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AMS is a space version of a precision magnetic spectrometer
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AMS is a unique magnetic spectrometer in space
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AMS is able to pick out 1 positron from 1,000,000 protons;

unambiguously separate positrons from electrons up to a trillion eV;
and accurately measure all cosmic rays to trillions of eV.

In 13 years, the detectors have performed flawlessly, collected more than
230 billion cosmic rays.




Calibration at CERN

with different particles at different energies
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AMS on ISS

AMS 2011-2025 AMS 2025-2030
New 8m? Silicon Tracker Layer
Contlnuous data-taklng Acceptance increased to 300%

Latest Results: 2011-2024 and Projections to 2030
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Energy and momentum measurements

» Nine layers in AMS tracker forms 3 m lever arm
» For particle with Z=1:
» Single point resolution is 10 pm

* The maximum detectable rigidity is 2 TeV
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Independent momentum (by tracker) and energy (by calorimeter)
measurements allows to distinguish e* from protons



Charge Identification

e Charge identification is based on Tracker and Magnet.
e Unique Feature of AMS: Use cosmic ray to verify detector performance beyond test
beam energies.
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Proton rejection

» ECAL and TRD provides independent proton rejection

» Combined proton rejection power at 90% signal efficiency is ~ 1 in 10°

e 90% ECAL efficiency
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Charge sign confusion

Charge sign confusion events are identified using BDT based Charge
confusion estimator. This estimator uses information from various detectors

(tracker, TOF, ECAL) and is efficient up to with the highest measured energy.
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Precision study of the properties of antiproton flux

AMS measurements show that p and p have identical rigidity dependence

Contradict with traditional cosmic ray model with only secondary p produced from collision of
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Antiproton-to-Proton flux ratio

p/p 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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A sample of recent papers on AMS antiproton data
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Measurements before AMS

Study of Positrons & Electrons
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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*p N s -
P+ (E) = =5 |Ca(B/Ex)' + C5(E/E;) " exp(~ E/E,)|
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Determination of the cutoff energy E;

£2 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
25 as predicted by dark matter models

e Current AMS data
e Projection to 2030
Dark Matter Model (Mass = 1.5 TeV)

including positrons from cosmic ray collisions
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A sample of recent theoretical models explaining AMS
positron and electron data (overall >3000 citations)
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AMS Publications on electrons and positrons
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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.

 AMS: 1.2 million Antiprotons
 AMS: 4.2 million Positrons
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By 2030, AMS will greatly improve the accuracy of the antiproton spectra

The identical behaviour of positrons and antiprotons

excludes the pulsar origin of positrons
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The contribution from cosmic ray collisions is negligible
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Origins of Cosmic Electrons
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AMS Result on the electron spectrum

The spectrum fits well with two power laws (a, b) and_
y)

E - —~
D ,-(E) = ﬁ(ca EYa + CLEY? 4+ Positron Source Term)
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By 2030, the charge-symmetric nature of the high energy source
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By simultaneous measurement of cosmic protons, electrons,
antiprotons, and positrons through the lifetime of the space station,

AMS will provide the definitive dataset to resolve the mystery of the
origin of elementary particles in cosmic rays.




Positron Anisotropy and Dark Matter

North-South

et West diret::tion . . Astrophys:ical poir.lt sources will
direction direction imprint a higher anisotropy on the
N IURPPTIL arrival directions of energetic
positrons than a smooth dark matter
halo.

Presented by M. Molero

electrons

120
Events/pixel

17



Fits of the data to
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