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Multiple methods to search for dark matter…
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The search for dark matter in cosmic rays

AMS

Dark matter annihilation can produce SM 
matter and antimatter cosmic rays.
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The search for dark matter in cosmic rays

AMS

Dark matter annihilation can produce SM 
matter and antimatter cosmic rays.

The same processes are also originated by 
standard astrophysical processes.

SNRp, He, C, …, e-

p + p → π ± + x
π ± → μ ± → e ± 

ISM

e+, p, γ
e-, p, γ

χ
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e+ / p are sensitive
probes for dark matter

The search for dark matter in cosmic rays

Energy / GeV Energy / GeV



Nikolas Zimmermann - RWTH Aachen - EPS HEP 2017 - 07.07.2017                                                                         Slide                                                             6

The AMS-02 detector on the ISS
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AMS-02: A TeV precision magnetic spectrometer
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Part 1: Antiproton / proton ratio

Antiproton / 
proton ratio
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Antiproton identification at intermediate rigidity
5.4<|R|<6.5 GV
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Q x TRD estimator

—> p signal is well separated from the backgrounds.
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Antiproton identification at high rigidity

            

p

e

p

175 <|R|< 211 GV

χ2/d.f. = 138/154

—> Advanced techniques allow to explore high energies.

TRD estimator

R < 0

TRD estimator CC estimator

CC estimator
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Antiproton/proton ratio - results
M. Aguilar et al., Phys. Rev. Lett. 117 (2016) 091103.

The fitted value of the slope
k = (-0.7 ± 0.9) x 10-7 GV-1

is consistent with zero.
Above 60.3 GV:
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Part 2: Electron / positron fluxes

Electron / 
positron fluxes
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Electron / positron identification

A sample of e+ / 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.

Q x TRD Estimator
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16,500,000 
Electrons

1,080,000 
Positrons

AMS 2016 
17,600,000 e±

Electron / positron flux with 5 years data

Preliminary Data. 
Please refer to the AMS 

forthcoming publication in PRL
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AMS-02  e+ / p+ / e- / p- results combined

Unexpected: The Spectra of Protons and Antiprotons:
If p are secondaries, their rigidity dependence should be different than p:

Unexpectedly p and p have the same rigidity dependence.



Nikolas Zimmermann - RWTH Aachen - EPS HEP 2017 - 07.07.2017                                                                         Slide                                                             16

AMS-02  e+ / p+ / e- / p- results combined
Unexpected: The Spectra of Electrons and Positrons:  

e- and e+ have very different rigidity dependence despite the 
fact that they lose energy equally in the galactic magnetic field.
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AMS-02  e+ / p+ / e- / p- results combined
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Part 3: Interpretation

Interpretation
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Positron flux - results

Preliminary Data. 
Please refer to the AMS 

forthcoming publication in PRL

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

Preliminary Data. 
Please refer to the AMS 

forthcoming publication in PRL

DM model based on 
J. Kopp, Phys. Rev. D 88 (2013) 076013
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Positron fraction - extrapolation to 2024

Energy / GeV
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Antiproton/proton ratio - dark matter model

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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From Dark Matter

From 
Astrophysical 
Sources

From Secondary 
Production

AMS-02 will continue to 
measure until the end of the 

ISS lifetime, to help 
resolving the mysteries!


