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The AMS-02 detector on the ISS

AMS Launch May 2011
Space Shuttle Endeavour

Mission STS-134
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To-date >200 billion cosmic. rays have been
measured by AMS: et, e, p, p, nuclei, y,...

Y. Jia, F. Donnini, Y. Chen, J. Wei, V. Formato,
F. Giovacchini, Z. Weng
Cosmic Ray session
@ TeVPA 2022
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AMS-02 detector

Transition Radiation Detector (TRD) Upper TOF measure Z, E
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Electron measurements with AMS-02

Silicon tracker and magnet distinguish
between e and e* up to a few TeV
using 9 layers over 3 m lever of arm
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Electron measurements with AMS-02

Electromagnetic Calorimeter (ECAL)
provides a precision 3D measurement
of energy and shower development
over 17X,
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Electron measurements with AMS-02
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Transition Radiation Detector (TRD)
separates e from protons using

transition radiation

measured in 20 layers of proportional

tubes.

Rigidity <0
370-500 GeV

e signal
. e* background
. p background
— fit

* 90% TRD efficiency
* 65% TRD efficiency

Momentum [GeV/c]
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Measurements of e*/- before AMS-02




Measurements of e*/- with AMS-02
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AMS measurement of cosmic ray positrons
CEY, E < E();

Fits of the datato @+ (F) = CEV(E/Ey)", E >E,.
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Origin of cosmic ray positrons

Low energy positrons mostly come from cosmic ray collisions
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Origin of cosmic ray positrons

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 E.

Sola%r Collisions New Source or Dark Matter

E - - s - .
@+ (E) = =5 |Ca(B/E1)" + C(E/E2) "exp(~E/E)| E=E+g,,
25

exponential cutoff E; = 887313 GeV established @ 4.50
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- Fit
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Origin of cosmic ray electrons

The contribution from cosmic ray collisions is negligible
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Origin of cosmic ray electrons
The electron flux description by two power law functions is disfavored:

e (E) = S(B)|Ca(E/Ea)" + Co(E/Ey)"|

Solar & Power
low-energy Power a b
law law
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e AMS electrons
PRL 122, 101101 (2019)
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Origin of cosmic ray electrons

+
Ya = ) 4 =~ <
@~ (E) = S(E)|Ca(B/Ea)™ + Co(E/Ep)"" + £, ¢S (E/E,)" exp(— E/ESD)]
Fit result f;=1.30 + 0.61
Electron spectrum favors the contribution of the positron-like source term (@95%C.L.)
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Comparison with other space and ground experiments

Phys.Rept. 894 (2021) 1-116, 7 years of data
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CALET and HESS results are in agreement with the AMS measurements
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Physics of cosmic ray positrons to 2030

AMS will provide the definitive answer on the nature of the excess
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Physics of cosmic ray electrons to 2030

Establish the existence of the charge symmetric source term at high energies at 4o CL
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Electron and Positron Anisotropies

North-South : . qy :
direction Astrophysical point sources will imprint

Forward-Backward a higher anisotropy on the arrival
direction directions of energetic positrons than a
smooth dark matter halo.

East-West .
direction = pulsar

120
Events/pixel Events/pixel

Currently at 95% C.L.: positrons: 6 < 0.0150

for 16<E<500 GeV electrons: 6 <0.0034
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Conclusions

Positron spectrum requires an additional source of high energy positrons, not
explained by ordinary CR collisions.

Electron spectrum shows complex behavior that can be best described by the
sum of two power law functions and the contribution of the positron-like source
term.

Significance of this observation is 20 at present. More data is needed to
establish the existence of charge-symmetric positron-like source term at highest
electron energies
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There is no other magnetic spectrometer in space
in the foreseeable future.

e e = - — -

By collecting data through the lifetime of ISS
AMS should be able to determine the
origin of the observed unexpected phenomena.
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