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Transition Radiation Detector (TRD)
identify e+, e-

Silicon Tracker
measure Z, P

Electromagnetic Calorimeter (ECAL) 
measure E of e+, e-

Upper TOF  measure Z, E

Magnet identify ±Z, P

Ring Imaging Cerenkov (RICH)
measure Z, E

Lower TOF  measure Z, E

Anticoincidence Counters (ACC)
reject particles from the side

AMS is a space version of a precision detector used in accelerators
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New 8m2 Silicon Tracker Layer

Existing Tracker L1

AMS 2011-2025 AMS 2025-2030

Acceptance increased to 300%

Latest Results: 2011-2022

Continuous data-taking

Projections to 2030
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The origins of cosmic positrons

e± from 
collisions

Interstellar 
Medium

New Astrophysical Sources
(Pulsars, …)

Dark Matter

Dark Matter

p, e± from Dark Matter

Supernovae

e± from Pulsars

Electrons, Protons, 
Helium, …
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Towards understanding 
the origin of cosmic ray positrons

10.09.2023
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AMS
3.9 million 
positrons 

Preliminary data, refer to
upcoming AMS publication
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The Origin of Positrons
Low energy positrons mostly come from cosmic ray collisions

: 3.9M e+

10.09.2023

Preliminary data, refer to upcoming AMS publication



The positron flux is the sum of low-energy part from cosmic ray collisions plus a 
high-energy part from a new source or dark matter both with a cutoff energy ES.
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• AMS: 3.9x106 e+

Fit

The existence of the finite cutoff energy is a new and unexpected observation

-

10.09.2023

Preliminary data, refer to upcoming AMS publication
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At high energies positrons come from 
dark matter or new astrophysical sources with a cutoff energy Es. 
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The cutoff energy Es = 749+308 GeV is established with a confidence of more than 99.99%. –137

⦁ AMS positron source term
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9

By 2030, AMS will extend the energy range of the positron flux 
measurement from 1.4 to 2 TeV and reduce the error by a factor of 

two compared to current data

to 2030

Energy [GeV]

Preliminary data, refer to upcoming AMS publication
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Determination of the Origin of Cosmic Positrons by 2030
AMS will ensure that the measured high energy positron spectrum indeed drops off 

quickly and, at the  highest energies, the positrons only come from cosmic ray collisions 
as predicted by dark matter models

Positrons from 
Cosmic Ray Collisions

to 2030

Energy [GeV]

Preliminary data, refer to upcoming AMS publication
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Properties of Cosmic Antiprotons

12

For more details about relation between positron and 
antiproton fluxes see next talk by Zhicheng Tang
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• 1.1x106 p
• 3.9x106 e+

Energy [GeV]

The p and e+ fluxes have identical rigidity dependence.
p are not produced by pulsars.

Preliminary data, refer to upcoming AMS publication
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Astrophysical point sources will imprint a higher anisotropy on the arrival
directions of energetic positrons than a smooth dark matter halo.

Positron Anisotropy and Dark Matter

C1 is the dipole moment

Dipole anisotropy:

North-South
direction

East-West
direction

Forward-Backward
direction

Solar System

Pulsar

Data Expected
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Summary
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q Positron spectrum requires an additional source of high energy
positrons (e.g. DMmodels):
Ø can’t be explained by the ordinary cosmic ray collisions;
Ø has an exponential cutoff with Es=749 GeV;
Ø measurement to 2030 will enable us to determine the origin of
the behavior of positrons at high energies.

q Comparison of the antiproton and positron spectra shows strikingly
similar behavior of the two spectra above 60 GeV. This points to the
common source of high energy antiprotons and positrons and
disfavors pulsars as the origin of high energy positrons.

q By 2030, the positron statistics will allow us to measure the
anisotropy accurately to permit a separation between different
positrons origins.
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