It can offer a direct evidence that what is measured bg means of
gravitg is indeed due to DM as a Particle

Camera, Fornasa, NI, Regjs, AP. J. 771 201%) L5
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Cosmic structures and gamma-rays

The same Dark Matter structures tha‘c act as lenses can themselves emit
light at various wavelengths, including the gamma-rays range

- From astrophgsical sources hosted bﬂ DM halos (AGN, SFG, ...)
~ From DM itself (annihilation/decag)

Gamma~rags emitted bg DM may
exhibit strong correlation with

lensing signal

The lcnsing map can act as the filter
needed to isolate the signal hidden

N a large “noise”




Cross angular power spcctrum
(L,(7i1) T4 (712)) —> C7°

C}? +— W,(2)Wy(2) P(k, 2)

window functions

overlap between the two si gnal IS necessary

Power S Pectrum

RCCIS]"NF{T CIC P@ﬂ ClCﬂ ce Camera, Fornasa, NI, Regjs, AP. J. Lett. 771 2013) L5
Camera, Fornasa, NI, Regjs, JCAP 1506 (2015) 029

Energg CIGPCI’]CJGHCC NF, Regjs, Front. Phgsicsl Qo) 6
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Reshitt information in shear

Energg sPectrum of gamma-rays

Wind‘ow functions

1
redshift z

2

Tomogaphic-spcctral approach
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can help n “mtering” signal sources

can help in DM-~mass reconstruction

Camera, Fornasa, NF;, Regs, JCAP 1506 (2015) 029



1 (1+1) C1 /(2T)

Proof of conccpt

Decaying DM Annihila‘cing DM

10-3: T L B B T T T T T T ™ 10_3: T T T T T LA B B Y B ™
C shear - blazar , bbm = bh(M(me)) i B /ﬁ C shear - blazar , bhlﬂ = bh(M(Lbla)) ]
[ T L] [ P
- shear - dec. DM _ "// 4 L shear - ann. DM - g
- T - - —_ // -
F, =210" cm™s" (E> 100 MeV) 1L F =210%em®s" (E> 100 MeV) —

- - lim /
4 4

10 E>1GeV _ — ~ 10 ]
C -1 ] = C ]
T 1 o :
L A SFG ] = |

~ . .

107 |+ ERR U E
I 1 S Cross-correlatign : I . Cross-correlation 1
8 % Fermi LAT - Dark Engrgy Survey = AV\Q Fermi LAT - Eyclid .

-6 | | | L1 111 | | | L1 1 111 | | | -6 | | L1 1 111 | | | | L1111 | | |
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Camera, Fornasa, NI, Regis, AP. J. Lett. 771 2013) L5



Further advanta Zes

Observationall y:

— Auto correlation feels:
- Detector noise (auto correlates with itself)

= Galac’tic Foregouncl (auto correlates with itself: tgpica”y GF i1s
subtractecl, but residuals may be Present)

- Cross correlation “automatica“g” removes:
- Detector noises (2 different detectors, noises do not correlate)

- Galactic Foregrou nGl (GT signa!s do not correlate with galactic

gamma ray emission)

| ife is more complex than that, but these can offer a goocl help



Correlation functions

Source lntensitg

_ Window function
1y(7) Z/dxg(x,ﬁ) W(x) fu

@ensity fie[cf cf the source

/—\ng:ular power spectrum
e } )

1 dy 3D Power spectrum (e.g from the halo model)

— Wi(x) W;(x)Pij(k = £/x; x)

(i) __
=y )

A ~ Y
<f97; (Xa k)f; (Xla k/)> — (27T)353(k o k/)Pij (kv X X/)

fo = lg(xm, 2)/9(z) — 1] f, : Fourier tranform

dn - A
1-haloterm Py (k) = /dm d—fz*(k‘m) fi(k[m)
m Linear matter PS

2-halo term  P(k) = [/ dm d—nb@(m1)ﬂ*(k|m1)] [/ dmg d—nbj(mg)fj(k\mz) P (k)

dmq dmy
Linear bias



I halo *
2 halo \/ depens on sl:)atial clustering

Astro sources tgpicallg considered as Poinb-like

th: Poissonian, clepencls on abundance of sources
2h: traces matter through bias

Dark matter extended



Point-like sources:

if rare: th Ha’t, large
if abundant: appear as more “isotroPic”
th smaller

2h may emerge and givc info on clustering

Extended sources:
th no Ionger ﬂat, suPPressed at scale > size of sources

Main uncertainties for DM: M i
subhalo boost



Window functions for annihilating DM

C [um])ing factor :a measure 01C the clusteri ng

(Qmpe)® (oav)

W’YGDM (X) — 4 2 2 [1 _|_ Z(X>]3 Az(X) Ja(E7 X)
@ mpm DM }oﬁoton “emissivity”
) Halo mc(tiss ﬁmction %—(a[o ﬂoﬁfe
A2(y) = YD) _ am 2 [ o LX) (44 gy )
2 dM 2
PDM @ PDM Subhalo boost
dNa d —r
Ja/d(E7 X) — / dEW dE/ [EW (X)] € [X7Eﬂy X))
AE, 8l
Uncertainties From: Alternative aPProach to the Halo Model:
Minimal hal M Serpico etal. MNRAS 421 (2012) 187
- Inimai Nalo mass My, Sefusatti et al MNRAS 441 (2014) 1861

— Halo concentration c(M)

Gamma~rags are also emitted bg as’crophgsical sources, each of which
has a spechcic window function
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Angular power spcctra

T- N\ T TTTIT

T, T IIIIII|

Dark Matter APS
E T T T T T T TT | T T T T T T TT E
- Cross-correlation y-rays - shear .
i Dark Matter ]
[ \x}(}‘(}’ - ]

E>1GeV

10

100
Multipole 1

1000

Astrophgsica I sources APS

J IIIIIII|

Cross-correlation y-rays - shear
Astrophysical sources

E>1GeV

\
L Labi

|
o)
C
>
11 IIIIII|

1 IIIII\I\|

F,=210"cm”s" (E> 100 MeV)

-
1 I I
-
| I I N I I | | | I I N I |

100 1000
Multipole 1

Camera, Fornasa, NF; Regis, JCAP 06 2015) 029



Detection forecasts
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Scnsitivitg limits forecast
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Scnsitivitg on DM Paramctcrs
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First analysis on data
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FERMI/GAMMA *+ PLANCK/CMB LENSING




Fcrmi/gamma + Planck/CMB |cnsing
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Cross-correlation: 3.00 evidence
Coml:)atible with AGN + SFG + BLA gamma-rays emission
Points toward a direct evidence of extragalactic origin of the IGRB

NF; Perotto, Regjs, Camera, ApJ 802 (2015) LI



Window functions: DM x CMblcnsing
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CMbB lensing is not the best observable for DM

Instead it can nol:)emcung nelp n constraining astrol:)ngsical sources

NF, Regjs, Front. Physics 2 2014) 6



FERMI/GAMMA X GALAXY CATALOGS

Redshift (V,, / ¢)
2MASS Redshift Survey (2MRS)
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Wwindow functions: DM x LSS
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NF, Regis, Front. Phgsics 2 Qo) 6

Anclo, Benoi‘vLevg, Komatsu, PRD 90 (2014) 023514

Ando, JCAP 1410 (2014) 061
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Cross correlation with galaxy catalogs

Cuoco, E)randbgge, Hannesta&, Haugbo”e, Miele, PRD 77 (2008)123518 th
Xia, Cuoco, Eranchini, Fornasa, \/iel) MNRAS 416 2011) 2247
SDSS 6, 2MASS, NVSS, SDSS8LRG x Fermi 21 months no signal

Xia, Cuoco, Branchini, Viel, APJS 217 (2015) 15
SDSS 6 QSO, SDSS 8 MGS, SDSS LRG, 2MASS, NVSS

x Fermi 60 months s_ign_al
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Fermi + 2MASS
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The observed cross-correlation®™ can be rel:)roclucecl (both in shal:)e and
size) bg a DM contribution that is largelg subdominant in the total intensitg

Regjs, Xia, Cuoco, Branchini, NF Viel, PRL 114 (2015) 241301
(*) Xia, Cuoco, Branchini, Viel, APJS 217 (2015) 15



Fermi + 2MASS
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Bounds ratios
Correlation technique IS stronger

Regjs, Xia, Cuoco, Branchini, NF, Viel, ApJS 221 (2015) 29

For LRG, see also: Shirasaki, Horiuchi , Yoshida, PRD 92 (2015) 123540



Extension of the cross correlation approacl':

NF, Regjs, Front. Phgsicsz Qo) 6
e Gravitational tracers: Gz

~ Weak lensing surveys (cosmic shear) traces the whole DM
- CMB lensing

- 1L.SS surveys traces light > bias

o Electromagnetlc sxgnals: E,
- Radio
- X

- Gamma <Gz X Eb> <Ea X Eb>

Xrays: see also Zanclanel) Weniger, Anclo, JCAP 09 2015) 060



Additional cross correlations channels
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| SS tracers and gravitational Probes

NF, Regjs, Front. Physics 2 2014) 6



Cross~-correlations - Outlook

In order to seParate a DM non~gravitationai signai from other
astroPiiysicai emissions, a filter based on the DM Properties (i.e. the
associated gravitational Potential) appears to be very Promising

Cross-correlations offer an emergin g oPPortunitgz

- DM Particle signal: multiwavelengiwt emission (raelio) X, gamma)

- DM gravitationai tracers: cosmic~si1ear, LSS surveys, CMB

Gamma rays + cosmic shear: cleanest Possibiiitg, appears quite

ensing

DOWCFFU l

First relevant observational oPPortunitg hoPeicullg soon years with DES

High~sensitivit9 will rec]uire Fuclid together with the total accumulated

Fermi statistics (Plus Possible novel gamma-ray detectors)

In ti’lC meanwi'iile, two gamma-rags/ gravitgﬁcracers correlations appear to

have been identified:

— Cross-correlation with galaxg catalogues and LSS objects (».50)

— Cross-correlation with Cl\/\5~iensing (».00)



EXCITING TIMES AHEAD AND

A LOT ®E. FUN EXF’ECTED'










AMS-02 Pba r/ P

10-3 Kounine, “AMS Aags” at CERN, APril 2015

¢ PAMELA 2012
¢ AMS-022015

g
é&
10-5 Uncortainy fom — gﬁz:f:icﬁons 1 Evoli, Gaggero, Grasso, arXv:1504-.05175
Propagation x107*
B Primary slopes 8 T T T TTTTT] T LI
~ Solar modulation ® AMS—02
107 1 5 10 50 100
Kinetic energy T [GeV] 5
Giesen et al., JCAP 1509 (2015) 02%
<
o,
1
O 1 1 L1 111 II 1 1 L : :
10 10° IS
Kinetic Energy [GeV] =~ - g ;
In addition AMS is bringing Verfﬁ detailed S [ AMS-02 pp data f
information on cosmic rays nuclei (e. g B,/C) which B BIC bestfitin sample | |
. . &8 — — — D/p best fit in sample
will allow shapm{g the CR transport models 107 g% propagation uncertainties |
(DRAGON, Ga frop, Usine, non Public codes) ' nuclear uncertainties .
This is relevant for both DM signals and its e :

bac kgrou ncls T [GeV/n]

Kappl, Reinert, Winkler, JCAP 1510 (2015) 034



Gamma rays - theoru ] PPDI:

|ee, A;do) Kamionkowski , JCAP 0907 (2009) 007
Dodelson, Belikov, Hooper, SerPico, PRD 80 (2009) 085504
Baxter, Dodelson, Koushiappas, Strigari, PRD 82 (2010) 123511
Lee, Lisanti, Safdi, JCAP 1505 (2015) 05 056

Feyereisen, Ando, Lee, JCAP 1509 (2015) 027

Gamma rays — hlgjﬂ latitudes
Mal sﬁev, Hogg, Astrophgs. J. 738 (201) 181
Zechlin, Cuoco, Donato, NF. Vittino, arXiv:1512.07190
Zechlin, Cuoco, Donato, NF, Regjs, to appear

Gamma rays — galactic center
Lee, Lisanti, Safti, Slatyer, Xue, Phys. Rev. Lett. 116 (2016) 5 051103
Linden, Rodd, Safdi, S atyer, arXiv:1604.01026
Horiuchi, KaPlinghat) Kwa, arXiv:1604.014-02

Radio P(D)
Scheuer, PCPS 55 (1957) 764
Condon, ApJ 188 (1974) 279
Venstrom, Scott, Wall, MNRAS 440 (2014) 278
Vernstrom, Norris, Scott, Wall, MNRAS 447 (2015) 2243

X rays
Hasinger et al. A&A 275 (1993) 1

Soltan, A&A 532 (2011 A9



Photon counts
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Flux PDF
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Wavelet analgsis
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APPIiecﬂ to the GC excess: search for a largﬁz number of dim
MSP-like sources, sl:)atiang distributes as the GC excess

Bartels, Krishnamurthg) Weniger, PRL116 (2016) 05102



Gamma rays autocorrelation

Ando, Komatsu, PRD 7% (2006) 025521 DM
Ando, Komatsu, Narumoto, Totani, PRD 75(2007) 063519 DM

Cuoco, Hannestad, Haugbo”c, G. Miele, Serpico, Tu, JCAP 0704 (2007) O1» DM

Cuoco, Branclbgge, Hannestad, Haugbo”e, Miele, PRD 77 (2008 )123518 DM
Siegal-Gaskins, JCAP 0810 (2008) 040 DM
Siegal-Gaskins, Pavlidou, PRL 102 (2009) 241301 DM
Arjo, PRD 80 (2009) 023520 DM
Fornasa, Pieri, Bertone, Branchini, PRD D80 (2009) 023518 DM
Taoso, Ando, Bertone, Profumo, PRD 79 (2009) 043521 DM
Ibarra, Tran, Weniger, PRD 81 (2010) 023529 DM
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Zavala, V. Springel, M. Boglan-Kolchin, MNRAS 405 (2010) 59% DM
Cuoco, Sellerholm, Conrad, Hannestad, MNRAS 414 (3) (2011) 2040 DM
Campbe”) Dutta, PRD 84 (2011) 075004 DM
Fornasa, Zavala) Sanchez~Concle) Gaskins, Delahage, MNRAS 429 (2012) 1526 DM
Ando, Komatsu, PRD 87 (2013) 12%5%9 DM
Campbe”, Beacom, arXiv:1312. 5945 DM
NF, Regjs, Front. Physics 2 2014) 6 DM

Gomez-Vargas et al, NIM A742 (2014) 149 DM



Gamma rays autocorrelation

Ando, Komatsu, Narumoto, Totani, MNRAS 376 (2007) 1635 astro
Miniati, Koushiapl:)as, DiMatteo, APJ 667 (2007) LI astro
Ando, Pavlidou, MNRAS 400 2009) 2122 SFG
Sicgal-vGaskins) Reesman, Pavlidou, Profumo, Walker, MNRAS 415 2011) 10745 MSP
Cuoco, Komatsu, SiegaLGaskins, PRD 86 (2012) 063004 astro
Harding, Abazajian JCAP 1211 2012) 026 BLA
Di Mauro, Cuoco, Donato, SiegaLGaskins, JCAP 1411 Q0O14) 012 AGN

Calore, Di Mauro, Donato, Donato, ApJ 796 2014) 1 MSP



Auto Correlation

Densitg feld: DM clensitg contrast(%)
0 annihilating DM

52 clecaging DM

P (k, z)

PO (K, 2)



Gamma rays auto correlation
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Correlation functions

Source lntensit9

_ Window function
1y(7) Z/dxg(x,ﬁ) W(x) fu

@ensity ﬁ'efcf cf the source

W(2): does not clepencl on direction
clepcncls on redishift
depencls on energy

g(z, n): describes how the “field” chan ges from Point to Point
contains the &ependence on abundance of sources
distribution

Ig (ﬁ) — a?m 1 :

— Clgk — alg;zafm
(7)) — dF 2”%;



Correlation functions

Source lntensitg

_ Window function
1y(7) Z/dxg(x,ﬁ) W(x) fu

@ensity fie[cf cf the source

Cross~-correlation angular power spectrum
A ) )

1 d 3D Power spectrum (e.g from the halo model)

— Wi(x) W;(x)Pij(k = £/x; x)

(i) __
=y )

A ~ Y
<f97; (Xa k)f; (Xla k/)> — (27T)353(k o k/)Pij (kv X X/)

fo = lg(xm, 2)/9(z) — 1] f, : Fourier tranform

dn - A
1-haloterm Py (k) = /dm d—fz*(k‘m) fi(k[m)
m Linear matter PS

2-halo term  P'(k) = [/ dm d—nb@(m1)ﬂ*(k|m1)] [/ dmg d—nbj(mg)fj(k\mz) P (k)

dmq dmy
Linear bias



I halo *
2 halo \/ cle':)ens on sPatial clustering

Astro sources: tgpicallg considered as Point—like

th: Poissonian, clepencls on abundance of sources
2h: traces matter through bias

Dark matter: extended



Point-like sources:

if rare: th Ha’t) large
if abundant: appear as more “isotropic”
th smaller

2h may emerge and givc info on clustering

Extended sources:
th no longer ﬂat, suPPressed at scale > size of sources

Main uncertainties: M.,
subhalo boos‘c



3D Power spcctra

Annihila’cing DM
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Obn(M)  Bias between halo and matter
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3D Power spcctra
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Angular power spcctra

Dark Matter APS
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Cross Correlation

Densitg feld: DM clensitg contrast(%)
) annihilating DM, Iensing, [.SS
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Cross Correlations

° Lensing observables

- Cosmic shear: clirectlg traces the whole DM distribution
Camera, Fornasa, NF; Regjs, Ap. J. Lett. 771 2o’) L5
Camera, Fornasa, NI, Regjs, JCAP 06 (2015) 029

- CMbB |cnsing: traces DM iml:)rints on CMbB anisotrol:)ies

NF, Perotto, Regjs, Camera, Ap. J. Lett. 802 (2015) 1 L1
NF, Regjs, Frontiers in Phgsics, 2 Q04) 6

P Large scale structure

— Galaxy catalogs: trace DM by tracing light
Y S ?l g8

Cuoco, Branébgge, Hannestacl) Haugbo e, Miele) PRD 77 (2008 )123518
Ando, Benoit-Levy, Komatsu, PRD 90 (2014) 023514

NF, Regis, Front. Pﬁgsicsl Qo) 6

Ando, JCAP 1410 (2014) 06

Xia, Cuoco, Branchini, Fornasa, Viel, MNRAS 416 (2011 2247

Xia, Cuoco, Branchini, Viel, ApJS 217 2015 115

Regjs, Xia, Cuoco, Branchini, NF Viel, PRL 114 (2015) 24 241301

Cuoco, Xia, Regs, Branchini, NF, Viel, ApJS 221 2015) 29



Detectors and confi gurations

Parameter Description DES Fuclid
Jsky Surveyed sky fraction 0.12 0.36
N, [arcmin™?] Galaxy density 13.3 30
Zmin — Zmax Redshift range 03—15|0-—-25
N, Number of bins 3 10
A, Bin width 0.4 0.25
o./(1+ 2) Redshift uncertainty — 0.03
O Intrinsic ellipticity 0.3 0.3
Parameter Description Fermi-10yr | Fermissimo
fsky Surveyed sky fraction 1 1
Enin — Fmax [GeV] Energy range 1 — 300 0.3 — 1000
Ng Number of bins 6 8
e [cm? §] Exposure 3.2 x 1012 | 4.2 x 1012
(op) |deg] Average beam size 0.18 0.027

Combinations:
DES + Fermi 10 yr

Fudid + “Fermissimo”
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Fermi x 2ZMASS
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of correlation in *) includes tomographg

Ando, Benoit-Levy, Komatsu, PRD 90 (2014) 023514
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Fermi + LSS catalogs: DM + astro sources
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Degeneracg between DM and mAGN:

*) Enhanced mAGN contribution
*) SuPPressecl mAGN contribution

Regjs, Xia, Cuoco, Branchini, NF;, Viel, PRL 114 (2015) 241501
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Measured power and scales
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Data show power at the sub-degree scalc

At the 2MASS reclshi{:t) sub-deg corresponds to Mpc scales, which are
more compatible with DM or mAGN, rahter than SFG
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Regjs, Xia, Cuoco, Branchini, NF;, Viel, PRL 114 (2015) 241501



Fermi/ gamma + Planc‘c/CMb |cnsing

Analgsis:
— Fermi-LAT 68 months
- Planck 2013 and 2015 lensing releases

- Galactic emission subtracted
- Masks for CMB lensing:
- Planck official masks (available skg fraction 70%)
-5 degapodizecl
- Masks for gamma rays:
- Planck masks +|b| < 25 cleg cut
-1 cleg cut around 2FGL (ABFGL) Fermi source catalogs aPoclized b, deg/?.
dee
skg fraction 24% (2%%)

Results stable for different sets of apodization and galactic masks, inclucling Fermi

bubble mask

NF; Perotto, Regjs, Camera, ApJ 802 (2015) L1



Planck CMB |cnsing

2 e ' ' ' T ' T T
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‘; TN _ Planck Co”aboration, arXiv:130%.5077 [2013]
: / @Y Planck Collaboration, arXiv:1502.01591 [2015] ]
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° CMB~lensingautocorrelation is measured: 400 signiﬁcance
° CMB—-lensing: integrated measure of DM distribution up to last scattering
o It might exhibit correlation with gamma-rays emitted in DM structures
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Dwarf galaxics
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