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Alpha Magnetic SpectrometerAlpha Magnetic Spectrometer
on the International Space Station since May 2011on the International Space Station since May 2011

Over 180 billion charged particles have been measured
2



AMS  Particle DetectorAMS  Particle Detector
(+)     (-) Transition Radiation Detector

•  e+ e- identification

Time-of-Flight counter
• Trigger
• Velocity 

• Charge 
• Particle flight direction

Silicon Tracker + Magnet
• Rigidity 

• Charge & sign 

Ring Imaging Cherenkov detector
• Velocity 
• Charge 

Electromagnetic Calorimeter
• e+ e- identification

• e+ e- Energy 3



AMS  Nuclei “Periodic Table”AMS  Nuclei “Periodic Table”
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AMS Period of ObservationAMS Period of Observation

Maximum of solar cycle 24
~Apr 2014

Sun magnetic field polarity reversal
Nov 2012 - Mar 2014

AMS will continue through  the lifetime of the ISS 

Monthly mean 
Sunspot Number

A<0 A>0

5



Previous Measurements: Monthly p and He FluxesPrevious Measurements: Monthly p and He Fluxes

Proton

Helium

PRL 121, 051101 (2018)
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Monthly Fluxes: Monthly Fluxes: pp (May 2011 - Nov 2019) (May 2011 - Nov 2019)
Preliminary data,  refer to upcoming AMS publication
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Monthly Fluxes: Monthly Fluxes: pp,,  HeHe (May 2011 - Nov 2019) (May 2011 - Nov 2019)
Preliminary data,  refer to upcoming AMS publication
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Monthly Fluxes: Monthly Fluxes: pp,,  HeHe,,  CC (May 2011 - Nov 2019) (May 2011 - Nov 2019)
Preliminary data,  refer to upcoming AMS publication



Monthly Fluxes: Monthly Fluxes: pp,,  HeHe,,  CC,,  O (May 2011 - Nov 2019)O (May 2011 - Nov 2019)
Preliminary data,  refer to upcoming AMS publication
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Monthly Flux Ratio: Monthly Flux Ratio: C/OC/O

11

Preliminary data,  refer to upcoming AMS publication



Monthly Flux Ratios:Monthly Flux Ratios: He/(C+O)  He/(C+O) & p/(C+O)& p/(C+O)
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Preliminary data,  refer to upcoming AMS publication
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Primary and Secondary Cosmic RaysPrimary and Secondary Cosmic Rays

Precise measurements of primaries and secondary elemental fluxes by AMS
give important information to understand the origin and the propagation of Cosmic Rays 

Galactic Disk

ISS

G
alacti

c H
al o

Primary (p, 4He,C,O, ...)

Secondary (D, 3He, Li, Be, B, …)
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3He4He
3He/4He

  4-Month Fluxes 4-Month Fluxes 33HeHe and  and 44He  (May2011-Nov2017)He  (May2011-Nov2017)

PRL 123, 181102 (2019)
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  33HeHe and  and 44He Ratios versus RigidityHe Ratios versus Rigidity

PRL 123, 181102 (2019)

The time-averaged isotops ratio flux ratio as function of rigidity [2.1-15GV]

Δ=-0.294 ± 0.004  
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Daily Proton Fluxes: May 20, 2011 - Oct 29, 2019Daily Proton Fluxes: May 20, 2011 - Oct 29, 2019
Accepted for publication in PRL
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Daily Proton Fluxes: May 20, 2011 - Oct 29, 2019Daily Proton Fluxes: May 20, 2011 - Oct 29, 2019
Accepted for publication in PRL

17



Recurrent Flux VariationsRecurrent Flux Variations
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Recurrent Flux Variations Daily Proton FluxesRecurrent Flux Variations Daily Proton Fluxes

Accepted for publication in PRL
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Daily Proton Fluxes: Wavelet AnalysisDaily Proton Fluxes: Wavelet Analysis

Accepted for publication in PRL
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Daily Proton Fluxes: Normalized PowerDaily Proton Fluxes: Normalized Power
Accepted for publication in PRL
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Daily Helium Fluxes: May 20, 2011 - Oct 29, 2019Daily Helium Fluxes: May 20, 2011 - Oct 29, 2019

2011

2012
2013

2014

2015

2016

2017

2018

2019

2011

2012

2013

2014

2015

2016

2017

2018

2019

Preliminary data,  refer to upcoming AMS publication
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Daily Helium Fluxes Relative VariationDaily Helium Fluxes Relative Variation

Preliminary data,  refer to upcoming AMS publication
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Daily Helium Fluxes Relative VariationDaily Helium Fluxes Relative Variation

Preliminary data,  refer to upcoming AMS publication
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Daily Helium Fluxes Relative VariationDaily Helium Fluxes Relative Variation

Preliminary data,  refer to upcoming AMS publication
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Daily Helium Fluxes Relative VariationDaily Helium Fluxes Relative Variation

Preliminary data,  refer to upcoming AMS publication
26



Daily Helium Fluxes Relative VariationDaily Helium Fluxes Relative Variation

Preliminary data,  refer to upcoming AMS publication
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Daily Helium Fluxes Relative VariationDaily Helium Fluxes Relative Variation

Preliminary data,  refer to upcoming AMS publication
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Daily Helium Fluxes Relative VariationDaily Helium Fluxes Relative Variation

Preliminary data,  refer to upcoming AMS publication

Jun 
2012
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Daily Helium Fluxes Relative VariationDaily Helium Fluxes Relative Variation

Preliminary data,  refer to upcoming AMS publication

Jun 
2012 May 

2013
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Daily Helium Fluxes Relative VariationDaily Helium Fluxes Relative Variation

Preliminary data,  refer to upcoming AMS publication

Jun 
2012 May 

2013

Jan
2015
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Daily Helium Fluxes Relative VariationDaily Helium Fluxes Relative Variation

Preliminary data,  refer to upcoming AMS publication

Jun 
2012 May 

2013

Sep
2017

Jan
2015
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Helium Forbush DecreasesHelium Forbush Decreases

FD

Preliminary data,  refer to upcoming AMS publication

Over 100 Forbush decrease events were observed.  
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Daily Helium PeriodicitiesDaily Helium Periodicities

27 days

Preliminary data,  refer to upcoming AMS publication
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Helium Solar Energetic ParticlesHelium Solar Energetic Particles
Sep 11, 2017Sep 11, 2017

September 11, 2017
SEP day

September 10, 2017
Day before the solar event

 Daily Helium Data

Preliminary data,  refer to upcoming AMS publication
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AMS Proton SEP ListAMS Proton SEP List
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Daily Helium and Daily Helium and ProtonProton Flux Comparison  Flux Comparison 

Preliminary data,  refer to upcoming AMS publication
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Daily Daily p/Hep/He Flux Ratio Flux Ratio

Preliminary data,  refer to upcoming AMS publication
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Daily Daily p/Hep/He Flux Ratio Flux Ratio

Preliminary data,  refer to upcoming AMS publication
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Daily Daily p/Hep/He Flux Ratio Flux Ratio

Preliminary data,  refer to upcoming AMS publication
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Daily Daily p/Hep/He Flux Ratio Flux Ratio

Preliminary data,  refer to upcoming AMS publication
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Daily Daily p/Hep/He Flux Ratio Flux Ratio

Preliminary data,  refer to upcoming AMS publication
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Daily p/He Flux Ratio Daily p/He Flux Ratio 
Anti-correlation with the Absolute FluxAnti-correlation with the Absolute Flux

Preliminary data,  refer to upcoming AMS publication
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Propagation of GCR in Heliosphere - Parker EquationPropagation of GCR in Heliosphere - Parker Equation
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Hypotheses for p/He time dependent behaviorHypotheses for p/He time dependent behavior
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Hypotheses for p/He time dependent behaviorHypotheses for p/He time dependent behavior
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N. Tomassetti et al.,  PRL, 121, 251104 (2018)
C. Corti et al.  The Astrophysical Journal, 871:253 (2019) 



Propagation of GCR in Heliosphere - Parker EquationPropagation of GCR in Heliosphere - Parker Equation
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Drift Effect of Opposite Charged ParticlesDrift Effect of Opposite Charged Particles
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Electron and Electron and PositronPositron Monthly Flux (May2011-May 2017)  Monthly Flux (May2011-May 2017) 
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AMS AMS Positron/ElectronPositron/Electron Flux Ratio (May2011-May 2017)  Flux Ratio (May2011-May 2017) 

Fit performed with a logistic function

PRL 121, 051102 (2018)
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Charge Sign Effects during Forbush DecreasesCharge Sign Effects during Forbush Decreases
Xi Luo’s (2018) numerical study of electron and proton Forbush decreases with time-dependent, 3D 
stochastic differential equation model , shows that if drift effects are important in the local 
environment at 1AU then during an A<0 epoch, the FD recovery time of 1 GV electrons is 
expected to be faster than 1 GV protons. The opposite is expected for A>0 epoch.
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AMS Daily Electron & Positron  FluxesAMS Daily Electron & Positron  Fluxes
Preliminary data,  refer to upcoming AMS publication

Daily Electron Fluxes 3-Days Positron Fluxes
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Electron, Electron, PositronPositron and  and ProtonProton  (A<0)(A<0)
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Electron, Electron, PositronPositron and  and Proton Proton Ratios Ratios (A<0)(A<0)
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Electron, Electron, PositronPositron and  and ProtonProton  (A>0)(A>0)
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Electron, Electron, PositronPositron and  and Proton Proton Ratios Ratios (A>0)(A>0)
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SummarySummary

During the fist 10 years of operation, AMS has performed multiple 
flux measurements of nuclei, isotops, electron and positron,
on different time scales.

Long- and short-time scale variations, due to the solar modulation effect, 
were observed in all particle species. 
SEP events were also detected.

AMS will continue taking data through the lifetime of the ISS.
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BackupBackup







Proton and Deuteron Fluxes (May2010-Jan2020) Proton and Deuteron Fluxes (May2010-Jan2020) 



  Deuteron over Proton Flux RatioDeuteron over Proton Flux Ratio
(May2010-Jan2020)  (May2010-Jan2020)  



  Deuteron over 4He Flux RatioDeuteron over 4He Flux Ratio
(May2010-Jan2020)  (May2010-Jan2020)  



AMS Electron Flux PeriodicityAMS Electron Flux Periodicity
Preliminary data,  refer to upcoming AMS publication
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