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AMS-02: Alpha Magnetic Spectrometer
Launch MAY 2011

Construction 1999-2010

Dimensions 3 Ἁ4 Ἁ5 m³

Weight 8.5 t

Power 2500 W

AMS will take data at least through 2030

International Space Station

AMS-02 measures charged cosmic rays  in the rigidity 
window from 1 GV to several TV



AMS: A T eV -Pr ecision Spectr ometer in Space

TRD: Identif y e+, e-, Z

Silic on Track er: Z, P

ECAL: E of e+, e-

RICH: Z, E

TOF: Z, E

Z and P (or E)
are measured independently by the Tracker, RICH, TOF, and ECAL

Magnet : ± Z

Particles and nuclei are defined by their charge (Z) and energy (E) or momentum (P). Rigidity R = P/Z
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AMS тNuclei identification
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Q. Yan et al., Nucl. Phys. A 996 (2020) 121712.

AMS has made nuclei Interaction cross-section measurements (N+C) in a wide rigidity range 
from a few GV to TV allowing for the precise control of the flux normalization.

About Flux Normalizat ion: the Nuclear Cross Sect ions

Nuclear inelastic interactions (nuclei over C, Al, Si) are in general not well known, and are important for accurate 
measurement of CRs and to understand the differences between different experimental measurements.

Define άbeamέ
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Cosmic rays are commonly modeled as a relativistic gas diffusing into a magnetized plasma.

Basic characteristics of this models are understood studying the secondary/primary ratios.

Galactic Disk
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While cosmic ray primaries are mostly produced at astrophysical sources (ex. e-, p, He, C, O, é), 

secondaries (ex. Li, Be, B, é) are mostly produced by the collision of cosmic rays with the ISM.

Secondary Cosmic Rays 20
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M. Aguilar et al., Phys. Rep. 894 (2021) 1-116.
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Fluxes of  Primaries and Secondaries w ith 

All light nuclei fluxes deviate from single power law above 200 GV.
Secondary hardening is stronger.

This favors the hypothesis that the flux hardening is a universal propagation effect.

AMS
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Hydrogen and  Helium  ISOTOPES

Helium nuclei are the second most abundant 
nuclei in cosmic rays.

D and 3He are mostly produced by the 
fragmentation of 4He:
simpler comparison with propagation models 
wrt heavy nuclei

Smaller cross section of He: 
 D/4He and 3He/4He probe the properties of 
diffusion at larger distances 

4He
D

p

p

p

Different A/Z ratios of  D and 3He allow to disentangle kinetic energy and 
rigidity dependence of propagation.
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ω AMS is composed by different sub-detectors for
 the redundant ID of the elements in CR

Å The Mass is identified from the concurrent 
measurement of Rigidity, Velocity and Charge

ω Mass resolution not good enough for 
event-by-event isotope ID -> Fit of distribution

TOF ůɓ/ɓ ~ 3%0.2 < Ek< 1.1 GeV/n

RICH NaF ůɓ/ɓ ~ 0.3%0.7 < Ek < 3.7 GeV/n

RICH Agl ůɓ/ɓ ~ 0.1%2.6 < Ek< 8.9

GeV/n

L. ToF

U. ToF

TRD

Tracker

RICH

ECAL

Tracker L1

Tracker L9

Light isotope measurements
with AMS02 
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3He/4He and D/4He Flux Ratios

Unexpectedly, the D/4He flux ratio spectral index is different from that observed 

for the 3He/4He flux ratio. 

Fits to Rȹ for R > 4.5 GV
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D/p Flux Ratio 
D/p flux ratio is increasing with rigidity and flattens out at high rigidities.

This shows that the D and p fluxes have a nearly identical rigidity dependence 

between 13  and 21 GV

Fit with constant

Fit with a power law
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Deuteron as Primary and Secondary like components

D

p

+́

e+

To find the primary-like and secondary-like contributions in the D flux we have fitted the D flux as 

weighted linear combination of primary flux , 4He and  secondary flux, 3He above 4.5 GV. 
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The secondary Be -decays ( 	Be 	B + + Ů)	

with a half-life of t1/2 = 1.4 My. 

Differently from spallation production, happening only on 

the galactic disk, Be may decay anywhere.

Therefore, the amount of Be (and B) with respect to 

other secondaries, depends to the galactic halo size.
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C. Evoli et al., Phys. Rev. D 101 (2020) 023013.

Unstable Secondary Cosmic Rays 26

P. Zuccon - SUGAR24 19



P. Zuccon - SUGAR24 20


