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AMS on the Space Station:

Provides precision, long-duration measurements of charged cosmic rays to study
the Origin of the Cosmic Rays, the physics of Dark Matter and Antimatter

Charged cosmic are absorbed by the 100 km of To measure cosmic ray charge and momentum
Earth’s atmosphere (10m of water). requires a magnetic spectrometer in space
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AMS is a space version of a precision detector used in accelerators
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Anticoincidence Counters (ACC)
reject partl‘cles from the S|de

Ring Imaging Cerenkov (RICH)
measure Z, E

Electromagnetic Calorimeter (ECAL)
measureE of et, e
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AMS on ISS
AMS 2011-2025 AMS 2025-2030
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Continuous data-taking New 4+4m? Silicon Tracker Planes

Acceptance increased to 300%

Latest Results: 2011-2023 Projections to 2030



Primary cosmic rays p, He, C, O, ..., S|, ..., Fe
are produced during the lifetime of stars and accelerated by supernovae.
Measurements of primary cosmic ray fluxes are fundamental to
‘ understa'-nding'.t,hgdqr;ig.in, acceleration, and-propagation processes.- -

Where light cosmic
8 antimatter (e*, p, D)
belongs to?

Fluorme 3 A ;
Secondary Li, Be, B, and F nuclei in cosmic féys are produced by the collision
of primary cosmic rays C, O, Ne, Mg, Si, ..., Fe with the interstellar medium.

Measurements of the secondary cosmic ray nuclei fluxes are important in
understanding the propagation of cosmic rays in the Galaxy.



Measurements of cosmic ray nuclei
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Primary and Secondary cosmic rays:
each has two distinct classes
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Even-Z nuclei and Odd-Z nuclei have

distinctly different
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and secondar
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Sodium P .S
(DNa=(DNa+(I)Na

= 0.04xDg; (I):a= 1.33xd,
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Study of nght Antlmatter cosmlc rays

Dark Matter / EIectrons Protons,

Da rk Matter -
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The p/p ratio is sensitive to new physics

F. Donato et al., PRL 102, 071301 (2009)
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Antiproton-to-Proton flux ratio

The antiproton-to-proton flux ratio shows unexpected energy dependence
Distinctly different from antiprotons from collision of cosmic rays
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New Development in Understanding Cosmic Ray Antiprotons

 Secondary Antiprotons from CR collisions
* Primary antiprotons from (Dark Matter)

Antiprotons from CR collisions
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Understanding Antiprotons with AMS Measurements

For the first time, the time dependence of 4 elementary (e+, e-, p, p, ..
are studied in detailed with the same experiment in a long duration
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The positron flux is the sum of low-energy part from cosmic ray collisions plus
a high-energy part from pulsars or dark matter both with a cutoff energy E..

E? _ _ s -
(pe+ (E) — ﬁ [Cd(E/El)Yd + CS(E/EZ)Y exp(— E/Es)]
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The existence of the finite cutoff energy (4.70) is a new and unexpected observation
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1/E, [TeV']

Determination of the cutoff energy E;

Collisions New Source or Dark Matter
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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
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Unique Observation from AMS:
Positron and Antiproton have nearly identical energy dependence
The positron-to-antiproton flux ratio is independent of energy.
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Example: Positron and Antiproton spectra compared with recent model

Model Example: “Explaining cosmic ray antimatter with secondaries from old supernova remnants”
P. Mertsch, A. Vittino, S. Sarkar, PRD 104 (2021) 103029
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Future Measurement of Antiproton and Positrons with AMS Upgrade
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AMS will significantly improve the measurement of the positrons and antiprotons

The identical behaviour of positrons and antiprotons disfavours the pulsar origin of positrons
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Origins of Cosmic Electrons

The contribution from cosmic ray collisions is negligible
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AMS Result on the electron spectrum

The spectrum fits well with two power laws (a, b) and _
y)
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By 2030, the charge-symmetric nature of the high energy source
will be established at the 40 level

New sources, like Dark Matter or Pulsars,
produce equal amounts of e+ and e-

. AMS e~ by 2030

1 10 100 1000 Energy [GeV]
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Antldeuterons in the Cosmos ) .'
Ant| deuterons have never been observed in space _:" % LA
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Antideuterons in the Cosmos

* Simultaneous measurement from AMS of p

and D will provide precise and consistent
information on their origin.
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Current Status with 11 Years of AMS Data: Antideuterons in 5.7<|R1<9.3 GV
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Future AMS upgrade will provide additional measurement point to antideuterons.

Improve analysis techniques, further MC study to better understand the background.
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Future Measurement of Antideuteron with AMS Upgrade
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AMS provide a unique opportunity to look for
antideuterons in the cosmos.
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AMS has recorded over 230 billion cosmic rays. Many interesting and unexpected observations
were made that require the development of a new comprehensive theory of cosmic rays.

AMS will continue to collect and analyze data for the lifetime of the Space Station.

More new and exciting: Mﬁs are expected.
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