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Outline of the lectures

e Evidence of dark matter
e Where does it come from?
e What is made of? Ang clue on or relation with New Phgsics?

e How is it distributed aroud us?

o Canwe clirectlg or indirectly detect its presence In our (Close)
astrophgsica! environment?
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Heavy Elements:
0.03%

The Dark Universe

WMAF 5yr+ SN+ BAO + galaxies distribution

Neutrinos:
0.3%

Qror 1.0052 =+ 0.0064
0.5% Qa 0.721 £ 0.015
Qnr 0.233 £ 0.013
Qp 0.0462 = 0.0015
ho 0.701 £ 0.013
and Holium,
. Qurh? 0.1369 £ 0.0037
Qph? 0.02265 £ 0.00059
25% Qpah? | 0.1143 +0.0034
E. Komatsu et al., arXiv:080%.0547
Dark Energy: J. Dunkley et al., arXiv:0803.0596

% G. Hinshaw et al., arXiv:0803.0752

QT CMbB teml:)erature anisotropies

Geometry: the Universe is Flat QA Luminositg distance of high~z SNla

Dgnamics: the Universe is exPancling QM Clustered mass abundance

— Decelerate for most of its historg
— Accelerate since “recent” time
and at very “old” times (inﬂation) QB

Primordial Nucleosgnthesis

Amplitude of CMB temperature anisotropies
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Heavy Elements:
0.03%

Neutrinos:

Stars:
0.5%

Free Hydrogen
and Helium:
4%

Dark Energy:
70%

Dgnamics of galaxg clusters
Rotational curves of galaxies

Weak lensing

Structure formation from Primorclial

,

ensn? Huctuations
Energg ensitg buclget

Dark Matter
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0.03%

Neutrinos:
0.3%

Stars:
0.5%

Free Hydrogen
and Helium:
4%

Dark Energy:
70%

F Zwickﬂ) 19%% >

Dgnamics of galaxg clusters
Rotational curves of galaxies
Weak lensing

Structure formation from Primorclial

,

ensn? Huctuations
Energg ensitg buclget

Dark Matter

Virial theorem

2(T") = —(Vror)
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T . Dark Matter
»

Neutrinos:
0.3%

Stars:
0.5%

Ezﬁgﬂf&?e" fu(r) X \/ M (7") /fr
T

150 — -
s NGC 6503 .

Dark Energy:
70%

Dgnamics of galaxg clusters

Rotational curves of galaxies V. Rubin, Carl” /Os

Weak lensing

Structure formation from Primorclial
ensigg Huctuations

Energg ensitg buclget 0 10 | 2
Radius (kpc)
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Heavy Elements:

Dark Matter

Neutrinos:

Stars:
0.5%

Free Hydrogen
and Helium:
4%

“Bu”t” Iuster

DarkMatter:

Dark Energy:
70%

Dgnamics of galax9 clusters

Rotational curves of ga!axies

Weak lensing >
Structure formation from l:)rimordial

,

CHS!SJ Huctuations
Energg ensitg budget
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S Dark Matter

Neutrinos: “
Stars:
0.5%
] L

Free Hydrogen
and Helium:
4%

DarkMatter:

Dark Energy:
70%

Dgnamics of galaxg clusters
Rotational curves of galaxies

Weak leﬂslﬂg , ’ / DM needs to be (mainlg) cold
Structure formation from Pr;mor&;al and (mainlg) non-collisional

,

ensn? Huctuations
Energg ensitg bu&get
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Heavy Elements:
0.03%

Neutrinos:

Dgnamics of galaxg clusters
Rotational curves of galaxies
Weak lensing

Dark Energy:
70%

Structure formation from Primorclial

,

densn? Huctuations

Concordance model

Stars:
0.5%

Free Hydrogen
and Helium:
4%
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T Dark Matter

Neutrinos:

Stars:
0.5%

Free Hydrogen
and Helium:
4%

Dark Energy:
70%

Duynamics of gala lusters ,
yn , . ghaxy < , Solution to the DM Problem
Rotat:onal curves o1C galaxxes
Weak lensing Gravitational: gravity i1s not of Einstein form on

Structure formation from Primorclial large scales

,

ensn? Huctuations

Energg ensitg buclget Particle Phgsics: DM is of Particle nature
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Heavy Elements:

Particle Dark Matter

Neutrinos:

Free Hydrogen

Non—bargonic (cold) dark matter is needed
No candidate in the Standard Mode]®
New fundamental Phgsics

Dark Energy:
70%

Dgnamics of galaxg clusters

Rotational curves of galaxies ® Standard neutrino:
Weak lensing Too light: act as HDM (not CDM)
Structure formation from Primorclial
Cﬂstﬂfj Huctuations
Energg ensitg buclget
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Particle Phgsics model Particle candidate

Cosmologg of the Particle DM Relic from the earlg .

As’crophgsical signals of the Particle DM Detection
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COSMOLOGY OF THE

PARTICLE




Inflation
Quark Soup
Parting Company
First Galaxies
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10732 Sec. 1 Second 300,000 Years 1 Billion Years 12-15 Billion Years
Age of the Universe

1016 GeV 1 MeV 0.23 eV




Particle DM thermalization in the earlg Universe

YA «—— YA
Equilibrium reactions

XY —— AA

Relativistic | Relativistic | Non-relativistic
Bosons Fermions (Either)

' 27

i Q(—%)QiTB G) C({-_%)Q’JTB Gi (ﬂ‘l)m e—mi/T

W 4 7\ =2 74 e
pi 59T (é) o0l m;n;

pi 30 3Pi n; T < p;

_ [ dp; &pj fi(E) f;(E) oijvi;
| &pi Bp; fi(E) f;(E)

[' = n{ov) : interaction rate (ov)

H =a/a:  expansion rate

Nicolao Fornengo, University of Torino and INFN-Torino (H:aly) IV Pontecorvo School - Alushta - %0.09.2010



[' > H equilibium

[I' < H out of equilibium

H, T (GeV)
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Neutrinos as HDM: relic abundance

thQ _ Zz iz
93 eV

Q,h% < (Qpmh?) = 0.13 > Y my<12eV
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Neutrinos as HDM

HDM: erases clensitg contrast (structure) on scales sma”er than the
Free~streming cale
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Dominat HDM is in contradiction with observations (SDSS, 2dF)

Neutrinos may contribute, but onlg subclominantlg

CMB+SDSS+2dr > mi <(0.9+1.7) eV Qh? < (0.0097 = 0.018) eV
Atm. neutrinos A/ Am%?) = 0.047 eV Qh2 > 0.0005 eV
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CDM relic abundance

. d
e Boltzmann ecluatxon: d—? = —3Hn — (ov)(n* — ngq)
dY Gxs
E — ﬁ < OannUr > [Y2 o Yt?g]

1/2
9*/

Y=2 a=T/my [ =0264m,Mp
S

e Relic abundance:

/2 GeV ™2
QXhQ — 85 . 10—119* (‘Tf) ( € )
g*S(If) < OannUr ~int

33;1 — In [0.1456# x}/2<0ann’0r>(mf)] freeze-out temperature
*
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The “WIMP” miracle

WIMP: Weaklg lnteracting Massive Particle

my ~ (GeV +TeV)

(ov) = G%mi

natura”y Qxh2 ~ 0.1
>
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Succesfull DM candidate

e Needs to be Procluced in the earlg Universe
— Thermal relic

— Non-thermal relic

o Needs to be “cold” (or, at Ieas’c, “warm” enough)
— For thermal Production: weaklg interacting and massive (WIMP)

Qh* ~ (ov) L > (0V)ann = 3-107*%cm?s ™!

unless coannihilation occurs

—If light, it nevertheless needs to act as “cold”

e Needs to be neutral

e Needs to be stable (absolutelgj or on cosmological time
scales)
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DM AND NEW

PHYSICS MODELS




Non«-bargoni’c DM candidates

e “Minimal”’candidates

— Neutrino: standard, right-—han&ed, ...)
— Aclditionalgauge multiplets (MDM), (...)

— Axion

(..)
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Non-bargonic DM candidates

e “Minimal”’candidates

— Neutrino: standard, right-—handed, ...)
- Aclclitionalgaugc multiplets (MDM), (...)

FERMION «—— BOSON

Supersymmetric partners
Interaction eigenstates

— Axion SUPERSYMMETRY:
(. . } Normal particles/fields

Mass eigenstates

Symbol Name Symbol  Name Symbol  Name
‘ ClCl g=d,c,b,u,s,t quark dr, 4r squark qi. g2 squark
e Supersymmetric candidates |- Jho 3 I
1 — =e u. T lepton lp.lg slepton l1, 2 slepton
V= Ve ,Vy,Vr neutrino v sneutrino |1 sneutrino |
Neutralino q gluon q gluino g gluino
W= W-boson 1]":*: wino
5neutrino H~ Higgs boson {{1_ higgsino ﬁtz chargino
H™ Higgs boson H.;" higgsino
Gravitino B B-field B bhino
w3 W3-field w3 wino )
, 0 3 % neutralino
AXINo H}] Higgs boson a? higgsino e
( ) HS; Higgs boson O S
T e Higgs boson - 1EESInO
SUSY breaking — massive SUSY partners
R PARITY >» | LSP: stable
, , A+B — X +Y
PR — (_1)3(B—L)+25 - N
X — Y + A+ B
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Non«-baryoni’c DM candidates

e “Minimal”’candidates

— Neutrino: standard, right-han&ed, ...)
- Aclditionalgauge multiplets (MDM), (...)

— Axion

(..)

5D spacetime : x

° SUPersgmmetric candidates

P A
— Neutralino
, T
— Sneutrino g
— Gravitino S
"
— AXINo @ 4
() L
o o compact
e Extra-dimensions
2 _
. 9 o9 N n=0 SM
— (Kz)aluza-KIem fields m, = mgy + 72| n=12,... KK states
KK parity > |LKP: stable
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Non«-baryoni’c DM candidates

e “Minimal”’candidates

— Neutrino: standard, right-—han&ed, ...)
WIMP  — Aclditionalgaugc multiplets (MDM), (...)

— Axion

(..)

° SUPersgmmetric candidates

WIMP — Neutralino
WIMP — Sneutrino
— Gravitino

WIMP  — Axino
(...

e Extra-dimensions

WIMP — Kaluza-Klein fields
..)
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Non«-baryoni’c DM candidates

e “Minimal”’candidates

— Neutrino: standard, RHMeV, (...) Non WIMP

— Aclditionalgaugc multiplets (MDM), (...)

— Axion Non WIMP
C..)

° Su!:)ersgmmetric candidates

— Neutralino
— Sneutrino
— Gravitino

— AXINo

(..

e Extra-dimensions

— Kaluza-Klein fields
..)

Nicolao Fornengo, Univcrsity of Torino and INFN-Torino (H:aly) IV Pontecorvo School - Alushta - 30.09.2010



Non«-bargoni’c DM candidates

e “Minimal”’candidates

— Neutrino: standard, RHMeV, (...) e Lowenergy MSSM
" , »  Uni |
— Acldltlonalgauge multlplets (MDM), (...) ,mversa ma’ss paim
» nght neutralinos
— Axion
(.) e Minimal SUGRA
° Su!:)ersgmmetric candidates e Non-minimal SUGRA
’ » Higgs sector
—| Neutralino > » Sfermion sector
— Sneutrino »  Gaugino sector
— Gravitino
, e NMSSM
— AXINo
(. @ Anomaly mediated SLISY
e Extra-dimensions
e (.)
— Kaluza-Klein fields

(...)
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Non-bargoni’c DM candidates

e “Minimal”’candidates

— Neutrino: standard, RHMeV, (...)
— Aclditionalgauge multiplets (MDM), (...)

— Axion

(..)

° Su!:)ersgmmetric candidates

— Neutralino

—| Sneutrino

— Gravitino

— AXINo

(..

e Extra-dimensions

— Kaluza-Klein fields
..)

Wwith R-handed (s)neutrino
With Ma)'orana~mass terms

In see-saw moclels

NMSSM

(..
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Neutralino annihilation cross section

(Tannv)

annihilation is almost at rest
X f

<

X f

xx — ff Z.h, H A s channel
fr-fr t and u channels
Yy — hhohH . HH. AA s channels

t and u channels

Yy — hA HA Z. A s channel
vi (=1,2,3,4) t and u channels
xy — HYH~ Z,h,H s channel
\; (j=1.2) tandu channels
Y —= 22 h,H s channel
\i (i=1,2,3,4) t and u channels
Yy — Wi~ Z.h,H s channel
\; (j=1.2) tandu channels
\\ — hZ HZ Z. A s channel
vi (i=1.2.3.4) t and u channel
Yy — AZ h, H s channel
i (=1,2,3,4) tand u channels
Yy — WEHT h,H. A s channel
\j—" (7=1.2) tand u channels

which one is open depends on the neutralino mass
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MSSM

Q h®

______________________

1072

107 :
- . tn ".' L. 3
104 o o .":..'i:z"'.-_;.. | N
- higgsino - gaugino -

1O'SJ@@LMMM~LMMMMJ
10°%10°10%102102%10" 1 10 10% 10° 10* 10° 10°
Z,1(1-Z,)

J. Edsjo et al.
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Minimal Supergravit3

mSUGRA, A =0, tanf=55, u>0 mSUGRA, A =0, tanp=50, u<0
1600 1600

1400
1200

S ¢

&1000 e

E 800

N\, LC1000 ...
600 M. AT
400
no REWSB 200 no REWSB
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
m, (GeV) _m, (GeV)

My mo Aop tan sign(u)

H. Baer, 09014752 [hep-phl
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Galactic Dark Matter

CDMin galaxics:
- DMasa non~bargonic Par’cic!e
-~ Massive Par’cicle with weak~t9pe interactions (WIMP)
- Distributed to form a halo

- Thermal Component
- Substructures

~ Non~thermal comPonent

Galactic dark matter clctection:

~ ldentiﬁj types of signals

~ Exploit sPechCic signatures

~ Exploi‘c (anti) correlations among signals
~ Stuclg relevant backgrouncls

~ Quanti@ uncertainties

Nicolao Fornengo, Universit9 of Torino and INFN-Torino (lta!g) IV Pontecorvo School - Alushta - 30.09.2010



DISTRIBUTION IN GALAXIES




Galactic environment

disk dark matter halo

View from the side

S —

diffusive halo

Heliosl:)here
N
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Dark matter Phase space (for CDM)

p(r)
Log~s|ol:>e of densxtg PF’O‘F!IC

Einasto: a=0.170
................ T%or & Navarro
N

gl ———— M99

—

v = —dlnp/dlnr

o~ 0.1;

d0ln

log r [kpe/h]

f ()

Velocntg dls’crlbutlon at Sun Posxtlon
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From numerical simulations

Navarro et al., arXiv:0810.1522

Vogelsberger et al., arXiv:0812.0%62
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Subhalos

100.00
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Most subhalos are in the outer halo
Springel et al., MNRAS 391 (2008) 1685
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Velocitg streams

Merger tree “Particles” from common branch

600 L N L ] T 1 T I L I L N LI

400 [—

200 —

v, [km s

time

-200

—400 —

_ 2 Kpe box around Sun B
_60O 1 1 | ‘ | | | | | | | | 1 | | | | 1 1 ‘ | | |

-600 —-400 -—-200 0 200 400 600
v, [km s7"]

Vogelsberger et al., arXiv:0812.0%62
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“Canonical” halo

,0(7“) — po = 0.3 GeV ecm—3 Recent determinations -]

po = 0.385 £0.027 GeV cm™3  (Einasto)

o = 0.389 + 0.025 GeV em=2  (NFW)

p(r) —r~t[r— 0]

21 po = 0.43(11)(10) GeV cm™3

f(ﬁ) - NeXp <_’U2/’Ug) Vesc
Vo = (220 + 50)km S—l Anisotrol:)ies may be Pl’esent
Vese = (450 + 650) km g1

Streams may have imPac’c

[11 Catena, Ullio, arXiv:0907.0018
[2] Salucci et al. arXiv:100%.3101
[3] Pato et al., arXiv:1006.1322
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ASTROPHYSICAL. SIGNALS




MultiChannel search of WIMP dark matter

o Direct search: elastic scattering of x off nucleiin a low bac‘(grouncl detector

‘ > recoil energy of the nucleus

annual modulation of the rate
° lndirect searche& clirectionalitg of the recolil

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

\—> Neutrino Hux > up~going muons in a neutrino telescope
source location/ some sPectral feature

- signals due to xx annihilation taking Place in the galactic halo
———> Neutrinos source location /some spectral feature

> Photons

- continuous gamma-ray 1qu>< source location/ some spectral Feature
- gamma-ray line very goocl sPectral feature

- > Positrons sPectral feature

- > Antiprotons spcctral feature

L > Anticlcuterons very good sPectra| Feature

> FElectrons/ positrons = multiwavelength search (radio, X, gamma rays; SZ on CMB)
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| 49 7 WTH

etc

| 49 Z W H

Relic abundance
Indirect signals
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q q

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

Direct detection
Neutrinos from Earth and Sun
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+ other NP states

Accelerator searches
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DIRECT DETECTION




Direct detection

disk dark matter halo

View from the side

diffusive halo

Direct detection search

X X

Helios[:)here
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Interaction mechanisms - WIMPs

e Elastic scattering with nucle;

- Ex.: Neutralino) Sneutrinos, KK

Er = pusv?(1 — cosf)/my

e Inelastic scattering with nucle;

Tucker-Smith, Weiner, PRD 64 (2001) 043502

— Ex.: Sneutrinos

B2mymp

Scatterif: Am <
2(m1 + myy)

XN —x N

Egx> few KeV

XN — XN

about 1-100 KeV

Nicolao Fornengo, Univcrsity of Torino and INFN-Torino (ltaly)
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Interaction mechanisms — non WIMPs

o Inelastic, scatter on electrons
— Ex.: Light (KeV) [Pseudo]scalars

— 4 -
ZJ,(E' — > Z,2

-
Compton-like Axioelectric Primakoff
or Photoelectric-like

- Q-
a_ 14 a_ € 14
~ ~
LN / .S
Zep——% >—Z& 7o o
i > i ~———— > 7,
-
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Interaction mechanisms - WIMPs

X X

q q

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

Lo = Z a;(70q)(xOx)

Log — < N|GgOq|N > ~ YynOYy — < N|YyaOpn [N >

ﬂUClCOﬂ ﬂUClCUS
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WIMPs - Scatteri’ng cross section
° SPin~ind€Pendent

— Cross section Proportional to thé (mass number}Z OF tl‘ne nucleus
— Channels:

> Vector boson (Z)~mec1iatecl: gauge-tgpe, well known

> Scalar (H, squarks) -mediated: large hadronic uncertainties

_ h,H h,H
Ih,H - Z kg’qu<N|QQ|N> = ku—type Gu + kd—type 9d
q

(in MeV) | my < N|g@|N > my < N|ss|N > my, < NJhhN > | g.  ga

Set A 27 131 56 139 214
Set B 28 186 52 132 266
Set C 37 456 30 97 523

— Nuclear form factors F(E_R)

° SPin~chendent
— Cross section Prol:)ortional to the (spin)z of the nucleus
~ Spin form factors S(E_R)
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E:xample: Neutrali’no-quark scattering

Xq — Xq qr,qr s channel
Z.h,H., A t channel
qr. qrL, u channel

coherent sPi N coherent coherent

spin spin

Nicolao Fornengo, University of Torino and INFN-Torino (H:aly) IV Pontecorvo School - Alushta - 30.09.2010



Interaction rate (WIMP ; scalar interaction)

dR Po MN o (nucleon) 2
— =N A F(Er)Z(Vmin
dER T mX 2”% [gascalar ] ( R) (U )

T (Vmin) I/ d>w fis (40)
wzvmin w

fES (TB) — f(QU —|_ 6@)|[Urot;vesc]

Vmin = [mnEr/(2p%)])H?
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Local motions

@® Stationary over the lifetime of an
Directional boost

View from the toP

Nicolao Fornengo, Univcrsity of Torino and INFN-Torino (H:alg) IV Pontecorvo School - Alushta - 30.09.2010



Interaction rate (WIMP ; scalar interaction)

dR Po MN o (nucleon) 2
— =N A F(Er)Z(Vmin
dER T mX 2”% [gascalar ] ( R) (U )

T (Vmin) I/ d>w fis (40)
wzvmin w

fES (TB) — f(QU —|_ 6@)|[Urot;vesc]

Vmin = [mnEr/(2p%)])H?
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T‘Fm‘m (km S_l)

Rcsponse function

A Bottino, F. Donate, N. Fornengo, 5 Scopel (2005) o 200 400 BOO 800 A. Bottina, F. Donato, N. Fornenga, 5. Scopel (2008}
] 000 T T I T T T | T ¥ T [ T T ‘_IJ ! i 1 E v T l T l T L I L I T Trr T T Tr T i Ty -a'
- . R 1 (&) 3
my = 10 GeV Ge ] 1
800 20 GeV | i
K - -
600 |- 50 GeV _ -~ P :
= * - i 4 e —g
L e 4 iz :
- - — -
P 106-GeV -
= | - 3
400 PR - _:1 E 4
e 500 GeV | 5 "
1 TeV*E - 3
e d 10
200 e {
- { ]
! 310
0 [ B 1 TR TR T R 1 | 1 L : s 10-%
0 20 40 60 80 100 : 0 200 400 600 600
E, (keV) Vi (k- 71)

Vusin = [my Er/(243)]"/? Tomn) = [ dw L2500

'wzvmin w

A. Bottino, F. Donato, N. Fornengo, S. Scopel, PRD 72 (2005) 08%521
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Differential Rate — Energg Depenclence

_3 N ! I I I 1 | I I I I I I I I I I 1 I I

log,,[(dR/dE)/(dru)]
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Local motions

@® Stationary over the lifetime of an
Directional boost

® Period: 1 year

@® Period: 1 day

View from the ’coP
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Typical signaturcs of direct detection

@® Stationary over the lifetime of an
Directional boost

Directionality

® Period: 1 year

Annual modulation

@® Period: 1 day

Diurnal modulation

View from the toP
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Annual Modulation of the rate

0= gl + 5 () ot o)

= So(ER) + Sm(ER) coslw(t — to)]

n(t) = v(t)/vo
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(km s1)

min

N. Fornengo, S. Scopel (2002)

Annual modulation

|\||||rl|

400

TTrrrorT’

T

i

LA LA

S— “
\
\
|| I\Illv\n\llkll\

300

100

|

'J.I...\If-

|
AN

4 6 8 10

400

1 300

100

0.95

N. Fornengo, S, Scopel (2002)

t (day)

(V) isotropic maxwellian

N. Fornengo, S. SCOPCL PLB 576 200%) 189
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Directi'onahtg of the recoil

my =100 GeV

180.0°

0.002 0.004 0.006 0.008 0.01 B
Recoil Rate(E;>20keV)/kg day sr

1 !
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Current direct detection cxpcri’ ments

° Background~r<jection experiments (CDMS, XENON, CoGeNT, +)
— Do not exploit a sPechCic signature of the signal

—~ Re|9 on reduction/ interl:)retation of background

e Annual modulation expcriments (DAMA)

— Exl:)loit a sPeciFic signature

— Requirecl to be highlg stable over long Periocls
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DAMA annual modulation

Effectat8.90 C.L.

Single-hit events in the signal energg-window
Sta ilitg Parameters do not modulate

Corgfatible to DM scatter

oft nuclei

on electrons

Cumulative exposure: 1.17 ton X yr (1 annual cgcles)

(i.e. 427050 Kg x day)
Spl2-6 KeV1 = (0.0116 £0.001%) cpd/kg/kev
Phase = (146 £7) dags

Period = (0.999 + 0.002) years

Residuals (epd/kg/keV)

Residuals (cpd/kg/keV)

Residuals (cpd/kg/keV)

2-4 keV

e : - DAMA/LIBRA = 250 kg (0.87 torwyr) ————————————>

Tiﬁ; <(;lay)

2-5 keV

DAMA/LIBRA = 250 kg (0.87 tonxyr) ——————————>

- Tiﬁle [ﬂay‘)

2-6 keV

o8 E DAMA/LIBRA = 250 kg (0.87 tonyr) —————— >

" Time (day)

R. Bernabei et al. (DAMA Collab.), arxiv:1002.10238 [astro—PHGA]
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gion

re
(convolution over galactic halo models)

DAMA/LIBRA allowed

DAMA annual modulation reg’on

[1’10 channeling ]

0

models

gaugino non universal

(sl'lacle includes hadronic uncertainites)

Neutralino DM: MSSM +

A. Bottino, F. Donato, N. Fornengo, S. ScoPc], PRD 78 (2008) 083520

orvo School - Alushta - 30.09.2010
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sity of Torino a
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CDMS Il — Final exposure (2009) - 2 events pass cuts

Normalized Timing Parameter

4{} T T T T T I
: : | : + Fail Timing Cut
I ® Pass Timing Cut
=
£
- ¥ RITITE ST P PP NOTEITIRPRE IO .
T
i
- .
E T PITSRIRS R S _
4 :
‘| + Fail Timing Cut
® Pass Timing Cut
- .
2
T SRRSO .5 . U
! :
8 a
E ;
g s S TP PP 4
E .
e ;
z I
o i S |1
i i i
5 10 15

lonization Yield

lonization Yield

1.5

1.2F  Neyer g

09f

0.6R /"

1.2

L) T 1§
+| * Fail Timing Cut |
® Pass Timing Cutf|
wprontbhos o Bigos eBT) oty

09

0.6K:"

0.3

+  Fail Timing Cut
® Pass Timing Cut

o T L ARTE)

L i+ i

Cumulative exposure: 612 kg X clag

40 60 80 100
Recoil Energy (keV)

Z. Ahmed (CDMS Collab.), arXiv:0912.3592 [astro~P]1.CO]
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CDMS 2009

A. Bottino, F. Donato, N. Fornengo, S. Scopel (2010)
10-38 T T LA B B B | T T T T

L1131l

DAMA no chann

10799 - (\\\
DAMAEchann \

2
T T IIIIIII
<

10-41

T

¢olpugleon  (cm?)

10—42

LR |

10—43

CDMS 2009 2 events
it interpretecl as DM

| — e e
10 100

m, (GeV)

10-44

A. Bottino, . Donato, N. Fornengo, S. scopel, PRD 81 (2010) 107502
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CoGeNT

A. Bottino, F. Donato, N. Fornengo, S. Scopel (2010)

10-% ¢ e : T
100 | (\\\ ] CoGeNT 20I10: irreducible excess of
; \\\ +—  bulk-like events below 3 KeV
o~ 1040 | \\ Aalseth et al (CoGeNT), arXiv:1002.470% [astro~Ph.CO]
g :
2 i Cumulative exposure: 18.48 kgx clag
’s‘ 10—41 E—
g
Mo 10742
104 £ CDMS 2009 2 events
i it interpretecl as DM
10-44
10 100
m, (GeV)
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XENON 100

A. Bottino, F. Donato, N. Fornengo, S. Scopel (2010)
10-38 T T T T

T T T T T

T T TTTTT

10-0 No event pass all cuts

LR |
%
~

T T
/ .

10—40

10-41

T

¢olpugleon  (cm?)

10-42

T

10—43

LR

Current cumulative exposure: 170 kgx clag

1044 ; :

XENONIOO Collaboration, arXiv:1005.0%380v2 [astro—Ph.CO]
XENONIOO Collaboratio, arXiv:1005.2615vi [astro—Ph.CO]
E. APrile, WONDER Workshop, LNGS, March 2010
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Xenon detector: scintillation eqiciencg

& 0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05

0.00

Arneodo (2000)
Bernabei (2001)
Akimov (20027
Aprile (2005)
Chepel (2006)
Aprile (2009)
Manzur (2010)
Sorensen (2009)

« B »r 4 0[O

&

—— Lebedenko (2010}

—_

10°
E,: [keVnr]

XENONIOO Collaboration, arXiv:1005.2615v1 [astro~PHCO]
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10-38

10—39

10—40

10-41

¢olpugleon  (cm?)

10-42

10—43

1044

XENON 100

A. Bottino, F. Donato, N. Fornengo, S. Scopel (2010)

T T TTTTT

T T T T T

LR

T T T T T T T T T T

T 1
' N

No event pass a” cuts

See also:

Savage, Gelmini, Gondolo, Freese, arXiv:1006.0972 [astro~Ph.CO]
Collar, arXiv:1006.20% [as’cro.Ph~CO]

Hooper, Collar, Hall, McKinsey, arXiv:1007.1005 [heP~Ph]
Sorensen, arXiv:I007.3549 [astro~Ph.lM]

Current cumulative exposure: 170 kgx clag

m, (GeV)

XENONIOO Collaboration, arXiv:1005.0%380v2 [astro—Ph.CO]
XENONIOO Collaboratio, arXiv:1005.2615vi [astro—Ph.CO]
E. Aprile, WONDER Workshop, LNGS, March 2010

Nicolao Fornengo, University of Torino and INFN-Torino (H:aly) IV Pontecorvo School - Alushta - 30.09.2010



CRESST - unpublished

A. Bottino, F. Donato, N. Fornengo, S. Scopel (2010)

10-38 T I . . .
g | "! 116 smgle scatters in O recoil band
T Lo 11 event in W recoil band
1079 N\ i E
RN :
ol \\\‘- BARS 1 Evenly distributed in all detectors
NE E \ ,‘,‘; -+ _, % il E
\C_.)/ E KR5S . ".\. X, : . . ,
. S S / Rate different in summer/winter (not
S5} NGl N statisticaug signif:icant)
LYW 10—42 ? )
- Rate too hxgh for external neutrons
10-43 —
= Current cumulative exposure: 355 kgx c]ag
1o 10 100
m, (GeV)

Seidel, CRESST Co”aboration, WONDER Workshop, LNGS, March 2010
Jochum, GGI, May 2010
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HES AT NEUTRINO
EL.LESCOPES

p—




Neutrinos from Earth and Sun

° Cal:)ture:

— galactic: DM Particles that cross the Earth and the Sun, can
interact with the nuclei in these bodies and loose enough energy
to remain gravitationa”g Capturecl

e Accumulation:

— after subsequent interactions theg tend to drop into the
Innermost Parts of the Earth and the Sun, where tlﬁeg accumulate

e Annihilation:

— when the energy densitg in the inner parts of the Earth and the
Sun increases enough, theg may start to annihilate

neutrino Hux
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Detector
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Captu re Rate

o Elastic scattc:ring of the DM Par‘ticle with a nucleus 7 in a
spherical shell af a distance rfrom the center of the Earth
(or Sun)

e In order to be cal:)’turecl, the veloci‘cg of the DM Par‘cicle
after the interaction must be smaller than the escape
velocitg at the shell

2" = 618 Km s~ !

€esCc

Earth __ —1
Vpoo = 11.2 Km s

at the suncace

(v) ~ 300 Km s~1 mean DM Particle velocitg
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Ca Ptu re Rate

SN2 py ] 1M [302
_ o e 7 L esc ; “( Sz
¢ Z (37?) mel [mj 202 (91| £(0)

. 4 1 A N

suppression Factor due to
interaction rate of a Hlux of DM kini:%atics (mainlg mass
Particle with a nucleus in free space mismatch)

number of nuclei of tﬂPC / inthe bocly

suppression Factor due to the

motion of the boclg (~0.75)

“Focusing factor” which determines the
maximum caPture rate of the body

M i Total mass in terms of element /

(qﬁ)z Gravitational Potential averagecl over the mass distribution of element /
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Captu re Rate

Sun

Farth

1

202

= (5)" [reo| [2] [Bn ] s

Nuc H He O C Ne e N Si Mg
f 0.7/ Q.21 | 8107 | 41072 | 1107 | 1107 | 9.10°% | 8.10°7 7.10"1'
A 1 Sy 16 12 20 56 14 28 24

nuclei of tch / in the boclg
core mantle

Nuc | Fe | Si Ni O | Si | Mg | Fe | Ca | Al
{: 0.24 | 0.05 | 0.05 § 0.50 0.5 O | 0.06 | 0.02 | 0.01
A 56 S 59 16 28 et 56 40 27

Nicolao Fornengo, Univcrsity of Torino and INFN-Torino (H:aly)
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DM clensitg

) DM Velocitg clispersion
DM-nucleus cross section

8\ 3v?
C= (—) =-(0)i| £(00)S;
Z 3 21.?2<>l ( )';
suppression Factor due to
interaction rate of a Hlux of DM kinpci;atics (mainlg mass
Particle with a nucleus in free space mismatch)

number of nuclei of tﬂPC / inthe bocly

suppression Factor due to the

motion of the boclg (~0.75)

“Focusing factor” which determines the
maximum caPture rate of the body

M i Total mass in terms of element /

(qﬁ)z Gravitational Po’cen’cial averagecl over the mass distribution of element /
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Capture rate on Earth

Sun

Capture rate [s ']

I I 1 1T 1T 1T T 171

Gaussian
——  PBest estimate
Conservative

Ultra conservative

\

1
]
1
A |
I |
A B

L1 Ll

x 1.8-1077 [s71]

PR | i
100 200 300 500 1000

WIMP mass (GeV)

J. Lundberg, J. Eclsjoj astro~Ph/O‘l~OHl
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Accumulation and concentration

o DM Particles which have been cal:)turecl inside Earth or
Sun can suger subsequent scatterings

o This may lead to:
— Concentration in the innermost Parts of the Earth or Sun

— Development of an equilibrium distribution of these Particles

distribution n(r) = nge ™"

nog central cJensitg
ap = 21Gpo/(31))
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Annihilation rate

Capture rate C
Age of thebody 79 = 4.6 Gyr
Relaxation tine T4 = [CC 4] /2
Ca = (TamnV)o V2 / V7

ij = CB (jmx/lO GeV) —3/2 CHl3 Effective volumes of DM concentrations
More concentrated For larger masses

cp = 1.8-10%° / 6.6 - 10*®
Earth Sun
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Neutrino Production

e Neutrinos are Procluced 139 DM annihilation

— Available Channels CICPCHCI on mass thrCSI'TOl(:I
xx — v, ll, g, WTW—, ZZ, Higgses, Higgs + gauge

— Quark hadronize = neutrinos from hadron decag

e Productions in Earth
— Muons: stoppecl before decag — neutrinos below tgpical thresholds

— Taus: dec39 almost as in vacuum
— Light hadrons: tgpica”g stoppecl before decag
— Heavg hadrons: tgpica”g clecag before loosing signiﬁcant energy

e Production in Sun
—~ Lep’cons: stoPPing power of medium is stronger — softer neutrino spectra
—_ Light hadrons: tgpica”g s‘coPPed before decag

— Heavy hadrons: energy losses im ortant, need modelin
Y &y P &
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Spcctra at Production
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M. Cirelli, N.Fornengo, T. Montaruli, I. Sokalski, A. Strumia, F- Vissani, NPB 727 (2005) 99
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Neutrino Propagation

Densitg matrix evolution

d _ d d d

—p:—z[H,p]—I-—p + 22 2R

dr dr e dr|ye  drl,
Vacuum oscillation
MSW matter effect source

CC interactions
(absorption and v, regeneration)
NC scatten ngs

(absorption and re~injection)
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Effect of propa gation

Earth Sun

—
)

75}

o
"
A

Correction due to propagation
—

e
—

Correction due to propagation

3 10 30 100 300 1000 3 10 30 100 300 1000
vy energy in GeV vy energy in GeV

Earth:

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

— Affected 139 average “solar” and “atmospheric” oscillations

— Absorption suppresses neutrinos for E > 100 GeV (Partia”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. Eésjo, T Olﬁlsson, JCAP 0801 (2008) 021 for an event-based MC aPProach
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Earth signal: through-going muons
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Neutralino DM in Gaugino non-universal MSSM

V. Niro, A. Bottino, N.Fornengo, S. ScoPel, arXiv:0909.2348
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Sun signal: stoppi’ng muons

f-l—-‘ 10_12 ||||| T | LI I'IIII | T L L lllll T T LI I 10_12
m 10Q-13 hadronic set MIN hadronic set REF hadronic set MAX 10-13
‘}‘E 10-14 - g, 'S &, 10-14
o 1018 g..,. Y . i " 10-185
~ q10-18 B 0 Rveg ‘ 10-16
ﬁ 10-17 " . 10-17
j 10—15 . ey 10_15
55 10-19 | : 10-19
R -20 ||||| 1 1 1:.-\"1;1 |1||| 1 1 lII.lI 1 1 1'||J‘1| -20
= 10 10
10 100 10 100
m, (GeV) m, (GeV) m, (GeV)

'-I*_" 10-12
#1013
qlE 10-14
\9’ 10—15

10-186
L=,
= 1017
2 10718
E_E 10-19
& 10-20

10

m, (GeV) m, (GeV) m, (GeV)

Neutralino DM in Gaugino non-universal MSSM

V. Niro, A. Bottino, N.Fornengo, S. ScoPel, arXiv:0909.2348
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Sun si’gnal: muons above 1 GeV

T

10 6 - ety - ES0 and G. Wikstrom, 2009

------ SUPER-K 2004
IceCube-22 soft, 2007 -
lceCube-22 hard, 2007

:— Teq < 4.5x10° years

1 >45%x10°
10 S 5 4 T by meana. IC-80+DeepCore
= 1825d sens. (hard) =
| E'l = 1 GeV
10 4 mSUGRA+MSSM

Muon flux from the Sun (km'2 yr")
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Neutralino Mass (GeV)

G. Wilkstrom, J. Eclsjo, arXiv:090%.2986
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Reconstruction of the DM properties

DMy from the Earth
1+r ‘ e ———= ()
solid: 100 Fu”g contained muons - : - ]
dashed: 1000 thru~going muons 7 |
dotted: 200 shower events in AE =30 GeV 0.8 10.2
E B
e _ | -
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> ' 1 >
- : : -
> 0.4} 10.6 =
S %3
z -
02+ 10.8
) - 90, 99% CL (2 dof) ] |
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DM mass in GeV

M. Cirelli, N.Fornengo, T. Montaruli, 1. Sokalski, A. Strumia, F Vissani, NPB 727 (2005) 99
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An3 effect of trapped DM on Sun’s Properti’es?

e WIMPs are confined in the central region of the Sun

R, ~ 0.01 (100 GeV/m,)'/? Ry

° They Provide a mechanism for energy transl:)ort

A. Bottino, G. Fiorentini, N. Fornengo, B. Ricci, S. Scopel, F.Villante (2002)
LA L B E B B
50 AN coherent
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Neutralino DM in the MSSM

Capture: coherent dominated
A. Bottino, G. Fiorentini, N. Fornengo, B. Ricei, S. Scopel, F.Villante (2002)

[ LI | 1 1 ‘T\‘..I T T 1 T [ 1 1

4 2 T 17T ‘ T 1 1

Log,o(N,)
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ANTIMATTER IN COSMIC |

ANTIPROTONS




Antiproton signal

disk

diffusive halo

DM siial

Produced in the DM halo

Pro agﬁution and ener%?
redistribution in the diffusive halo

dark matter halo Sccondarics

Produced in the disk

Pro a%jtion and ener%?
redistribution in the diffusive halo

Hcliosphcre

@
v so!ar moclu!ation

B2 T3) = ) (1) (L0 "”))2

my
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Diffusion and Propagati’on in the Galax3

clark matter halo

e Two-zone ditfusion model (cglinclrical sgmmetrg)

— Thindisk
v’ Radius R =20 ch
v Thickness h =100 pc
v Surface clensitg O{PIS gas: X = 2hngy, (Ngpy =1cm)
— Ditfusive halo
v’ Radius R diffusive halo
v Height L disk

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

— Inelastic (non~annihila’ting} scatteringand annihilation

— Galactic wind away from the disk in vertical direction
— Energg [osses:

v lonization: interaction with the neutral 1S matter

v Coulomb scattering: interaction with ionized Plasma (’chermal electrons)

— Reacceleration on random hgdroclgnamic waves (in the disk onlg)
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a5 (1,2, Tp)

Propagation in the Galaxq

> | DP(r, 2, T5)

- solution of the stead3~state diffusion equation with
energy losses and reacceleration

~ CICPCHCIS ona number O]C astrophgsical Parameters:

_ difusion coefficient
- Iﬂeight of the diffusive halo L
- galactic wind velocitg Ve

_Alfven Velocitg (reacceleration)

Va

K(E) = K,3(R/1GV)°

The params are constrained bg stable nuclei pro pagation, mainlg B/C
[D. Maurin et al. Astron. Astrophys. 381 (2002) 5391
case | 0 Ky 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 22.4 39.02

Nicolao Fornengo, Univcrsity of Torino and INFN-Torino (ltaly)
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101 ¢

T T \!IWIII

Interstellar antiproton Auxes

Primaries

(DM signal) Secondaries @

| — (backgrouncl)
m, = 100 GeV i
<25% uncertaintg

10—6 1 1 IIIIII‘ 1 1 1 llllll | ||||\Jl 1 1 III‘-IIII
0.01 0.1 1 10 100
T[ES (GeV)
0 I case | 0 Ky L V. Vi X%/c
I~ Donato, N. Fornengo, D. Maurin, P. Salati, R. _
Taillet, PRD 69 %zoo@ 060350 (kPC2 /Myr) | (kpc) | (km/sec) | (km/sec)
max | 0.46 0.0765 15 ) 117.6 39.98
(2) D.Maurin et al. Astron. Astrophys. 381 (2002) 5%9 med 0.70 0.0112 4 1 92.9 25.68
min | 0.85 0.0016 1 13.5 22.4 39.02
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Seconclarg antiprotons
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= Donato, D. Maurin, P. Brun, T. Delal‘lage, P. Salati, arXiv.0810.5292 [as’cro-Ph]
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Theoretical Predi’ctions for neutralinos

MSSM +gaugino non universal
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J cosmo|ogica“g dominant neutralinos
J cosmologica”g subdominant neutralinos

A. Bottino, F Donato, N.F, S. scoPel, PRD 70 (2004) 015005
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F. Donato, N.F, D. Maurin, P. Salati, R. Taillet, PRD 69 (200%) 06350

Nicolao Fornengo, University of Torino and INFN-Torino (H:aly)

IV Pontecorvo School - Alushta - 30.09.2010



~ 01
T 102
)
’T‘_ 10-3
w
T 104
5]
T 10-8
E
108
O
o 1077
™
“ 108
o
' 107
[[-8
)
‘:’ 10-10
Eia
' 10-n

Sneutrinos in Leﬁ:-Right models

C. Arina, N. Fornengo (2007)

BESS [current limit]

Illlll

solar minimum
median astro

PAMELA [3 years)

- X

. '-.'l'-s.":l.‘

{#&5 i‘o N

h'f, P

llllll

1

| |

antiprotons V5. mass

100
m, (GeV)

1000

S
-

102

103

10-4

10-®

10-¢

107

10-8

10-%

10-10

10 (T; = 0.23 GeV) (m=2 s7! sr™! GeV-?)

0-1l

C. Arina, N. Fornengo (2007)

BESS [current limit]

PAMELA [3 years)

10-1%10-1410-1310-"210-1110-'° 10-? 10-® 10-7 10-® 10-%

3

(nuclecn)
Uscnlnr

(nbarn)

antiProtons vs. direct detection

C. Arina, N. Fornengo, JHEP O711 (2007) 029
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ANTIMATTER IN COSMIC |

ANTIDEUTERONS




Cosmic antideuterons

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

disk dark matter halo

Secondaries

diffieve halo Produced in the disk

Pro agﬁtion and ener
redistribution in the diffusive halo

DM signal

iosphcre

Produced in the DM halo solar modulation

Propagation and ener
redgtri%)ution in the cli%?usive halo
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lgna| ancl its uncertainties
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Tra nsPort:

- High~energies: diffusive halo size L

— Low~energies: L+ galac’cic wind

Energy redistribution (not dramatic):

— lLoss
— Reacceleration

— Tertiarg redistribution

Change of DM halo Prcnclle
[fixed local clensxtg]

A. Donato, N. Fornengo, D. Maurin, PRD 78 (2008) 045506
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TOA Huxes and S/B gain
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A. Donato, N. Fornengo, D. Maurin, PRD 78 (2008) 045506
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Theoretical Precli’ctions

MSSM + gaugino non universal SUGRA )
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ANTIMATTER IN COSMIC |

POSITRONS




PAMELA Posi’tron fraction
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10°

O. Adriani et al. (PAMELA Collab.), Nature 458 (2009) 607
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Positron energy [GeV]

10

Nicolao Fornengo, University of Torino and INFN-Torino (H:aly)

IV Pontecorvo School - Alushta - 30.09.2010



FERMI electrons + Positrons

© AMS (2002)
T @ ATIC-1,2 (2008) w Tang et al (1984) 1
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A. Abdo et al. (FERMI/LATCollab.) PRL 102 (2009) 181101
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chtonic “anomalg”

e “Excess” above few tens of GeV
e Hard to reconcile with pure seconclarg origin

° LePtonic Primarg sources

— Pulsars

> Purelg leptonic Production (no Protons/ antiprotons)

— Supemova remnants

> CR sources

— Dark matter annihilation (or clecag}
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Primarg Electrons and Positrons

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010) Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)
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J. Lava”e, T. Delahage, R. Lineros, . Donato, N. Fornengo, arXiv:1002.1910 [astro~Ph.HE]

Nicolao Fornengo, University of Torino and INFN-Torino (ltaly) IV Pontecorvo School - Alushta - %0.09.2010



Delahaye, Lavalle, Lineros, Donato & Fornengo (2010) Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)
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o [or astrophgsical interl:)retation, see also:

— Hooper, Blasi, Serpico, arXiv:0810.1527

— Yuksel, Kistler, Stanev, arXiv:0810.2784

— Profumo. arXiv:0812.4457

— Grasso et al. arXiv:0905.06%6

— Malgshev, Cholis, Gelfand, arXiv:0903.1310
— Kawanaka, loka, Nojiri, arXiv:0903%.5782

— (. incomplete list)
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anar3 Posntrons from DM annihilation

T. Delabaye, R Linesos. N. Formengo, F. Dosaio & P Salati (3007)
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For annihilation cross section consistent with WMAP for a thermal relic

T. De]ahaye, R. Lineros, F. Donato, N. Fornengo, P. Salati, Phys. Rev. D 77 (2008) 06%527

Nicolao Fornengo, University of Torino and INFN-Torino (H:aly) IV Pontecorvo School - Alushta - %0.09.2010



Positron fraction: incluclinga DM signal
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Positron fraction: mclucllnga DM si'gnal

= 500 GeV

» PAMELA 2008
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“Model i'nclepenclent” analgsiss
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Fit on Positron and antiProton data (with S&M backgrouncb

M. Cirelli, M. Kadastik, M. Raidal, A. Strumia, arXiv:0809.2409v3 [th—Ph]
See also: V. Barger, W.-Y. Keung, D. Marfatia, G. Shaughness& arXiv:0809.0162v2 [he[:)~|:>h]
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Model independent analgsis
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AstroPhgsical boost
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J. Lavalle, Q. Yuan, D. Maurin, X.J. Bi, A&A 479 (2008) 427
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Particle

Plngsics boost: Sommerfeld effect
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M. Lattanzi, J. Silk, arXiv:0812.0360v1 [astro—Ph]

See also:

J. Hisano, M. Nagai, M. Nojiri, M. Senami, PRL 92 2004) 031303

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

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

J. Marcl'l~Russc”, S. M. West, D. Cumbcrbatcl'], D. Hool:)cr, JHEP 0807
(2008) 058

N. Arkani-Hamed, D. P. Finkbeiner, T. Slatgcr, N. Weiner, arXiv:0810.071%
[heP~Ph]

M. Cirelli, M. Kadastik, M. Raidal, A. Strumia, arXiv:0809.2409v» [I’ICP-PI"I]

Nicolao Fornengo, University of Torino and INFN-Torino (H:aly)

IV Pontecorvo School - Alushta - 30.09.2010



Astrophgsical bounds on Sommerfeld boost
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R. Catena, N.Fornengo, M. Pato, L. Pieri, A. Masiero, arXiv:0912.4-4 21 as’cro~PHCO]
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e For bounds on enhanced annihilation rate, see also:

~ 5. Galli, F. 1occo, G. Bertone, A. Melchiorri, arXiv:0905.000%vi [astro~[:>h]
— M. Pato, L. Pieri, G. Bertone, 0905.0%72V! [astro~Ph.HE]
~ Cirelli, Pandi, Serpico, arXiv:0912.066%

— Cirelli, locco, Panci, arXiv:0907.0719

— Cirelli, Panci, arXiv:0904-.3080

— Bertone, Cirelli, Strumia, Taoso, arXiv:0811.3744

— Cirelli, strumia, arXiv:0808.3867

— Cirelli, Franceschini, Strumia, arXiv:0802.3%78

— Arina et al. arXiv:1004.0645

— Galliet al., arXiv:1005.3808

~ Feng, Manoj, Hai-Bo, arXiv:i005.4678

(oo incom[:)le’te list)
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e For DM inter[:)retation of the PAMELA data:

— More than 150 papers
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H, I'(GeV)

“Cosmological boost”

R. Catena, N. Fornengo, A. Masiero, M. Pietroni, F. Rosati (2004)
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Cosmologi’cal boost for PAMELA
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R. Catena, N.Fornengo, M. Pato, L. Pieri, A. Masiero, arXiv:0912.4421 astro~Ph.CO]
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lnterpretati’on of |eptoni'c, CR data

o DM: Problematic

- Requires large boosts
> Astrophgsical: quite unlikelg
> Particle Phgsics (Sommerfeld): somehow contrived, constrained

> Cosmological: constrained, requires modified cosmologlj

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

° Astrophgsical intc—:rpetation

— Pulsars and SNR may account for the excess

~ Energetics not Fu”g understood, but consistent with models
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Gamma-rag signal
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Subhalos and extragalactic
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2. do/dE, [MeVem ™ s71 sr7))

Bounds on cosmo|ogi’ca| DM annihilation
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¢, (cm=2 s7! sr7! GeV-!)

Sneutrino Dark Matter

C. Arina, N. Fornengo (2007)
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C. Arina, N. Fornengo, JHEP 0711:029,2007

Nicolao Fornengo, University of Torino and INFN-Torino (H:aly) IV Pontecorvo School - Alushta - %0.09.2010



Gamma-rag line
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Gamma~r33 line: neutralino DM
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Gamma-ray line from neutralino DM may be visible, under favorable conditions

G. Zaharﬂasj D. Hooper, PRD 73 (2006) 103501
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Further topi’cs

e Neutrinos as DM messengers from the Galactic Center
— Ditficult to detect (correlate with gamma~rags)

e Radio emission from electron emission in magnetic fields
— WMAP haze: excess of microwave emission at GC [7] Finkbeiner, Ap. J. 614 (2004) 186
— Spherical) radius 4 Kpc

— Sgnclﬂrotron emission trom electron component?

e Gamma rays from IC of electrons/ Positrons on radiation fields
— FERMI haze: excess of gamma-ray emission at GC [7] Finkbeiner et alrarXiv:0910.458%

— Inverse ComPton counterpart of the WMAP haze?

° Sungae\/~le]dovich effect on CMB in galaxg clusters Colafrancesco, AA 422 (2004) 123
— Ver9 sma” ettect, Prospects tor the tuture )
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Conclusions

° Astropgsical searches may be Proricientlg used to set constraints on the
Properties of Particle DM

o If asignalis detected, it may guic!e us toward the Eroperties of the DM
candidate (anc:l to some extent of the underlging ew Phgsies model}

e Different detection signals Probe different Properties of the DM Particle
and feel ditferent features of the galactic environment

e DM searches require:
— To exploit sPeciFic and tgpical signatures of the various tgl:)es of signals

— DBetter knowleclge of the astrophgsical environment
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Conclusions

° Cosmological ProFerties and astrophgsical signals of Partic:le DM
candidates can either guicle or complement accelerator Phgsics searches

e Viceversa, accelerators, with their capabilitg of identigginé (at least part
of the) BSM Particles and their Properties, will allow to s ape out the
Preciictions for DM signals

e Thetwo aPProaches are therefore both fundamental in the stuclg of the
DM hgpothesis

— Accelerators: prove the existence of Phgsics BSM and c:lirect|9
discover the new Phgsical states

— DM searchf:S: Prove that the new Phgsical states explain the DM
Puzzle and explicitelg iclenthcg the DM presence in the astrophgsical
environment

° The interpla%, between the two aPProaches may be able (in the Future) to
tell us somet ing on the cosmologlcal evolution of the earlg Universe
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The Particle Dark Matter Crossroad

Theoretical Particle Candidate: Models of New Phgsics
Experimental /Observational

(Supergmmetrg, Extra-dimensions, ...)

Accelerator Searches

Cosmologg of the Dark Matter Astrol:)hgsical Signals of the Dark Matter
Particle Particle
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