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Particles in the slcy

Astro hgsical signals offer a wide range of oPPortuni’cies toward the
identification of dark matter as an elementarg Particle
Signals
Direct detection
Cosmic Antiprotons
Electrons/Positrons
Antideuterons
Neutrinos (from Sun, Earth, MW)

Gamma rays (galactic, extra~ga|.)

Radio (galactic, extra~gal.)

CMB (recombination, SZ-eftect)



Particles in the slcy

Astro hgsical signals offer a wide range of opportuni’cies toward the
identification of dark matter as an elementarg Particle

Signa|s Hints
Direct detection DAMA, CoGeNT, CRESST
Cosmic Antiprotons
Electrons/Positrons PAMELA, FERMI high~li features
Antideuterons yet to come ...
Neutrinos (from Sun, Earth, MW)
Gamma rays “FERMI” excess toward the GC

“FERMI” haze, FERMI bubbles
“FERMI” 120 GeV line
“FERMI” excess in galaxg clusters
INTEGRAL 511 keV line

Radio “WMAP” haze
ARCADELE excess

CMB (recombination, SZ-eftect)



DIRECT DETECTION



Current direct detection cxperimcnts

o E)ackgrouncl-rfjection exPeriments (CDMS, XENON, CRESST, ...)

— Do not exploit a speciﬁc signature of the signal

— Relg on reduc’tion/ interpretation of bacl(grouncl

o Annual modulation experiments (DAMA,, CoGeNT)

— Exploi‘c a sPeciﬁc signa’ture

— Required to be highlg stable over long Periods
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DAMA annual modulation rcgions
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CoGeNT annual modulation rcg'on
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CRESST rcgions
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CDMS Soudan combined
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XENON100
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Direct detection

° Exciting experimental results: b, Positi\/e hints

~ DAMA: 9 sigma, exploits signature, stable over 15 years
~ CoGeNT: 2 sigma, exploits signature
—~ CRESST: 4 sigma, irreducible excess of events

— Al compatible for DM around 10-20 GeV

e Two main (currentlg) null experiments: XENON, CDMS
— Crucial to understand issues relevant for light DM

— Or magbe the whole host of experimcntal datais te”ing us something about the
mechanism of interaction ancl/or about the DM halo structure

e Theoretical models for light DM are largelg available

— some acu'noc, some in well motivated frameworks (neutralinos in low energy SUSY,

sneutrinos in models motivated 139 neutrino mass Phgsics, NMSSM, ...)
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Light neutralinos in the MSSM

MSSM (8 Params) with gaugino non universality
Light neutralinos, Iight Pseudoscalar higgs) medium tanbeta
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ANTIMATTER IN COSMIC RAYS
ANTIPROTONS



Cosmic Anti protons
disk _ ark matter halo Secondaﬁes

Produced in the disk

diffusive halo ~— Pro agﬁtion aﬂC] ener
redistribution in the diffusive halo

Produced in the DM halo solar modulation

Pro a%?tion and ener%g
redistribution in the diffusive halo
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Propagation cquation

W = dn/dE
0. (Vo)) — K A + 0 (M (E) ¢ — Kgp(E) 0} = q(x,E)
convection diHfusion energy losses reacceleration source term

L
Diffusion: uniform in the whole (disk + diffusive halo) volume K(E) = Ko B (R/1 GV)(S

Galactic wind away from the disk in vertical direction V.

E2 64

2
Reacceleration on random hg&roclgnamic waves (in the disk onlg) Kgp = 9 Vo K(E)

Energg losses:

lonization: interaction with the neutral 1S matter

Coulomb scattering: interaction with ionized Plasma (thermal electrons}

Inelastic (non~annihi|ating) scattering and annihilation
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Solution and model validation

q;OLlI‘CG (,',,7 Z, Tﬁ)

Propagation in the Galaxg
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case | 0 Ky L V. Va X2B/C
(kpc? /Myr) | (kpe) | (km/sec) | (km/sec)

max | 0.46 0.0765 15 5! 117.6 ] 39.98

med | 0.70 0.0112 4 12 52.9 25.68

min | 0.85 0.0016 1 13.5 22.4 39.02

[D. Maurin et al. Astron. As’crophgs. 394 (2002) 1039]
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Sccondary antiprotons

T—]

._.
<

T IIIIIII

—
<
[}

T IIIIII]

. BESS 93

»

T Illllll

Antiproton flux [mz.s.sr.GeV/nI'l
=)

¢ WIZARD-MASS 91

AR —
— di: Donato et al. 2001

dE
do’

dE

== Bringmann & Salati 07

|—]

| IIIIIII| | IIIIIIII L

|| IIIllII

»  BESSO8
A CAPRICE 94

104 E = BESS00

= «  BESS02 O AMS 98

S

107 E

q 1 1 1 1 L1 11 I 1 1 1 1 1111 I 1 1

107! 1

™ [Gev] 10

Antiproton flux

I~ Donato, D. Maurin, P. Brun, T. Dcla]ﬁagc, P. Salati, PRL 102 (2009) 071301

Nicolao Fornengo, University of Torino and INFN-Torino (Italg)

P/p fraction

—
<
=

_I T T LN B B LB T T T T T TTT l T T T L 14
= Envelopes (propagation uncertainty) -
L doP/dE: Donato et al. 2001 —
E e doP/dE: Bringmann & Salati 07 =
- ¢ PAMELA 2008 I a s % _
B BESS 93 _
E_ IS @ WIZARD-MASS ‘ll_g
C = BESS 98 =
- A CAPRICE %4 -
=— = BESS 00 —
E * BESS 02 o HEAT-pbar 00 =

r' 1 1 1 | I 1 1 1 11 1 11 I 1 1 1 11 111 I

- v.
10 1 10°

™ [Gev] 10

Anti Proton / Proton ?raction

PLANCK 2012 ~ Warsaw ~ 28.05.2012



103

107

10!

Enhancement Factor

100
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Interstellar antiproton

101 ¢

Primaries
(DM signal)

._‘
o
®

m, = 100 GeV

—
o

(m=2 s7! sr~! GeV-!
—

o

-

(TF)

IS

{f="

¢

10-¢

1075 |

ORE Donato, N. Fornengo, D. Maurin, P. Salati, R.

Taillet, PRD 69 2004) 0603501

(2) D.Maurin et al. Astron. Astrophgs. 381 (2002) 539

ﬂUXCS

Secondaries @

:/ (backgrou nd)

<25% uncertaintg

Nicolao Fornengo, University of Torino and INFN-Torino (Italg)

Lol Lol Lo el 1 |\|“'«|11|
0.01 0.1 1 10 100
TS (GeV)
case | 0 Koy L Ve Va X%/C
(kpc? /Myr) | (kpe) | (km/sec) | (km/sec)
max | 0.46 0.0765 15 5) 117.6 39.98
med | 0.70 0.0112 4 12 52.9 25.68
min | 0.85 0.0016 1 13.5 224 39.02

PLANCK 2012 ~ Warsaw ~ 28.05.2012




(T; = 0.23 GeV) (m™2 s7! sr! GeV™!)

TOA
(I)p

Theoretical Precli’cti’ons for neutralinos

MSSM +gaugino non universal

0.1 - I LI I I I I I L I I I I =

EA SOI(’H” minirmum E

i Bes’t~ﬁt astrophgsical Parameters 7
10_2 — * X —

E el 0B =
1072 ¥ E
10_4 :_ x X _:
10—5 Lol 1 ’ 547 I S § -

10 100
m, (GeV)

A. Bottino, F. Donato, N.F,, S. Scopel, PRD 70 (2004) 015005

Nicolao Fornengo, University of Torino and INFN-Torino (Italg)

(m=—= s7! sr! GeV—-1)

0.23 GeV)

p

BI0A (T

=
Ea

o=

10-3

104

10-5

10°¢

1077

198

SUGRA
E T T I T T T ] T T T T l T T T T §
mfis mSUGRA
i 1 | 1 1 I 1 1 L L ]
400 500

F: Donato, N.F, D. Maurin, P. Salati, R. Taillet, PRD 69 (200%3) 06350

PLANCK 2012 ~ Warsaw ~ 28.05.2012



Antiprotons

e NO sPectral geatures observed

e Predictions for background component agree well with data

o Large statistics data in wide energy ranges are available/ coming
(PAMELA, AMS)

° Requirecl: Nnew cosmic ray data (B/C) In order to sharpen theoretical
uncertainties on Propagation mocleling (error reduction on signal

Predictions)

e Refinements on theoretical models of Propagation (non isotropic
duffusion, sPectral breaking, etc) Possible but relevant onlg if data
can discriminate
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ANTIMATTER IN COSMIC RAYS
ANTIDEUTERONS



Cosmic antideuterons

F. Donato, N. Fornengo, P. Salati, PRD 62 (2000) 04500%

disk dark matter halo

Secondaries

diffieve halo “ Produced in the disk

Pro a%zj’cion and ener
redistribution in the diffusive halo

DM sng\al

iosphere
P

Produced in the DM halo solar modulation

Pro agf)ation and ener%?
redistribution in the diffusive halo
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TOA fluxes and 5/B gain
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Coalescence

Jet correlations (from MC)

DM DM - W*W~ DM DM - gg
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Antideuterons

e Data are exl:)ected in the next 5 years (GAPS, AMS)

— AMS: In space and taking data
— GAPS: Prototgpe ﬂiglﬂt n May 2012, ballon ﬂight from Antarctica in 2014

° Potentia"g a channel for cliscoverg in awide Portion of Parameter
space

° lml:)rovec] theoretical Preclictions are under clevelol:)ment (antiD
coalescence, Propagation}
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ANTIMATTER IN CosMIC RAYS
POSITRONS/ELECTRONS
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FERMI scparation of e+ and e-
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Electrons and positrons in Cosmic Rays

Primaries: e~ from SN remnants
ct,e~ from Pulsars
DM annihilation, clecag

Secondaries: p+H — ()5 — () eF
Dominant processes n transport:

space ditfusion

energy losses sgnchrotron radiation on galactic mag fields

inverse ComPton on radiation fields (CMB, stellar)
O — K Ay + 9g{b°®(E) ¢} = q(x,E)
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Astrophysical intcrprctation

electrons + Positrons
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Sccondary ete: fluxes and uncertainties

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)

Solar Moduiation: 600 MV
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Primary e*,e™ fluxes and uncertainties

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010) Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)

T T ||||||| T T ||||||| T T ||||||| T T ||||||| 4_- I I |l|||l| I 1 ||||l|| I I llllll] | I ||||||| I
E - 2.3 . . - 2
- e flux QxE ] 'l Primary e from pulsars Qo EZ% TV
- Total i - - o 3
- res propagation . T —  Relativistic losses .
i e T min ] - ———  Thomson approx. Vela -
— med -
10 ---- MS98 =
&_' : 444444444 max :
- ] 107 =
2 F theor.unc. - 3
G i i ]
- - - ‘_V) .
“\ _ ‘0 _
'.'h o
@ 5 T
ql -2 —
10 . 3 S —
S Uagh .7 T res L NN = 10 —
— -7 SN Tl 1 (0} -
w - — ]
3 = .
'-8- mm ]
u CAPRICE 94 . i
10° RSN 0 HEAT 94-95 , \ '
. Tl 10% = e / o -
E N = : R S AN 4 3
i AMS01 98 AN dUN Ta L S EY V =
/N o) “ ,/ N : g\ ) '6 i S '| "\, a —
i Y RS At T §
= : t - HREY ' 7]
i y S o B It
) - . B0O950#08 | | ¢ /i & ! o it 7
- h ; Vo : o i
10 Lol Ll 11 10° ol NIRRT RV AR RRTTI LA A ARET
1 10 10° 10° 10° 1 10 10 10° 10°
E [GeV] E [GeV]
Distant sources (smooth) Local sources

J. Lava”e, T Dclahaye, R. Lineros, I. Donato, N. Fornengo, arXiv:1002.1910 [astro~PHHE]

Nicolao Fornengo, Univcrsitg of Torino and INFN-Torino (Italg) PLANCK 2012 ~ Warsaw ~ 28.05.2012
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seconclar9 Procluction of Positrons from hadronic interactions inside SNR

seconclarg Positrons (ancl electrons) Participate in the acceleration process

ancl turn out to have ave

at spectrum, which after Propagation inthe

-
Galaxg, this leads to the o%served Positron ‘excess’

unavoidable egect, though its streng‘ch clepends on the values of the
environmental Parameters cluring the late stages of evolution of SNR
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Positron fraction: incluclinga DM signal
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Model inclcpcndcnt analysis
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Large “boosts” are requirecl
Leptonic Procluction requirecl (otherwise accompaniecl bg too-many antiptotons,
unless DM is very heavg)

M. Cirelli, M. Kadastik, M. Raidal, A. Strumia, arXiv:0809.2409v» [heP~PIﬂ]

Nicolao Fornengo, Univcrsitg of Torino and INFN-Torino (Italg) PLANCK 2012 ~ Warsaw ~ 28.05.2012



Bounds from gamma rays

Fit to PAMELA
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IC gamma rays, from uPsc:attering of ISRF Photons bg energetic et/e- irjectecl bg DM

Cirelli, Panci, Serpico, NPB 840 (2010) 284
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| ntcrprctation of |cptonic CR data

o DM: Problematic

— Requi res large boosts

> Astroplﬂgsicalz quite unlikelg
> Particle Phgsics (Sommerfeld): somehow contrived, constrained

> Cosmological: constrained, requires modified cosmologg

— Requires Ieptophilic DM: may be arrangeol, but not viable for most
of the “canonical” DM candidate (neutralinos, sneutrinos)

— Almost CXCIUC!CCI b}j Cli]clcUSC galactic gamma rags PT’OClUCCCl b}j IC

° Astrop]ﬂgsical interpotation

— Pulsars and SNR may account for the excess

— Energetics not Fu"g understood, but consistent with models

Nicolao Fornengo, Univcrsitg of Torino and INFN-Torino (ltaly) PLANCK 2012 ~ Warsaw ~ 28.05.2012



Cosmic-ray |cptons

o Large statistics, wide energy range data are available (FERMI,
PAMELA, HESS, ...) and more to come soon (AMS)

e Mine structure in sPectra may (expec’tecl to) emerge, especia”g at
large ener (although interpretation in terms of Presence/ absence
of DM will ardl9 be conclusive)

° Astrophgsical interpretation (Pulsars, SNR) currentlg more Plausible
(nevertheless remind that large uncertainties are Present)

o If DM contribution to the flux is on|9 subdominant, hard times for
discoverg

° Anisotrol:)ies?

Nicolao Fornengo, Universitg of Torino and INFN-Torino (ltaly) PLANCK 2012 ~ Warsaw ~ 28.05.2012



GAMMA RAYS



Gamma-ray signal

galactic latitude: 0°
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Subhalos and cxtragalactic
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L. Pieri et al., arXiv:0908.0195 [as’cro—PHHE]
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FERMI LAT data on gamma rays
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Abdo et al. | PRL10% (2009) 251101

Nicolao Fornengo, Univcrsitg of Torino and INFN-Torino (Italg) PLANCK 2012 ~ Warsaw ~ 28.05.2012



EZ - d¢/dEy [MeVem 2 s71 sr71]

Bounds on cosmo|og’ca| DM annihilation

) x x EGRET (Sreekumar et al. 1997) _
107°F| s + EGRET (Strong et al. 2004) —
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Nicolao Fornengo, University of Torino and INFN-Torino (Italg)
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Abdo et al. , JCAPO4 (2010) O14
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FERMI analysis on Mi“(y-Way satellites

Name 1 b d logo(J) o

deg. deg. kpe  log,o[GeVZiem™?]

Bootes 1 358.08 69.62 60 17.7 0.34

Carina 260.11 —-22.22 101 18.0 0.13

Coma Berenices 241.9 83.6 44 19.0 0.37
15)2?1;1 22731 _3645‘772 18308 }?? 8;? Jomt likelihood analgs:s to 10 satellite galax:es

Sculptor 287.15 —83.16 80 18.4 0.13

Segue 1 220.48 50.42 23 19.6 0.53

Sextans 243.4 42.2 86 17.8 0.23

Ursa Major I~ 152.46 3744 32 19.6 0.40
Ursa Minor 104.95 44.80 66 18.5 0.18

Upper limits, Joint Likelihood of 10 dSphs

10—21
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Ackermann et al., arXiv:1108.%546 10! 102 103

See also: Geringer~5ame’ch, Koushappas, arXiv:1108.2914 WIMP mass [GeV]



FERMI-LAT excess toward the GC ?

"X Total Residual (this work)
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1] Spatial|9 extended emission toward the GC
Compatible with  7-12 GeV DM (annihilation into leptons)
25-45 GeV DM (annihilation into hadrons)

1] Compatible also with collisions of high~li Protons accerated bg the SMBH with gas

[2] Consistent with diffuse emission from Point sources (with different spectrum from [1])



Gamma-rays structure in clusters?

o Extended gamma-ray emission from the Virgo, Fornax and Coma

o Excess emission within three clegrees of the center, Peaking at the
GeV scale

e Not accountecl For bﬂ known Fermi sources or bﬂ the galactic and
éxtragalactic backgrouncls

° Compatible with:  2-10 GeV ot >1TeV DM (annihilating to lePtons)
20-60 GeV DM (annihilating to hadrons)

° Potentia"g compatible with the GC-extended emission

o CRinduced gamma-rays can account forit, with a lower signiﬁcance
than for DM

e Inanycase, very weak hint

Han, I:renk, E‘l«z, Gao, W]’n’te, arXiv:1201.100%

Nicolao Fornengo, Univcrsitg of Torino and INFN-Torino (ltalg) PLANCK 2012 ~ Warsaw ~ 28.05.2012



Gamma-ray line ?

4.6 sigma (3.5 sigma with LEF)
indication for a fine feature at
150 GeV Photon energy

evidence based on 50 Photons

For annihilating DM implies:

mass of about 150 GeV

annihilation cross section of
1.27 x10% cm? 5™

Weniger, arXiv:1204.2797
See also: Bringman et al. arXiv:120%.1312

Nicolao Fornengo, University of Torino and INFN-Torino (Italg)
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Gamma-ray line ?

Weniger, arXiv:1204-.2797

Reg3 (ULTRACLEAN), E, =129.6 GeV
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Best evidence for Einasto Prome

TempeL Heldcor, Raidal, arXiv:1205.1045
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Data-driven sPatial target regions

The excess originates from relativelg
small disconnected regjons, the most

important relevant being the GC
Target regions may indicate DM cIumPs

\/er? sharp spectral feature: “true” line)
excludes internal bremsstrahlung
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Gamma-ray line?
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) Earéi‘lc regions vastlg overlap with the region corresponcling to the “FERMI
ubbles”

e the line feature could refer to hard Photons in the FERM! bubbles regjons,
where the gamma-ray s]:)ectrum has a spectral break at (100 — 150) GeV



Gamma rays

o High qualit%)data in awide ener%u range available (FERM!,
HESS, ...), oth on resolved and unresolved sources (cliﬁcuse

backgrouncb

e Galactic and extragalactic mode”ing under deep scruting: bounds on
DM imProving fast

° Dwarph-spheroiclals (as DM dominated sgstems} are ogeringa very
goocl oPPor’tunitg for DM investigation

° Anisotropu may a”ow to s’cuclg DM substructures

Nicolao Fornengo, Universitg of Torino and INFN-Torino (ltaly) PLANCK 2012 ~ Warsaw ~ 28.05.2012



MULTFWAVELENGTH SIGNALS



Multiwavclcngl:h emission

From the interaction of electrons/ Positrons with the
(extra) galactic environment:

Sgnchrotron emission on magnetic fields: from radio to X~rag band

Inverse Coml:)ton on radiation fields (CMB, stellar): X~rags, gamma-rays

For:
magnetic field intensitg of O(microG) (like in the case of our galaxg
electrons/ Positrons of GeV-TeV energies (like those Proclucec] bg WIMP DM)

the sgnchrotron emission falls in the MHz-GHz range (raclio bancb

Nicolao Fornengo, Univcrsitg of Torino and INFN-Torino (ltalg) PLANCK 2012 ~ Warsaw ~ 28.05.2012



Radio slcy at 45 Mhz
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10 GeV DM
Annihilation into muon with thermal cross section
EXp decaying B(r,Z) W|th BTOT = 10 micrOG NF Lineros, Regjs, Taoso, arXiv:1110.4537



45 MHz

Data: |I| < 3°
DM models: 1 =0°
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Galactic radio signal

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

| v [MHz] || Survey | rms noise [K] |
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ARCADE excess

After subtraction of an isotropic component,
ARCADE reports a remainingﬂux (interpretecl

as extragalactic) 5—6 times larger than the total
ARCADE:
Singal etal., As‘crophgs. J. 750 (201 138
A. Kogut et al., Astrophys. J. 734 o 4
Contribution from detected extragalactic radio

sources

Extra olatin%;che source number counts to
lower (unreac ecb brigh’mess, the excess
remains

Sgstematics effects and galactic sources seems
excluded

Such a level of radio extragactic emission does
not appear to have an immediate explanation n
terms of standard astroplﬂgsical scenarios,,

expe/cia“g when multiwavelength constraints are

aPPllCCl

—_
(=]
T

— Sources contrib. from number counts
— w-w,M,,=10 GeV
— b-b, MDM=100 GeV ,b.f.=20

---- Best-fit power-law of the excess

CMB

ov=310"%cm’/s , NEW
B=10uG , bf =

\
\
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L1111
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ou
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107 10° 10

v [GHzZ]

Fornengo, Lineros, Regjs, Taoso, PRL 107 om 27

DM can easi|9 explain the excess without sPecial fine tuninﬁs
(Slight) Prmcerence for light (around 10 GeV) and lel:)tophi ic DM



ARCADE excess

corresponcling multiwavelength signals diferential number counts
| T ||||||T| T |||||||| T ||||||T| T |||||||| T ||||||T| T |||||||| T ||||||T|_|_|_|-|'|TE 104§ T | T | T | T | T | T | T | T | T | T | T E
B } - 1.4 GHz .
CHANDRA 2 3L ]
ol %@, : . 5
[ i 5 oL £
s | - E
" “o f :
; 10—7 D I lved sub 1
) 101 — unresolveda su structures_:
g %0 E =
m = - .
o Z I (i .= = 1 oS0 i
Z ST

= o 10F =
-8 | v E 3
10 - . % C resolved substructures 7
10" --— AGN
I ] - 5 /S GAL 3
72 ) — DM ]

10-9 | IIIIILIJ 1 IIIIIII| | IIIIILIJ | IIIIIII| L 1I1ll | IIIIIII| L 1I1ll 10_2 | | | | | / \ | \ | \ | \ | A | A | A | A
10 10° 10" 1007 107 10" 10° 100 10° 9 8 -7 6 5 4 3 2 -1 0 1 2

E [GeV] Log( S[Jy])

Fornengo, Lineros, Regjs, Taoso, PRL 107 om 27

See also: HooPer et al., arXiv:1203.3547
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Further stories

e Neutrinos as DM messengers
~ From the GC: tgpica“g correlate with gamma-rays, low detection rates

— From Earth and Sup: otentia”g cletectable, irreducible bfackgrouncl given

y atm neutrinos (down-going Ru-tau a Prosimingc annel?) Formengo, Niro, JHEP 1 201D 24

e WMAP haze: excess of microwave emission at GC [?] Finkbeiner, Ap. J. 614 (2004) 186
- Spherical, radius 4 KPC
— Sgnchrotron emission from electron component?

e FERMI haze: excess of gamma-ray emission at GC [7] Finkbeiner et al. rarXiv:0910 4583
— Inverse Compton counterpart of the WMAP haze?

° SungaewZeldovich effect on CMB in galaxg clusters

— Verg small elcmcect) but Prospects for the future Colafrancesco, AA 422 (2004) 1.23

° R ec ombin atl on an C! CM 5 Galli, locco, Bertone, Melchiorri, PRD 80 (2010) 023505; PRD 84 (2011) 027302

Zhang, Chen, Lei, Si, PRD 74 (2006) 103519 (2006)
Zl’lang, Chen, Kamionkowski, Si, Zheng, PRD 76 (2007) 061301

— Mag pose signh(icant limits for liglﬁt DM

) ) ) ) Ando, Komatsu, PRD 73 (zooé) 025521; PRD 75 (2007) 063519
°® Anlsotroples Ta the ga mma and FaCJIO S‘(H Hensleg, Slegal-Gasl(ms, Pavllclou, APJ 723 (2010) 277

Siegal-Gaskins, Pavlidou, PRL 102 (2009) 241501
—_ Mag Probe DM SU bstru C-tu res Acl(erman et al., aer.lZOZZBﬁé

Zhang, Sig], JCAP 0809 (2008) 027
Fornengo, Lineros, Regjs, Taoso, JCAP 03 (2012) %3



Conclusions

Astro i‘ngsical sizg];nals otfer a wide range of oPPortunities toward the
identification of dark matter as an elementar9 Particle

At the same time, theg have to cope with (tffpicallg) clominating, uncertain
and sometimes even unknown astrophgsica backgrouncls

’

For each tgpe of signalj the two comPonents (si nals and backgrouncis)
cannot be studied independentl (theg have different ori in, but theg
tgpica”g share the same Phgsica processes in the astropﬁgsical
environment — onlg excePtion: direct searches)

Whenever Possibile, exploit speciﬁc signatures (e.g, annual modulation in
direct detection; antideuterons at low energjes; line in gamma~rags)

The large set of available observables, and the raPicﬂ &rogress both in
theoretical ideas and experimental capabilities, are ofrering an integrated
aPProach with great Po‘centiali’cies - STAY TUNED!

Nicolao Fornengo, Univcrsitg of Torino and INFN-Torino (ltaly) PLANCK 2012 ~ Warsaw ~ 28.05.2012



