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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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SEARCHES AT NEUTRINO
TELESCOPES



Neutrino flux from the Earth or Sun

Dis e iioln
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Neutrino Production
e Neutrinos are Proclucecl bg DM annihilation

— Available channels depend on mass threshold
xx — vv, ll, qq, WTW =, ZZ, Higgses, Higgs + gauge

— Quark hadronize = neutrinos from hadron &ecag

e Productions in Earth
— Muons: stopped before clecay — neutrinos below tgpical thresholds

— Taus: clecag almost as in vacuum
— Light hadrons: tgpica”g stoPPecl before Aecag
—~ Heawy hadrons: tgpicang decag before loosing signiﬁcant energy

e Production in Sun
= LePtOHS: stopping power of medium is stronger — softer neutrino spectra
— Light hadrons: tgpicang stoPPecl before clecag

— Heawvy hadrons: energy losses imPortant, need mocleling
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Spectra at Producti’on
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Neutrino Propagati’on

neutral~current

Densitg matrix evolution processes
d , d d d
e NP Sl
dr dr|cc  drine  driiy
chargechurrent
source

PT’OCCSSCS

Vacuum oscillations and MSW matter effect

N - 3
+ V2G5 [‘\} diag (1,0,0) — o diag (1, 1, 1)]

m'm
2F.,
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Effect of Propagati’on

Earth Sun
o 10 T - = 10 g —
- | 851
g 3 £ 3
= =
£ 03 - % 03 - i\
s 7 N 7 2\
3 10 30 100 300 1000 3 10 30 100 300 1000
vy energy in GeV v, energy in GeV

Earth:

~ Affected onlg bg “atmospheric” oscillation v, <> v, at £ <100 GeV
Sun:

— Affected ]39 average “solar” and “atmospheric” oscillations

— Absorl:)tion suppresses neutrinos for E > 100 GeV (Par’cia”g converted to
lower energy neutrinos (bg NC and regeneration)

M. Cirelli, N.Fornengo, T. Montaruli, 1. Sokalski, A. Strumia, F Vissani, NPB 727 (2005) 99
See also: M. Blennow, J). E&sjo, T Ohlsson, JCAP 0801 (2008) 021 for an event-based MC aPProach

Nicolao Fornengo, University of Torino and INFN-Torino (ltalg) IFT-UAM/CSIC ~ Maclricl, 17.09.2009



Earth signal: through-going muons
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Sun signal: stopping muons
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ANTIPROTONS



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 Propagati’on in the Galaxg

clark matter halo

o Two-zone diffusion model (cglindrical sgmmetrg)

— Thin disk
v’ Radius R =20 kpc /
v Thickness h =100 pc
v Surface clensitg OFPIS gas: X = el g =ik )
— Diffusive halo
v’ Radius R diffusive halo
v Height L

disk

° Phgsical processes
— Dittusion: uniform in the whole (clisk + diffusive halo) volume

— Inelastic (non~annihila’cing) scattering and annihilation

— Galactic wind away from the disk in vertical direction

— Energg losses:
v lonization: interaction with the neutral 1S matter

v Coulomb scattering: interaction with ionized Plasma (thermal electrons)

— Reacceleration on random hgclrodgnamic waves (in the disk onlg)
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ng (Ta 2 Tﬁ)

Propagation in the Galaxq

>

®P(r, z, T5)

- solution of the stead9~state diffusion equation with
energy losses and reacceleration

= CICPCHCIS ona number OF astrophgsical Parameters:
K(E) = Kof(R/1GV)°

_ difusion coefficient

2 height of the diffusive halo

- galactic wind Velocitg

_Alfven velocitg (reacceleration)

Thé Params arc constrainecl !D9 stable ﬂUC!Ci PFO

i

V.
Vi

pagation, mainlg B/C

[D. Maurin et al. Astron. As’crop]'lgs. 381 (2002) 53%9]

case | 0 Ky L V. Va X /C
(kpc? /Myt) | (kpe) | (km/sec) | (km/sec)

max | 0.46 0.0765 15 D 117.6 39.98

med | 0.70 0.0112 4 12 52.9 25.68

min | 0.85 0.0016 I 18% 22.4 39.02
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Dependence on height of diffusive halo
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e | determines the extension of the confinement regjon:
> For small I on|9 the sources very close to the solar neighborhoo& can contribute
» As L increases, confinement is more efficient and more sources contribute

F. Donato, N.Fornengo, D. Maurin, P Salati, R. Taillet, PRD 69 (200%) 063501

Nicolao Fornengo, University of Torino and INFN-Torino (ltalg) IFT-UAM/CSIC ~ Maclricl, 17.09.2009



Dependence on galacti’c wind veloci't3
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o The galactic wind blows the Particles away from the disk (convection), leading to an effective size of the
diffusive halo of the order of
® Thereisa competition between L and ry,:
X% Lor large L, the evolution is driven bg Mo
> For small iy all curves converge, independentl of L, because the CR are convected away before
being able to reach the boundaries of the clig%sion regjon

I~ Donato, N.Fornengo, D. Maurin, P. Salati, R. Taillet, PRD 69 (200%) 063501

Nicolao Fornengo, University of Torino and INFN-Torino (ltalg) IFT-UAM/CSIC ~ Maclricl, 17.09.2009



Depenclence on rate of spa" tion
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o Atlow energies Particles are destroge& more easilﬂj since the Probabilitg to cross the disk (an&
therefore to interact with matter) increases relativelg to escape (dhq:usive or convective)
® Thereisa competition between L, ry and rep:
» The effect of Fop IS milder: the cut-off due to sPa”ation is less efficient than diffusion or
convection to Prevent Particles coming from Farawag from reaching us

I~ Donato, N.Fornengo, D. Maurin, P. Salati, R. Taillet, PRD 69 (200%) 063501
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Secondar3 anti'Protons
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lnterste“ar anti

Proton fluxes
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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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ANTIDEUTERONS



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 —

Riceiiwy s S 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

Astrophgsical:
— Transport

= Energg losses and redistribution

Nuclear (verg conservative):
— Elementar9 Production Processes

— Coalescence
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Nicolao Fornengo, University of Torino and INFN-Torino (ltalg)

IFT-UAM/CSIC ~ Madrid, 17.09.2009



TOA fluxes and /B gain
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Antideuterons

MSSM + gaugino non universal SUGRA
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Antideuterons

Ponate, X. Fornenge, D Maurin (2008)
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POSITRONS



Cosmic Positrons
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Halo function depcndence on L and DM Profi’le
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Uncertai'ntg on the halo function

T. Delahaye, R. Lineros, N. Fornengo, F. Donato & P. Salati (2007)
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Nicolao Fornengo, University of Torino and INFN-Torino (ltalg) IFT-UAM/CSIC ~ Maclricl, 17.09.2009



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
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For annihilation cross section consistent with WMAP for a thermal relic
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Positron fraction: i’ncludmga DM sngnal
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Astrophgsical boost
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Model i’ndependent analgsi’s
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M. Cirelli, M. Kadastik, M. Raidal, A. Strumia, arXiv:0809.2409v» [hCP‘PH

Fit on Positron and antiproton data (witl'x S&EM backgrouncl)

Hadrophobic or very heavg DM: does not fit well SUSY candidates

See also: V. Barger, W.-Y. Keung, D. Marfatia, G. Shaughnessg, arXiv:0809.0162v2 hep-phl
D. Grasso et al., arXiv:0905.0636v1 [as’cro~Ph.HE] : L. Bergstrom, J. Esjo, G. Za]’mari'as, arXiv:0905.0%%3 [astro~P1'1.HE]
P. Meade, M. Papucci, A. Strumia, T. Volanskq, arXiv:0905.0480 []ﬁep—plﬁ]
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Positron fraction: incluc]inga DM si'gnal
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Secondary Positrons: Propagation uncertainties
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T. Delahaye et al. (2008)
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Positron fraction

T Delal’xage, R. Lineros, I. Donato, N. Fornengo, J. Lavalle, P. salati, R. Taillet (arxiv:0809.5268 [astro—Ph])
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Electrons from SNR
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Constraint on boost from antiprotons
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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
different annihilation channles
(e.g. fermions wrt gauge bosons)
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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]

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

IFT-UAM/CSIC ~ Madrid, 17.09.2009



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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H = I'IIGR[l +n(T/Tr)"]

Cosmologi’cal boost
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Induced boost

Boosts equa”g lCPtOﬂiC ancl haclronic channels

M. Schelke, R. Catena, N. Fornengo, A. Masiero, M. Pietroni, PRD 74 (2006) 085505

Nicolao Fornengo, University of Torino and INFN-Torino (ltalg) IFT-UAM/CSIC -~ Madrid, 17.09.2009



Summary: Indirect Detection
AntiDeuterons
~ Strong feature at low~energies: offer the best Possibility to detect a signal

AntiProtons
— Mild feature at low energies, but suitable to set (Potentiang relevant) bounds
— Possible features at high energjes, but requires “boost”
— Data showno anoma|9 (latest from PAMELA)
Positrons
- May posses sPectral geatures) tgpic:a”y require “boosts”
— PAMELA data on Positron fraction exhibit “anomalous” rise (mag be astrophgsical: e.g. Pulsars)
— FERMIdataon electron+Positrons exhibit a mild bumP (mag be astrophgsical} [HESS; ATIC]
Gamma Rays
— M89 posses sPectral features
— Line: amazing signature, but tgpica”g strong19 suPPressecl (verg hard for some DM candidates)
— FERMI: currentlg no anomalg above the galactic center
— Astrophgsical backgrouncl relevant, especia”g at the galactic CERCH
Neutrinos from Earth and Sun

— SPectral and angular features
— Affected bg uncertainties similar to direct detection: astrophgsical, hadronic
— Potentia”g accessible, especia”g from the Sun
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