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Introduction and motivations

Evidence for Dark Matter

The existence of dark component of matter is now established
without any reasonable doubt

So far all the signals of Dark Matter are astrophysical, direct evidence
is gravitational

@ Gravitational interactions

@ Rotation curves of galaxies

@ > Q =1, there must be something inside it
e CMB

We do not know what DM is and how is it generated.

Can particle physics concepts explain the existence of DM naturally?



Introduction and motivations

Particle physics candidates for Dark Matter

Modern particle physics concepts do provide natural NP candidates
for DM

@ Stable weakly interacting massive particles (WIMPs) of mass
100GeV -10TeV (SUSY, Little Higgs with T-parity, Kaluza-Klein
DM, Inert Doublet Model etc)

@ Massive neutrinos (not enough, warm DM)
@ Axions (not testable)
@ Many more possibilities

WIMPs are among the most popular candidates also because of the
DM generation mechanism
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WIMP DM - a natural thermal relict

WIMPs can be naturally thermal relicts, i.e., their abundance "freezes
out."

Thermal relicts: the initial abundance in thermal equilibrium, simplest
and most predictable scenario

Indeed, typical weak interaction cross section for the process
DM + DM — W W~

is of order 1pb which implies that 1 TeV WIMP could naturally be the
Dark Matter

Coincidence of a signal of New Physics?

Non-thermal relicts: initial abundance created, e.g., in decays of
heavy particles, inflaton etc.
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Detection mechanisms of DM

Search for weak interaction processes of DM
@ Direct detection: experiments search for DM collisions with nuclei

DM+ N — DM+ N + e,~

No clear signal, only bounds on cross sections and masses of
WIMPS

@ Indirect detection: annihilation of DM in the Galactic halo via
DM + DM — SM + SM, SM=e,u,7,W,q,b,t,H

and detection of the SM particle final decay products
eia p7 pv V.



Recent measurements of e and (et + e~ ) CR spectra

Breakthrough in cosmic antimatter searches

@ PAMELA, steep rise of positron fraction e* /(e + e™) above 10
GeV compared to the predicted background (confirm HEAT,
AMS)

@ PAMELA, no excess in antiproton flux

@ ATIC, PPB-BETS, spectral feature in the (e + e~) energy
spectrum just below 1 TeV (to be checked by FERMI)

@ HESS, exponential fall off of the (et + e~) energy spectrum
above 1 TeV

@ No excess in photon fluxes (EGRET excess dead?)



Possible explanations of the excess

Possible new electron/positron sources

Is this unexpected astrophysics of the signal of NP, perhaps the first
non-gravitational signal of DM?

@ Astrophysics: young nearby pulsar(s)
@ DM annihilation
@ DM decays

Any calculation of e* (or p) flux f(t, X, E) = dNe+/dE in our galaxy
suffers from
@ uncertainties in the initial conditions

@ energy losses due to the propagation in the galactic magnetic
field and particle background



Possible explanations of the excess

Strong evidence for new e* sources

et excess must be a local effect, propagation effects included
Astrophysical uncertainties are large (DM halo profile, substructure?)
Boost factors must be of order Bg ~ 1
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Possible explanations of the excess
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DM annihilations

DM annihilations

We calculated all possible DM annihilation channels
DM + DM — SM + SM, SM=e,u,r,W,Z q,b,t H,

their subsequent fragmentation to stable particles and propagation in
the galaxy. For example,

DM with M = 150 GeV that annihilatesinto W*W~
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DM annihilation:

More DM annihilation exsamples

Positron fraction

Positron fraction

Possible explanations of the excess
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DM withM = 10 TeV that annihilatesinto W"W~
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Possible explanations of the excess
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DM annihilations

Complete fit to the existing data
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Possible explanations of the excess
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DM annihilations

Required boost factors are too large to be explained by DM local clumps

The annihilation cross section must be factor of B, larger than the
typical ov = 3 10~26cm?/sec suggested by the thermal relict DM.
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DM annihilations

Possible explanations of the excess
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The "boost factor” can be due to the Sommerfeld effect

At low v the annihilation cross section may be enhanced by 1/v
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DM annihilations

Possible explanations of the excess
0000000

Constraints from ~ rays are stringent (arXiv:0811.3744)

In the case of DM annihilations Qe ~ p? is very constraining: 1)
modified DM halo; 2) Large boost factors (local DM density high)

DM DM - e'e", ispthermal profile

DM DM — 44, isothermal profile

DM DM - 7", isothermal profile
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Possible explanations of the excess
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DM annihilations

Implications for DM properties

Already at qualitative level PAMELA data implies that DM must have
very unusual properties

@ No annihilation to gauge or Higgs bosons as those always decay
to antiprotons

@ DM must interact predominantly with the SM leptons

@ Combining PAMELA and balloon data fixes the DM mass

@ Thermal DM requires new interactions for Sommerfeld
enhancement and specific DM distribution in the halo

@ Non-thermal DM generation seems to be less constrained



Possible explanations of the excess
.

DM decays

Side remark: the DM decay scenarios are less constrained

Explaining the e excess with DM decays solves several problems
mainly due to Qs ~ p

@ No need for extreme boost factors and new light gauge bosons
@ No constraints from the ~ ray observations on the DM halo profile
@ No constraints on the DM lifetime



Conclusions and outlook

Conclusions

@ There is strong evidence that there exists a new source of very
energetic e* nearby Earth

@ Young pulsars should qualitatively produce exactly the
observational data

@ Interpretation of the PAMELA, ATIC, HESS etc data as due to
DM annihilations implies that DM must couple predominantly to
the SM leptons and have quite unusual properties

@ This disfavours most of the popular theories like SUSY, extra
dimensions etc.

@ The DM particle mass is probably too high for direct discovery at
LHC

@ Annihilation scenario constrained by non-observation of GeV
photons: requires modified DM halo profile and large boost
factors
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