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The physics of AMS on the Space Station:
Study of Charged Cosmic Rays

Charged cosmic rays
are absorbed by the
100 km of Earth’s atmosphere
(10m of water).

To measure their
charge and momentum
requires
a magnetic spectrometer
in space.



AMS: an International Collaboration

15 Countries, 42 Institutes and over 600 Physicists
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AMS is a space version of a precision detector used in accelerators.

Transition Radiation Particles and nuclei are defined Time of Flight

Detector (TRD) by their charge (Z) and energy (E ~ P) Detector (TOF)

Ring Ima mg
Cherenkov?RI H) )

Electromagnetic e
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are measured independently by the
Tracker, RICH, TOF and ECAL
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"~ In 8 years,
NG over 140 billion

Lo charged cosmic rays
® have been measured byﬁMS



~ The Origins of Cosmic Positrons and Electrons
. Dark Matte/ Electrons *

 Interstellar Medium

‘ ‘// | Protons, e

Dark Matter Helium, ...

from Dark Matter

o
| from Pulsars
“ New Astrophysucal Sources
(Pulsars, ...)



Electron Spectrum

Electron and Positron spectra before AMS

Positron Spectrum
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Positrons Measurement in AMS

* Tracker and Magnet Measures the sign and
magnitude of the positron and electron to few TeV.

* Unique particle identification capability :
Independent Momentum and Energy measurement
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* Identify electron charge confusion:
* Large angle scattering,
* Interaction with detector materials.
L1 to L9: 3m level arm; * Identified and measured from data using

single point resolution 10 pum; Charge confusion estimator Acc



Electrons and Positrons Identification

Fleece—Radiator

LRP 375 BK

proton separation power @ 90% e* efficiency

S
'5 L i ‘.]‘.].‘].. o i i P P
O bl ei i T T e i
g 100 e e | R
* ldentify e* from protons using T E . ea
transition radiation g 0 e
g 100« R
* Combine 20 layers proportional L0 Ll b Ce]
- - . 1O§ ; [ A A ; A A ; ; :::‘::4__70(y
tubes signal into TRD estimator Argp g il 0
- A ]?]
10 L [ET90%
* Reject protons with high efficiency = ¢
1 10 10° 10°

Momentum (GeV/c) 10



Electrons and Positrons Identification

« ECAL : 17 X,, TeV Precision 3D measurement
of the energy and shower development of
electrons and positrons.

« ECAL energy scale error: 2.5% at 1TeV

« Proton separation power > 104 : remove
majority of the proton backgrounds

Proton separation power @

90% e* efficiency

Proton Rejection
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TRD and ECAL are separated by the Magnet
They have independent particle identification: combined rejection > 1 in 10° 11



Positrons Measurement in AMS

* For each bin, number of e* are obtained from a fit to data sample in (Arrp — Acc) plane
* Precision determination of Signal and Background from Data
* Positron Signal are clearly identified in the signal region of Argp and Ac
* Proton : identified by TRD estimator Atgp
e Electron charge confusion measured from data using Charge confusion estimator Ac

Fit to Data, Positive Rigidity, 290 — 370 GeV
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In 6.5 Years: 1.9 million positrons, 28.1 million electrons 12



Latest AMS Results on Positrons and Electrons
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Latest measurement by AMS greatly improve the measurement accuracy and

extend the energy to uncharted region.
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PHYSICAL REVIEW LETTERS 122, 041102 (2019)

Editors' Suggestion

Towards Understanding the Origin of Cosmic-Ray Positrons
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Positron spectrum exhibits complex energy dependence



Distinctive properties of Positron Spectrum
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Distinctive properties of Positron Spectrum
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The Origin of Cosmic-Ray Positrons

These distinct behavior can not be explained by traditional cosmic ray models.
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The positron flux by far exceeds the prediction from collision of cosmic rays,
requiring a primary source of e* 17



The positron flux is the sum of two components:
Low-energy from collisions plus a new source at high-energy
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The Origin of Positrons at low energy

At low energy, positron comes from collision of cosmic rays.
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The Origin of Positrons at high energy
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The Origin of Positrons at high energies

1) Particle origin: Dark Matter
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2) Possible Astrophysical Sources of Positron
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Precision measurements from AMS on Primaries, Secondaries, antiprotons, and
positron, electron anisotropy would distinguish different origins of cosmic-ray positrons ’s



AMS will extend the measurements beyond 1 TeV
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PHYSICAL REVIEW LETTERS 122, 101101 (2019)

Towards Understanding the Origin of Cosmic-Ray Electrons
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Electron have distinctly different magnitudes and energy dependences than positrons 5,4



Energy dependence of electron flux:

Fit to the electron data:
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Study of high energy cutoff in the electron flux

Contrary to 40 exponential cutoff at 8107330 GeV in the positron flux,

the electron flux does not show a cutoff below 1.9 TeV.
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The Origins of Cosmic Electrons ()

The contribution from cosmic ray collisions is negligible
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The Origins of Cosmic Electrons (ll)
The electron flux can be described by two power law functions:
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Origins of Cosmic Electrons and Positrons

The cosmic ray electrons originate from different sources than high energy positrons.
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Conclusion and Outlooks

« The positron flux exhibits distinctive energy dependence:
(a) a significant excess starting from 25.2+1.8 GeV
(b) a sharp drop-off above 284 GeV,

 These properties are not explained by ordinary CR models:
An primary source of high energy positrons.

« The positron flux is well described by the sum of a diffuse term and a new
source term with a finite energy cutoff at 810 GeV, with a significance of more
than 40.

"+ The electron flux exhibits a significant excess starting from 42.1*27GeV. ’

* The electron flux is well described by the sum of two power law component.
C High energy electrons originate from different sources than high energy
positrons

| © By continuing the measurement through the live time of the Space Station,
we will be able to improve the accuracy and extend to higher energy, and
determine the origin of high energy positrons and electrons.
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AMS Positron flux with earlier experiments
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AMS positron fraction together with earlier measurements
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AMS Electron flux with earlier experiments
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AMS (electron + positron) spectrum with earlier measurements
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HAWC rules out that the positron excess is from nearby pulsars
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S— Dark Matter

>— New Propagation Models

>— New Astrophysical Sources
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Consistency check:

Positron flux W|th proton rejectlon mcreased by x3
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Consistency check:

Positron flux with E/P selections
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The Origins of Cosmic Electrons (ll)

The existence of a high energy charge symmetric source term
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