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Multiple methods to search tfor dark matter...
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The search for dark matter in cosmic rays

Dark matter ann hllatlolhﬂcan produce SM
matter and anﬁmatter cosmlc rays
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The search for dark matter in cosmic rays

Dark matter annlhllatlon can produce SM
matter and ant'imatter cosmrc rays

The same processes are also orlgln
standard astrophysmal proce
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The search for dark matter in cosmic rays
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et/ p are sensitive
probes for dark matter
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The AMS-02 detector on the ISS

100 billion events
collected 08/05/2017

 Indirect search for Dark Matter (e*-, anti-p,....)
« Search for primordial antimatter (anti-He)

 CR composition and energetics (of H, He, Li, B, C, ...)
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AMS-02: A TeV precision magnetic spectrometer

TRD Particles and nuclei TOF
are defined

by their charge (£)

and energy (E ~ P)
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are measured independently by the ] ==
Tracker, RICH, TOF and ECAL TR e
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Part 1: Antiproton / proton ratio

Antiproton /
poroton ratio



Antiproton identification at intermediate rigidity

5.4<|R|<6.5 GV Events
10°

RICH velocity

Q x TRD estimator
-25 -2 -15 -1 -05 0 05 1 15 2 25
—> p signal is well separated from the backgrounds.
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Antiproton identification at high rigidity

R<O 175 <|R|< 211 GV

Events

—> Advanced techniques allow to explore high energies.
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Antiproton/proton ratio - results

M. Aguilar et al., Phys. Rev. Lett. 117 (2016) 091103.
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The fitted value of the slope
Above 60.3 GV: k=(-0.7£0.9) x 107 GV-1
Is consistent with zero.
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Part 2:

—lectron / positron fluxes

Electron /
positron fluxes



Electron / positron identitication
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A sample of et/ e-
candidates is prepared
utilizing the
redundancy of the
AMS-02 detector.

Finally 2D reference
spectra for the signal
and the background
are fitted to data after
an efficient ECAL
selection to remove the
majority of protons.

—> Extract counts.
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Electron / positron flux with 5 years data
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AMS-02 et/ p* /e [ p results combined

10—
- Unexpected: The Spectra of Protons and Antiprotons:
— _ If p are secondaries, their rigidity dependence should be different than p:
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AMS-02 et/ p* /e [ p results combined

Unexpected: The Spectra of Electrons and Positrons:
—_— e- and e+ have very different rigidity dependence despitethe — 10
~ 10 | factthat they lose energy equally in the galactic magnetic field. _
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AMS-02 et/ p* /e [ p results combined
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Part 3: Interpretation

INnterpretation
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.
>

Collision of Cosmic Rays with the Interstellar Media
produce e+ ... and this is indeed true at low energies.
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Positron flux - dark matter model
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Positron fraction - extrapolation to 2024

AMS 2024 Pulsars

Positron Fraction

—
Q
N
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Antiproton/proton ratio - dark matter model
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[ Dark Matter Model example: Donato et al., Phys. Rev. Lett. 102, 071301 ( 2009 ).
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K. Kohri, K. loka, Y. Fujita, and R. Yamazaki, Prog. Theor. Exp. Phys. 2016, 021E01 (2016).

. Astrophysics Model examples: P. Mertsch and S. Sarkar, Phys. Rev. D 90, 061301 (2014); Momentu m [GeV]
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The excess of antiprotons observed by AMS
cannot come from pulsars.

It can be explained by Dark Matter
or by new astrophysics phenomena.
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Example of theoretical models for e+ / p-
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Example of theoretical models for e+ / p-
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1 AMS-02 will continue to

' measure until the end of the
ISS lifetime, to help

= resolving the mysteries!
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