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Signatures of Dark matter
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Energy in the Universe

Cosmic observatories
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Standard model today
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Dark matter candidates

Neutralino
Kaluza-Klein Boson
Axion

Axino

Gravitino
Photino

SM Neutrino
Sterile Neutrino
Sneutrino

Light DM

Little Higgs DM
Wimpzillas
Q-balls

Champs (charged DM)
D-matter

Cryptons
Self-interacting
Superweakly interacting
Braneworld DM

Heavy neutrino
Messenger States in GMSB
Branons

Chaplygin Gas

Split SUSY

Primordial Black Holes
Dark Photons
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Dark matter candidates: simply classification E

Minimal extension of
standard model
The lightest stable particle
(LSP) T neutralino ( G )

Very light
(m O eV)

Dark matter Middle mass
candidates (m>eV & m<100GeV)

Supergravitation
(LSP) - gravitino (g)

Massive or very massive
(_m 1@GeV) WIMP Multi dimension space

The lightest stable particle
(LKP) 7 Kaluza-Klein
particle (BY)
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WIMPs: Weakly |nteracting Massive Particles

a A~ 0D e

Possess only gravitational interaction

Interaction intensity not more than weak interaction
Neutral

Stable or with large time of decay

Have a large mass
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Dark matter searches

LUX
DARKSIDE
XENON
DAMA
CDMS
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Indirect methods
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Production on accelerators

Direct methods
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Dark matter searches: direct method

|3: 10-3

Target Atom
(mass Ma)

WIMP

Recoil
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Dark matter searches: production on LHC

Search foKaluzaKlein boson with simplest process

PPA Jux Ok A € Byxt Byy

An example

4 jetsandE

missed
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Indirect searches
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Small-scale clumps of dark matter in the Galactic halo
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Distribution of dark matter in Galaxy
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DM annihilation (or decay) in the Galaxy

Center
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PAMELA scheme E

Measurements:
A Velocity ( b
A Deflection & Rigidity
A Energy losses
A Cascades
A Number of neutrons

Determine:
A Lepton/hadron
! A Charge and sign of chargd\z)

A Mass (A, M)
A Momentum and energy
cevessnesanessnenes [ 10 AParticleds dire

______________________________________________________________________________________

! Magnetic spectrometer PAMELA
7 Time-of-Flight;
Anticoincidence;
Coordinate tracking systent(double-side orthogonal planes);
Magnet 6 modules); !
Silicon strip coordinatesensitive detector;
Cascade tail detector£]
Neutron detector;
Herm container. '
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PAMELA E

Energies

protons 0.081 1200 GeV
antiprotons 0.08i1 350 GeV
electrons 0.08i 700 GeV
positrons 0.081 300 GeV
nuclei 0.057 100 GeVhuc
Mass 450kg

Dimensions I1m3 1m31.25m
Magnetic field 0.48T

Power 350W
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Launch of ResursDK 1
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Positron to electron + positron ratio E
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et/(et+e)

Positron to electron + positron ratio: nature of dark matter

Bergstrom, Bringmann & Edsjé (2008)
I I I I

0.2
4 PAMELA

=  HEAT

0.1

0.05

----- 5 (m,=132 GeV)

0.02 -
BM3 (m,=233 GeV)

background

0.01 '

| |
5 10 20 50
E.+ [GeV]

"I";f[@; + e_}

Neutralinoannihilation boostfactor3 A4 0

0.20

0.10

0.05

0.02

0.01

ke

D. Hooper K.M. Zurek arXiv:0902.0593v1

1 1 1 | | I I I I LI | J__
- mpm=600 GeV, BF=700, x°/dof=0.86 1
| mgw=800 GeV, BF=1800, x*/dof=0.80 g N
=i .
1 1 11 | | | | | | 11 1 | |
5 10 20 50 100 200
E, (GeV)

KK annihilation boostfactors700& 1800

Charm and Beauty in Physics, Novembé11, 2016



Positrons and antiprotons fro@

The shape of spectrum is
depends on

1) Mass ofWIMP
2) Channels of
annihilation
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