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Heavy Elements:

y PDa rl( Matter

Neutrinos:
0.3%

Free Hydrogen
and Helium:
= 4%

Non~bargonic (colcl) dark matter is needed
No candidate in the Standard Model
New fundamental Phgsics

DarkMatter:
254

Dark Energy:
70%

Dynamics of galaxg clusters
Rotational curves of galaxies

Weak |ensing

Structure formation from Primorclial

.

ensxgj fluctuations
Energg ensitg buclget
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Galactic Dark Matter

CDMin galaxics:
- Massive Particle with weak~t9pe interactions (WIMP)
- Distributed to form a halo

- Thermal comPonent
- Substructures

~ Non~thermal component

Galactic dark matter detection:

- ldenti?g types of signals

~ Exploit speciﬁc signatures

~ Exploit (anti) correlations among signals
~ Stuclg relevant backgrounds

~ Quanthcg uncertainties
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MultiChannel search of dark matter

o Direct search: elastic scattering of x off nucleiin a low background detector

‘ > recoil energy of the nucleus

armual moclulation oF thc rate
° ]nclirect searches; directionalitg of the recolil

— signals due to yx annihilation taking Place inside celestial bodies (Sun, Earth)
where ) have been capturecl and accumulated

\—> Neutrino flux > ul:)~going muons in a neutrino telescolz)e
source location /some spectral feature

- signals due to xx annihilation taking Place in the galac’cic halo
———> Neutrinos source location /some sPectral feature

> Photons

- continuous gamma-ray flux source location/ some sPectral feature
- gamma-ray line very good spectral feature

L 5 Positrons sPectral Feature

S L Antiprotons sPectral feature

T Antideutcrons very goocﬂ spectral Feature

> FElectrons/ positrons = multiwavelen‘g;th search (radio, X, gamma rays; SZ on CMB)
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Direct detection experi’ments

o Backgrounci—-rejection experiments (CDMS, Xenon, ...)

— Do not exploi‘c a speciﬁc signature of the signal
— Relg on strong recJuction o1c background

— Provide bounds on the Particle DM Properties
(mass vs cross-section on nucleons}

e Annual modulation experiment (DAMA)

— Exploits a sPeciﬁc signature
— Highlg stable over very long Periods

— Effect observed: implies a comPatibilitg region in the mass vs
cross section Plane
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DAMA annual modulation region

DAMA/LIBRA allowed regjon
(convolution over galactic halo models)
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Neutralino DM: MSSM +gaugino non universal models

(inclucles hadronic uncertainites)
A. Bottino, . Donato, N. Fornengo, S. ScoPcl, PRD 78 (2008) 083520
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Antiproton signal

disk dark matter halo Secondaries
Pcrt+pPIisMm — D
pocrtHeism — P
( Hecr+pism — D

Produced in the disk

diffusive halo

Pro a%jtion and ener
redistribution in the diffusive halo

DMsignal
xxX — (...) — pD

iosphere

Produced in the DM halo solar modulation

Pro agﬁtion and ener%g
redistribution in the diffusive halo
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Diffusion and Propagation in the Galaxg

dark matter halo

e Two-zone ditfusion model (cglinclrical sgmmetrg)

— Thindisk
v’ Radius R =20 kpc
v Thickness h =100 pc /
v Surface densitg O{:P IS gas: X = N S ) \
— Diffusive halo

v Radius R
v Height L diffusive halo

disk

° Phgsical processes

— Particle injection (source)

- Sl:)atial diffusion

— Energg transport and losses

— Scattering and/or annihilation

— Galactic wind away from the disk in vertical direction

= RC&CCCICFBtiOﬂ on ranclom hgclroclgnamic waves
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F. Donato, D. Maurin, P. Brun, T. Delahaye, P Salati, PRL 102 (2009) 071301
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lnterste“ar anti

Proton ﬂuxes
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(T; = 0.23 GeV) (m™ s7! sr™! GeV™!)
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Theoretical Precli’cti’ons for neutralinos

MSSM +gaugino non universal
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$IoA (TE = 0.23 GeV) (m=2 s-! sr-! GeV-1)

Sneutrinos in LeFl:«-Right models

C. Arina, N. Fornengo (2007) C. Arina, N. Fornengo (2007)
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Cosmic antideuterons

. Donato, N. Fornengo, F. Salati, PRD 62 (2000) 045003

disk dark matter halo
Secondaries

PCR+TPISM —
pcr+ He i sm —

S O O

Hecr+pism —

rcoplmn Produced in the disk

Pro a%;ation and ener
redistribution in the diffusive halo

DM signal

iosphcre

p+n— D Coalescence I

Produced in the DM halo solar modulation

Pro a%ition and ener%g
redistribution in the diffusive halo
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Secondaries and their uncertainties
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Y2 = 50 GeV
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TOA fluxes and /B gain
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Theoretical Precli’cti’ons
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Cosmic Positrons

disk dark matter halo Seconc]aries

Pcr +t PismMm —— ¢€

pcr + Heisme — €

Hecr +pism — e

B copiow © |8 Produced in the disk

Pro ag};ation and ener
redistribution in the diffusive halo

DM signal

XX — eTe

iosphere

_|_

xx — (...) — e

solar modulation
Produced in the DM halo

Pro a%.ition and ener%g Astrophgsical sources
redistribution in the diffusive halo (e.g.: Eulsars}
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Secondary Positrons: Propagation uncertainties

T. Delahaye et al. (2008)
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i0t

Positron fraction e*/(e*+e")

J0:%

Positron fraction
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Electrons

e Electrons are a keg ingreclient in the Positron fraction (as
relevant as the Positrons themselves i)

-Seconclar9 coml:)onent: subclominant

~ Primarg components: dominant
» SNR

> Pulsars

Strong & Moskalenko

Grasso et al.

Blasi et al.

Serpico, Profumo, Hooper, (o)

currentlg under stuclg to determine a new Predicion with astrophgsical
uncertainties (T. Delahaye, R. Lineros, F. Donato, N. Fornengo, J. Lavalle)
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e SNR as electron sources:
— Close SNR from catalogue +far SNR as a continuum

- Mode”ing) of the injection sources: energy spectra, luminosities,
age
- (..

o Relativistic eFfects on the interaction cross sections for
energy losses

e Uncertainties on Propagation) consistent with the
analisgs on antiprotons) antideuterium, Positrons

G Delahage) R. Lineros, IF. Donato, N. Fornengo, J. Lavalle)
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Pri'mar3 electrons
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Positrons from astrophgsica sources

o=2, MED diffusion setup, ST model a
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DM signalz astrophgsi’cal uncertainties

T. Delahaye. R. Lineros, N. Fornengo, F. Doaato & P Sakn (2007)
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Positron fraction: incluc]inga DM si'gnal

my = 100 GeV

B PAMELA 2008
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Positron fraction: i’ncludmga DM sngnal
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Constraint on boost from antiprotons
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Model independent analgsi’s
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M. Cire”i, M. Kadas’cik, M. Raidal, A. Strumia, arXiv:0809.24-09v3 [heP~Ph]
See also: V. Barger, W.-Y. Keung, D. Marmcatia, G. Shauglﬂnessg, arXiv:0809.0162v2 [hep~|:>h]
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Model indepenclent ana|3si’s
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Astrophgsical boost
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Particle Pl'wgsi’cs boost: Sommerfeld effect

M. Lattanzi, J. 5i”<, arXiv:0812.0%60v! [astro-lsh]

It may work digerentlg for
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See also:

J. Hisano, M. Nagai, M. chiri, M. Senami, PRL 92 (2004) 03150%

J. Hisano, S. Matsumoto, M. Nojiri, S. Saito, PRD, 71 (2005) 063528

M. Cirelli, A. Strumia, M. Tamburini, NPB 787 (2007)

Jk March—Russe”, S. M. West, D. Cumberbatch, D. Hooper, JHEP 0807
(2008) 058

N. Arl(ani~|—iamed, D), 1P I“"inkbeiner, T Slatger, N. Weiner, arXiv:0810.0713
[hep~[:>h]

M. Cirelli, M. Kadastik, M. Raidal, A. Strumia, arXiv:0809.2409v» H‘ICP—P]’I]
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Bounds on Sommerfeld boost

From CMDB

constraintis on f <ogv> from CMB

—+1000

-100

S. Galli, F locco, G. Bertone, A. Melchiorri, arXiv:0905.0003v1 [astro~Ph]

From multiwavelength
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M. Pato, L. Pieri, G. Bertone, 0905.0372vI [astro—Ph.HE]
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Cosmologi’cal boost
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Electrons + Positrons: FERMI data
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Electrons + Positrons: FERMI data
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Pair Annihilation Cross-Section [cm'/s]

DM interpretati’on
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D. Grasso et al., arXiv:0905.0636v1 [astro—PHHE] lnto ICPtOHS

See also: L. Bergstrom, J. Esjo, G. Zalﬁarrijas, arXiv:0905.0%%% [astro~P1'1.HE]
P. Meade, M. Papucci, A. Strumia, T. Vo anskg, arXiv:0905.0480 [heP-Ph]
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Summary: Direct Detection

e Direct detection

— Signature offered 59 annual modulation of the rate
> DAMA/Nal and DAMA/ Libra observe annual modulation in low~ener59 single~hit events
> Insusy models, this effect is compatible with relic dark matter candidates, like:
= Neutralinos both in the MSSM and in gaugino non-universal schemes
= Sneutrinos in LR models or models with L-violation and see-saw neutrino mass generation

— Total counting rate: a”ows to set boun&s

» CDMS, XenonlO and others currentlg Probe a fraction of MSSM Parametcr space for neutralino
or sneutrino dark matter

> Extension of the Probe c:lepencls on astrophgsical (galactic halo Properties) and nuclear Phgsics
(DM~nucleus interaction) assumptions

— Other Possible signatures (Future): directionalit9 of the recoil) diurnal effects
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Summary: Indirect Detection thru Antimatter

o AntiDeuterons
~ strong feature at low~energies: offer the best Possibili’tg to detect a signal
— theoretical uncertainties large, but do not signiﬁcantlg limit discovery Potential

e AntiProtons
— mild feature at low encrgies, but suitable to set (Potentiaug relevant) bounds
— theoretical uncertainties large: needed to set proper bounds
— Possible features at high energjes, but requires “boost”
— current data show no anomalg > bound on accePtable boosts

e Positrons (+ Electrons)
— may posses spectral features (clcpencling on the annihilation channeb, tgpica”y require “boosts”
— PAMELA data on Positron fraction exhibit “anomalous” rise (may be astrophysical: e.g Pulsars, SNR)
— FERMI data on electron+l:>ositrons exhibit a mild buml:) (mag be astrol:)hgsical)
— 1f DM: annihilation into leptons large|9 Preferred (or very heavg DM)
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