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Heavy Elements:

S Neutrinos:
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Ade et al. (Planck Collab.), arxiv: 1303.5076
[] Riess et al., Ap. J. 750 (201D 119
[+] Freedmann et al., AP. J. 758 (2012) 24

Dark Energy:
70%

Overwhelming evidence:

Dynamics of galaxg clusters
Rotational curves of galaxies
Weak lensing

Structure formation from Primomlial
densitg fluctuations

Energy clensit9 buclget



Dark Matter

° On]g “seen” gravitationa”g

e Can be ascribed to:

- Modification of the theorg of Gravity
- Elementarg Particle, relic from the earlg Universew

- No viable candidate in the Standard Model (s’canclarcl,
almost massless, neutrinos do not work) x

- New Funclamental DthiCS bé}jOﬂCﬁl thé SM

- To demonstrate that it’s a new Particle, a non-gravitational

W signal (cﬂue to it’s particle Phsgics nature) is needed




How comes a parl:ic'c Physics intcrprctation?
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Plasma phase

In this Primorclial PhaSC) U. evolutionis  In this Phase, U. evolution is determined

determined bg Particle interactions onlg bﬂ gravitg



PRIMORDIAL FLUCTUATIONS

v

GROWTH OF PERTURBATION BY
GRAVITATIONAL INSTABILITIES

DARK MATTER ACTS AC

KEY ELEMENT (AND IS
REQUIRED TO BE
EFFECTIVELY COLD [HMSH])

STRUCTURE FORMATION
(GALAXIES, CLUSTERS)



Collisions in the Primorclial Plasma

X X

Elastic process kinetic equilibrium
a a
X a

Inelastic process chemical equilibrium
X a

Both processes are able to moclhcy the Phase~space distribution E(P,T)

Elastic processes: do not moclhcg the number clensi‘cg n.(T)
Inelastic processes: do moclhcg the number densitg n,(T)
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The “WIMP” miracle

WIMP: Weaklg lnteracting Massive Particle
my ~ (GeV + TeV)

o
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Succesfull DM candidate

e Needs to be Produced in the earlg Universe

o Needs to be “cold” (or, at leas’c, “warm” enougl’])

- For thermal Procluction: weaklg interacting and massive (WIMP)
Qh? ~ (ov).}! > (0V)ann = 3 - 107 %cm?s ™

ann

unless coannihilation occurs

-1 liglﬁt, it nevertheless needs to act as “cold” (see the axion)

e Needs to be neutral

o Needs to be stable (or, if it clecags, it needs a lifetime
larger than the age of the Universe)



Alternatives

The standard aracligm for CDM is a thermal sgmmetric relic (1.e. Particle
and antipartic es have the same number clensitg)

Asgmmetrg between Particle/ antipar‘cicle is an alternative

~ Boltzmann eq.s are modified

- TI’TIS mag Ilﬂ!( DM abundance to bargon asgmmetrg

Non-thermal Production may also be Possible
- eg: Particle not Fu”g excited in the Plasma
- eg: DM Procluced bg the &ecag of a heavier Particle



NON — GRAVITATIONAL SIGNALS OF
PARTICLE DM



Mechanisms of DM signal Production

| 49 7 WHH
Annihilation (or clecag)
I 49 7 W™ H
X
Scattering with ordinarg matter
q
X
+ other states Procluction at accelerators



Mechanisms of DM signal Production

X | 4 Z WtH
X L4z W H Signals occur in astrophgsical context
Directlg test the Partic|e~|:>|135ics
X X nature of DM
q q
et 4 X Signal Producecl in accelerators

Directlg tests New Physics: compatibilitg
with DM neecls to be cross~chec‘<ed
with cosmologg adn astrophgsics

+ o’cher states




Where to search for a signal

DM is Present N:

- Qur Galaxg
- smoo’ch component

- subhalos
- Satellite galaxies (dwarfs)

- Galaxg clusters
— smooth comPonent
- incli\/iclualgalaxies

-~ galaxies subhalos

— “«Cosmic web”



Signals in the local environment

DiIsK DARK MATTER HALO

View from the side

DIFFUSIVE HALO

HELIOSPHERE

GALACTIC SIGNALS

DIRECT DETECTION
ELECTRONS/POSITRONS

ANTIPROTONS

ANTIDEUTERONS

PHOTONS (FROM RADIO TO GAMMA RAYS)
NEUTRINOS




DiIsK DARK MATTER HALO

LocAL DM HALO

DIFFUSIVE HALO

HELIOSPHERE

GALACTIC SIGNALS

DIRECT DETECTION

ELECTRONS/POSITRONS

ANTIPROTONS

ANTIDEUTERONS

PHOTONS (FROM RADIO TO GAMMA RAYS)

NEUTRINOS FROM EARTH AND SUN




DiIsK DARK MATTER HALO

LocAL DM HALO

DIFFUSIVE HALO

HELIOSPHERE

GALACTIC SIGNALS

DIRECT DETECTION

Feels ony the local DM densitg (not space distribution)
Feels how DM is Iocang distributed in velocitg space

q

(s; heavy; u, d) (s; heavy; u, d)



DiIsK DARK MATTER HALO

LocAL DM HALO

X X

For gravitational
caPture in the
Sun and Earth

q

(s;heavy; u, d)

DIFFUSIVE HALO

q

(s; heavy; u, d)

HELIOSPHERE

GALACTIC SIGNALS

X | 49 Z WtH
Feels ony the local DM der,]sfcg (not s’Pa,ce dlstlilbutlon? For the generation
Feels (somehow) how DM is loca”y distributed in velocntg space of the neutrino
signal

NEUTRINOS FROM EARTH AND SUN X !l 9 Z W™ H




DiIsK DARK MATTER HALO

DM HALO PROFILE

SUBSTRUCTURES
DIFFUSIVE HALO
HELIOSPHERE
GALACTIC SIGNALS
DIRECT DETECTION
ELECTRONS/POSITRONS X 1 9 7 WHH

ANTIPROTONS

ANTIDEUTERONS

PHOTONS (FROM RADIO TO GAMMA RAYS)
NEUTRINOS FROM THE GALAXY X 1 4 Z W™ H




GALACTIC DIFFUSION
ENERGY LOSSES
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TRANSPORT IN THE HELIOSPHERE

p, D

HELIOSPHERE

GALACTIC SIGNALS

DIRECT DETECTION

ELECTRONS/POSITRONS
ANTIPROTONS
ANTIDEUTERONS

PHOTONS (FROM RADIO TO GAMMA RAYS)
NEUTRINOS FROM THE GALAXY



DiIsK DARK MATTER HALO

GAMMA RAYS
PROMPT (17° DECAY)
IC FROM e+/e- ON ISRF

RADIO
SYNCHROTRON EMISSION FROM
e+/e~ ON GALACTIC B

DIFFUSIVE HALO

HELIOSPHERE

GALACTIC SIGNALS

DIRECT DETECTION
ELECTRONS/POSITRONS
ANTIPROTONS
ANTIDEUTERONS

PHOTONS (FROM RADIO TO GAMMA RAYS)
NEUTRINOS FROM THE GALAXY




E‘:xl:ragalactic/ cosmological signals

Extragalactic signals

Photons: gamma, X, radio

Neutrinos

5ungaev—Zeldovich effect on CMB

OPtical depth of the Universe

Stellar Phgsics

Effects on stellar Phgsics

Neutron stars



Indirect astrophysical signals

Annihilation (or decag)

X ! 49 Z W™ H

Relevant Particle Phgsics Properties:

P
1. Annihilation cross section @ (or decag rate) A
2. Mass of the DM Particle (ov)
3. BR in the different final states I
v
1+2: Size of the signal

2+9: Spectral features

) Determines also the cosmological relic abundance (1Cor a thermal DM)

Qh? =011 +— (oanuv) =23 x 1072 cm?® 571



FLUX/INTENSITY SEARCHES




Gamma-rags slcy

Fermi/LAT
Photon energies: E>1GeV
Observation time: 5 yrs

N~bocl9 Aquarius simulation

14— — .18

log S ( M, kpc®sr?)
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Gamma-rays intcnsity

T
MAGN Calore et al. 2013
SF Ackermann et al. 2012
FSRQ Ajello et al. 2012w
BL Lac Abdo et al. 2010w
MSPs Calore et al. 2012 ==

Fermi EGB —=—1 |
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1 10
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100

Astrophgsical contributions

Example of DM signal



Gamma-rays: Bounds on DM annihilation
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T Bringman et al., PRD 89 (2014) 023012
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Gamma~rays: Bounds from speciﬁc targets

= Combined Dwarfs (LAT) \\
(| == Segue 1 (LAT rescaled) \\ VERITAS: SCgUC ]
99 [| == Segue 1 (VERITAS) \\
10 F| == Galactic Center (H.E.S.S.) AN e
i "\ s ]

1026 . FERMI: 14 dwarf galaxies (NFW Proﬁle) ;

10! 102 103 10*
mpwm (GGV)

Ackermann et al. (FERMI), PRD 89 (2014) 042001
Alu et al. (VERITAS), PRD 85 (2012) 062001
Abramovski et al. (HESS), PRL 106 (2011) 161301



Dwarf galaxics

= 4-year Pass 7 Limit
|| = 6-year Pass 8 Limit
—-- Median Expected
68% Containment
95% Containment
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Ackermann et al

. (Fermi Collab.), arXiv:150%.02641

- Thermal Relic Cross Section
,,,, (Steigman et al. 2012) 3
bb 7
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1.0 -3.16 GeV 0.316 - 1.0 GeV

3.16 - 10 GeV

o Fermi/LAT excess(es) at the galactic center
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Some potcntial hints in gamma-rays

- ComPatible to “10 GeV’ DM
Total Flux Residual Model (x3)

2.5° 0°  -2.5° 2.5° 0° -2.5°

Daylan et al., arXiv:1402.670%
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Hooper, Goodenough, PLB (201) 697 (201)
Hooper, Linden, PRD 84 (2011) 123005
Bogarskg etal., PLB (201D 705
Daglan et al., arXiv:1402.670%
Abazapian et al., arXiv 1402.4090
Lacroix, Boehm, Silk, arXiv: 140%.1987

10* 102

Calore et al. PRD 91 (2015) 065003



Some potcntial hints in gamma-rays

Han, Frenk, Eke, Gao, White, arXiv:1201.100%
o Extended gamma-ray emission from the Virgo, Fornax ancI Coma

- Weak hint, cosmic rays can account forit although with lower signiﬁcance than DM

, . , . Zechlin, Horns, JCAP 2011(2012) 050
i UHlClCﬂtﬂqCCl Ferm ObJCCtS Berlin, HooPcr, PRD 89 (2014) 016014

- 30% of detected gamma-rays sources in Fermi catalog are unidentified: DM clurnps?

- Some Po’cential candidates, although Possible association at other wavelengths



GALACTIC DIFFUSION
ENERGY LOSSES
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TRANSPORT IN THE HELIOSPHERE

p, D

HELIOSPHERE

ELECTRONS/POSITRONS
ANTIPROTONS
ANTIDEUTERONS




Antiprotons: (currcnt!y) a channel for bounds
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Antideuterons: a channel for signal discovcry

. bb channel - mpy = 20 GeV uti - 10 GeV — EIN MED - CD_60_0.60_1
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Anti >Helium: currcntly cluitc far

DMDM — bb  mpuy=40GeV  Peoa = 195 MeV DMDM — W'W~ mpy =1000 GeV
1072 1072
107 107
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Cirelli, NF, Taoso, Vittino, JHEP 1408 (2014) 009
See also: Carlson, Coogan, Linclen, ProFumo, lbarra) Wild, PRD 89 (2014) 076005
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Positrons: DM intcrprctation

DM DM - uu, NFW profile DM DM - uu, Iso profile
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Bounds from IC gamma-rays on “Positive” interpretation

Cirelli, Kadastik, Raidal, Strumia, NPB83 (2009) 1
as updated in arXiv:0809.24-09v5



Radio signals from dark matter

e DM annihilation into e+/e~ Procluces radio signals bg
sgnchrotron emission in galac’cic/ extragalactic magne’cic fields

e Emission in the MHz-GHz Frequencg range occurs for:

- Electrons/ Positrons energies in the GeV-TeV range
- Magnetic fields of the order of microG

E 2
vars ~ Bug (15 GeV)

Relevant interval for WIMP DM in the GeV-TeV mass range



Morphologg of radio slcg at45 MHz

NFW
MIN propag params

observed

7.2 7.4 76 78 8 8.2 8.4 8.6 8.8 9 9.2 7.2 7.4 76 7.8 8 8.2 8.4 8.6 8.8 9 9.2

[ed:Arx1e] €00 (TI0T) 10 Ay DI ‘0soe ‘siFay ‘sotur] YN

NFW NFW

MED propag params | N R | [ N R | MAX propag params
10 GeV DM NFW tuned to Via Lactea Il
Annihilation into muon with thermal cross section No substructures included

Exp decaying B(r,z) with B;or = 6 microG (GMF )



408 MHz

820 MHz 1420 MHz

Fornengo, Lineros, Regis, Taoso (2011)
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Galactic radio signal: bounds

NF, Lineros, Regis, Taoso, JCAP O1 (2012) QO

Fornengo, eros, Regis, Taog (2011)

10-2 L w'w GMFmodell | :
E MIN | E
[ MED
10—23 3 MAX —— | 3
E NFW — '
- Isoth: 1 - !
10 24 sotherma ! ]
5
EIO_ZS

107% !
All-sky bounds from individual frequencies
10° 10 10% 10°

Mpy [GeV]

Lower Frequencies better for lighter DM

Constraining power also clepends on s|<9~coverage and sensitivitg of the survey

NF; Lineros, Regis, Taoso, JCAP 0% (2012) 0%3

Extragalactic radio has a similar (slightlg worse) constraining power (but ditferent
uncertainties in modeling)

orov Pierpaoli, PRD 88 (2013) 023504

E
Bounds from speciﬁc target start to be comPetitive (dwalfg{: gaiaxxes; Androme a)



Allowed cross section <ov> (cm3 /s)

10724

10—25

10—26

10—27

Speciﬁ'c target: Andromeda

XX - bb

7
v
3

B" = SOﬂG, ayv. !

| Thermal relic _|
s |

L7
=By =15 uG, cig9 = 12H
I I I 1
By = 50 ,IuG, €100 = 12

BU : 50 ﬂG, ('.100 : 28
BO =300 /,lG, Cio0 = 28

1

50

100

200 500

WIMP mass m, (GeV)

1000

Allowed cross section <ov> (cm3 /s)

1072

—

S
&)
=

._.
S
[ e)
wn

10—26

10—27

x> tht

= =~ d By =15 4G, ci0 = 12
::? P By =50 uG, cjpo =12
7 B, =50 uG, av.
- 27 | |
€ By = 50 uG, 1o = 28
| - By =300 uG, cq0 =28
10 20 50 100 200 500 1000

Egorov and PierPaoli, arXiv:1504.0517

WIMP mass m, (GeV)



Spcciﬁ'c target: local group clSPh
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Regjs, Colafrancesco, Profumo, De Blokl, Massardi, Righter, JCAP 1410 2014) 016



“ARCADE” excess

Singal etal., Astrophgs. J. 750 (201) 138
Kogut et al., Astroplﬁgs. J. 7354 201) 4

After subtraction of an isotropic component, ARCADE reports a remainingﬂux 5—-6
times larger than the total contribution from detected extragalactic radio sources
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A new Popula’cion of numerous and faint radio sources (able to dominate source
counts arouncl U Jg ﬂux} has to be introcluce&



“ARCADE?” excess

DM can easilg explain the excess without ~ 0'F e oS
special fine tunings (currentlg: onlg viable B - ff;ﬁlﬁi;ﬂdéi? S
, , , 4 _
and consistent mterl:)retatlon) 10°¢ — b-b, Mp,=100GeV ,bf=20
-- Best-fit power-law of the excess
10’ E
(Slight) Preference for light g
(around 10 GeV) and lePtoPhilic DM E 10k .
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Anistropies at hith ) might Put the DM - ngOlO';ﬁcm”s ;W
interl:)retation under deep scrutin9 o el ol
107 10" 10” 10' 107

v [GHz]

NF, Lineros, Regjs, Taoso, PRL 107 (2011) 27 27

(*) Holder, ApJ 780 (2014) 112



BEYOND INTENSITY:.
THE ANISOTROPIC SKY




Features of the multiwavclcngth DM signals

e Sources of DM signals are:

- Faint
- \/erg numerous

o The cumulative emission from these unresolved sources
Produces a nearlg “isotrol:)ic” component) but ...

e DM sources can atfect the statistics of Photons across
the skg) even tlﬂough theg are too dim to be incliviclua”g
cletectecl

statistical correlations



Simulation of extraG gamma-ray emission

intensitg at4 GeV
My, = 200 GeV
<0ov> thermal

bb c]ﬁannel

EG-MSII \
-1.0 I 3.0

EG-MSII
Fornasa et aI.J MNRAS 529 (ZO]5> ]529 -1.0 I . 2.0



Pixel counts (“l-Point” correlation function)

It can constrain the source numbcr counts below detection thresholcl
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Vernstrom et al, MNRAS 440 (2014) 2791

103 102

example taken from radio emission

For gamma-rays, see : Malgshev, Hogg, ApJ 758 (201 181 (and wait a couple of months for news ...)



(C, = C/W? [(em™s7" sty sr]

2-point auto-correlation function

Gamma~rags
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NF, Lineros, Regjs, Taoso, JCAP 0% (2012) 0%3
See also: Zhang, Sig|, JCAP 0809 (2008) 027



Gamma-rags auto-correlation

For | > 100 galactic toregrouncl can be negleted: EGB contribution

Features of the signal Point toward interpretation in terms of blazars

DM Iikelg Plags a subdominant role
(as for total intensity)

Difficult to extract a clear WIMP
signature from the EGB alone

For the gamma autocorrelation signal:

Ando, Komatsu, PRD 73 (2006) 023521

Ando, Komatsu, Narumoto, Totani, PRD D75 (2007) 063519
Miniati, Koushiappas, Di Matteo, ApJ 667 (2007) L1
Siegal-Gaskins, JCAP 0810 (2008) 040

Cuoco, Brandbgge, Hannestacl, Haugboc”e, Micle, PRD 77 (2008) 123518
Zhang, Sig|, JCAP 0809 (2008) 027 (2008)

Fornasa, Pieri, Bertone, Branchini, PRD 80 (2009) 023518

Taoso, Ando, Bertone, Protumo, PRD 79 (2009) 043521

ibarra, Tran, Weniger, PRD 81 (2010) 023529

Cuoco, Se”erholm, JConracl, Hannestad, MNRAS 414 (2011) 2040
Cuoco, Komatsu, Siega[—Gaskins, PRD 86 (2012) 063004
Harding, Habazajian, JCAP 11 2012) 26
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GOING FURTHER BEYOND:

GAMMA RAYS/COSMIC SHEAR
CROSS CORRELATIONS




Weak gravitational |cnsing

o Weak lensingz small distortions of images of distant galaxies, Produced
bg the distribution of matter located between backgrouncl galaxies and

the obser\/er

e Powerful Probe of dark matter distribution in the Universe

<0 > ()

convergence K

shear

Ol @| o
0




Cosmic structures and gamma-rays

The same Dark Matter structures that act as lenses can thcmselves emit
light at various wavelcngths, inclucling the gamma-rays range

- From astroplﬁgsic:al sources hosted bg DM halos (SFG, AGN, ...)
— From DM itself (anni]’xilation/clecag)

Gamma~rags emitted bg DM may
exhibit strong correlation with

|ensing signal

The Iensing map can actasa ﬁlter to
isolate the signal hiddenin a large

“noise”




The signal

Cross-correlation of:

— Gravitational shear with

- Extragalactic gamma-ray backgrouncl (the residual
radiation contributed bg the cumulative emission of
unresolved gamma-ray sources)

| ooked througln the statistical correlations encoded in its
Cross angular power sPec’crum

Cy?

Camera, Fornasa, NI Regjs, Ap. J. Lett. 771 (2013) L5
Camera, Fornasa, NI, Regs, arXiv:1411.4651, to appear in JCAP
NF, Regjs, Front. Phgsics 2 2014) 6



Correlation functions

Source lntensitg

I,(7) = /dxg(x, ) W(x)

Window ﬁmcu’on
depends on: source redshift-distribution  for Iensing
DM Photon emissivitg for gamma-rays

Cross—-correlation angular Powcr sPec’crum

1 dy
I ] Wi(x) W;(x)Pij(k =€/x,X)

3D Power spectrum

Cl) -

<fgi (X7 k)f; (X/a k,)> — (27T)353(k - k/)Pij(k7 X X/)
fg = [g(a:|m, Z)/g(z) o 1]



Window functions

Window functions

DM Peaks at lower z

-~

&
&

/

1 IIIIII|/

1 2
redshift z

Camera, Fornasa, NI, Regjs, Ap. J. Lett. 771 (201%) L5



1(1+1) C,/(2m)

Cross~correlation Prcclictions

clecaging DM annihila’cing DM
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Camera, Fornasa, NI, Regjs, Ap. J. Lett. 771 (2013) L5



Energy s|icing and redshift tomography
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Reshift information in shear: can help In “ﬁltering” signal sources

Energg sl:)ec:trum o1c gamma-rays: can help in DM-~-mass reconstruction



Forecasts for conceivable conﬁ’gurations

Parameter Description DES Euclid
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
Oc Intrinsic ellipticity 0.3 0.3
Parameter Description Fermi-10yr | Fermissimo
fsky Surveyed sky fraction 1 1
Frin — 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

Fuclid + “Fermissimo”




(o,v) [em®/s]

Forecasts
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Camera, Fornasa, NF, Regs, arXiv:141.4651, to appear in JCAP



(o,v) [em®/s]

Forecasts: detection reach
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Camera, Fornasa, NF, Regs, arXiv:141.4651, to appear in JCAP



Forecasts: reconstruction capabilitics
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Camera, Fornasa, NF, Regs, arXiv:141.4651, to appear in JCAP



Comments

e The cross-correlation between gamma-rays + cosmic-shear
looks Promising

o Fermi has a]reasg accumulatecl 6+ yr of data
e DES will Iikelg release its first data in a few years
o [Oor the future:

- Fermi will likelg double its statistics
— Successors of Fermi are under cliscussion/ Preparation

- Euclid will Iargelg imProve over DES
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CROSS CORRELATIONS
EXTENSION OF THE APPROACH




Extension of the cross-correlation approaclw

e Gravitational tracers: G i

— Weak lensing surveys (cosmic shear} traces the whole DM
- CMbB lensing

- 1.SS surveys traces Iight _> bias
o Electromagnetic signals: Ea
- Radio
- X
- Gamma

(Gi x Ep) (Ea % Ep)

NF, Regjs, Front. Plﬁgsics 2 2014) 6
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Fermi/ gamma + Planck/CMb lcnsing
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Cross-correlation: 35.00 evidence
Compatible 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
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Fermi/ gamma + LSS: correlation observed

Fermi-2MASS 1GeV

Fermi-QSO 500MeV
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e 2MASS, SDSS-QSO and NVSS: >3.50

e SPSS galaxies: 500

Fermi-MG 1GeV

e Signal is stronger in two energy bands: E > 0.5 GeV and E > 1 GeV
g g &y

o Also seen at E > 10 GeV
» Results robust against the choice of statistical estimator, estimate of
errors, map cleaning Proceclure and instrumental effects

Xia, Cuoco, Branchini, Viel, ApJS 217 (2015) 1
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1

K. (2) [Mpc_3/2 cm” s sr_l]

Fermi + 2MASS: DM intcrprctation

y-ray kernel

BL Lac
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The DM kernel Eeaks at low reclshhc‘c, as well as the 2MASS one
Best oPtion or DM studies: cross-correlate with 2ZMASS

The different behaviour of kernels can help to discriminate the sources

Regjs, Xia, Cuoco, Branchini, NF Viel, arXiv:1503.05922, to appear in PRL



Fermi + 2MASS: DM analysis
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The observed cross-correlation is Pencectlg rcprocluced (bo’ch n shape and
size) bg a DM contribution

While the DM emission is largelg subdominant in the total intensitg

Analgsis includes spectral information (» energy bins)

Regjs, Xia, Cuoco, E')ranchini, NF Viel, arXiv:150%.05922, to appear in PRL



Fermi + 2MASS: DM analysis
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Regys, Xia, Cuoco, E’)ranchini, NF, Viel, arXiv:150%.05922., to appear in PRL



Fermi + all LSS catalogs: DM + astro sources

2MASS (>500MeV) SDSSmain (>500MeV)
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Cuoco, Xia, Regjs, Branchini, NF Viel, arXiv:1506.01030



Fermi + LSS catalogs: DM + astro sources
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e DM signal:
- Peaks at low redshift

— mostlg contributed ]39 massive halos

e Tommic tlﬁis, an astrophgsical source must be hosted in
Iarge halos at low z:

- mAGN likelg hosted in large halos
- SIFG tgpica”g Populate galaxg~size halos
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Measured power and scales
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Data show power at the sub~clegree scale

At the 2MASS redshift, sub—-cleg corresponds to Mpc scales, which are
more compatible with DM or mAGN, rahter than SFG

Clear sel:)aration requires imProvecl Y rays angular resolution

Cuoco, Xia, Regys, Branchini, NF Viel, , arXiv:1506.01030



Model unccrl:ainty for mAGN
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Model uncertaintg on mAGN is large (onlg few detected in Y rays so far)

Key quantitg: Y-rays ~|uminositg vs host-halo-mass relation



Fermi + LSS catalogs: DM + astro sources

LOW

results when mAGN contribution is
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Cuoco, Xia, Regys, Branchini, NF Viel, , arXiv:1506.010%0



Fermi + all LSS catalogs: DM bounds
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Cuoco, Xia, Regys, L’)ranchini, NF Viel, , arXiv:1506.010%0




Conclusions

Multi-—messenger and multi~wave|ength signals offer a large network of
opportunities for DM searches

Galactic antiprotons and gamma-rays are currentlg setting the strongest
and most robust bounds among, the indirect detection searches

Low~ene(r:‘(gﬂ antideuterons Persist among, the best OPPortunities for
indirect-detection signal discoverg (oPtion of “background free” signal
for AMS and GAPS for a |arge Portion of DM Parameter sPace)

Radio si?nals, notably at low Frequencies, represent a Promising channel,
especial Yy in view of the large sensitivities expectecl in future surveys (e.g.
Lofar, SKA)

Cross-correlations offer an emerging oPPortunitgz especia”g
correlations of gamma-rays with gravitational tracers, like cosmic-shear
appear to be a Potentia? channegi of discoverg with the future weak-
|ensing survey (DES, Euclid)



Conclusions

e Inthe meanwnile) two gamma~rags/ gravit9~tracers correlations have been
measured:

— Cross-correlation with galaxg catalogues and LSS objec:ts 3.50)
~ Cross-correlation with CM15~|en5ing 3».00)

° | mplications for DM starts to be intriguing

e Cross-correlations rePresent the strongest technique to investigate DM
and its clustering Properties outside the local neighbourhood, setting a

critical bricige between the CMB and the local enviromnent (galactic
center, dwarf galaxies) scales



