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RECENT  RESULTS  
FROM  AMS 



 The AMS collaboration published two new important results on 
the 18th of September 
 

 New results on the physics of electrons and positrons 
 Positron fraction 

 Phys. Rev. Lett. 113, 121101 (2014)  
 Electron flux 

 Phys. Rev. Lett. 113, 1211012 (2014)  
 Positron flux 

 Phys. Rev. Lett. 113, 121102 (2014)  
 Combined (e- + e+) flux 

 Preliminary results, submitted to  
Phys. Rev. Lett. 

 
 
 

INTRODUCTION 
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 Charged cosmic rays 
 99% nucleons 

 89% protons, 10% helium,  
1% heavier nuclei 

 Electrons 1%, positrons 0,1% 
 
 

 
 Cosmic rays with E<1016 eV come from our 

Galaxy 
 Accelerated in supernova remnants 
 Produce naturally a power law for the flux 

 φ ∝ Eγ      γ = -2.7 to -3.5 (spectral index) 
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COSMIC  RAYS 



 Primary cosmic rays 
 Produced direcly in the source 
 Known sources (for E<1016 ): supernova remnants 
 Primaries include 

 Electrons, protons, helium, carbon, … 
 Secondary cosmic rays 

 Originate from the interaction of primaries on interstellar medium 
 Secondaries include 

 Positrons, antiprotons, bore, …  
 Additional sources of electrons and positrons? 
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COSMIC  RAYS 
 Additional sources ? 

 
 From particle physics: dark matter 

 
 
 
 
 
 From astrophysics: pulsars 
 
 AMS is bringing essential 
information to answer these questions 

 
 



 A particle detector in space 
 Detect charged particles and gamma rays 
 From 100 MeV to a few TeV 

 
 
 
 
 
 
 
 

 280 physicists 
 
 

 

AMS-02 
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5m x 4m x 3m 
7.5 tons 



 Launch from Cap Canaveral on the 16th of May 2011 
 

AMS-02 
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 Installation on the ISS on the 19th of May 2011 
 Orbit at 400 km altitude 
 One orbit every 90 minutes 

 
 

 
 
 
 
 

 
 Detect the cosmic rays before they interact in the atmosphere 
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AMS-02 



 Acquisition rate from 200 to 2000 Hz 
 

 Continuous operation 7d/7 24h/24 
 

 Acquisition 
 ~40 millions events a day 
 ~100 GB transferred every day 
 35 TB of data every year 
 200 TB of reconstructed data every 

year 
 

FLIGHT OPERATION 
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 54 billions of events recorded since May 2011 (40 months) 
 Much more than all the cosmic rays collected in the last 100 years 

 
 Will operate at least until 2020 

 Analyses presented here up to November 2013 

 



DETECTOR 
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 Minimal material before 

ECAL 
 0.65 X0 

 
 Alignment of the tracker 

planes (temperature 
variations) performed with 
cosmic rays 
 3-4 µm precision 
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DETECTOR 

A 369 GeV positron event 



 Challenge 
 100 times more protons than 

electrons 
 2000 times more protons than 

positrons 
⇒ Need to divide number of 
protons by 106 

 
 Key detectors for this measurement 

 TRD 
 Tracker 

 E/p close to 1 for 
electrons/positrons 

 ECAL 
 Based on 3D shower shape 
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50 – 100 GeV 

LEPTON  IDENTIFICATION 
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LEPTON  IDENTIFICATION 
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 Performance on proton rejection for TRD and ECAL 
 

 

Energy (GeV) 
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Phys. Rev. Lett. 113, 121101 (2014)  



 Positron fraction 
 
 
 

 Positrons: expected only as secondary 
 Positron excess with respect to the secondary prediction = 

source of primary positrons 
 

 Energy range from 0.5 GeV to 500 GeV based on 10.9 million 
positron and electron events 

• Extends the energy range of our previous observation and 
increases its precision 

 
 

 

POSITRON  FRACTION 
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 Counting leptons after selection with a fit 
 Z > 0 : counting positrons 

 
 
 
 
 
 
 
 
 
 
 

 Z < 0 : counting electrons 
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POSITRON  FRACTION 



 Systematics 
 Acceptance assymmetry 

 Negligible above 3 GeV 
 Selection dependence 

 Analysis repeated 1000 times for each energy bin with different 
selection 

 Absolute energy scale  
 5% at 0.5 GeV, 2% for 10-290 GeV, 3% at 500 GeV 

 Bin-to-bin migration 
 Negligible contribution 

 Reference spectra 
 Charge confusion 

POSITRON  FRACTION 
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CHARGE  CONFUSION 
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 For some energy range, difficulty to 

measure the sign of the charge ⇒ 
confusion 
 
 

 Two sources 
 Finite resolution of the tracker and 

multiple scattering 
 Production of secondary tracks 

along the path of the primary track 



 Result for the positron fraction below 35 GeV 
 Fraction begins to increase above 10 GeV 
 Incompatible with secondary positrons only 

POSITRON  FRACTION 
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 Fraction at high energy 
 
 
 
 
 
 
 

 No sharp structure 
 Fit of the slope 

 Cease to increase at 275 ± 32 GeV 
 With the current sensitivity, the flux is isotropic 
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POSITRON  FRACTION 

Energy (GeV) 

275 GeV 



 In the near future, AMS will extend its energy range, and will 
be able to discriminate between the dark matter and pulsar 
hypotheses 
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POSITRON  FRACTION 

10 years of AMS data 

Energy (GeV) 
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Phys. Rev. Lett. 113, 121102 (2014)  



 Obtaining the flux via 
 
 

 N number of positrons or electrons 
 A acceptance 
 εTrig and εsel  trigger and selection efficiencies 
 T exposure time 
 dE energy bin size 

 

 
 
 
 
 
 
 

 

FLUX  MEASUREMENT 
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Flux multiplied by E3 Linear scale Log scale up to 200 GeV 

FLUX  MEASUREMENT 



 The electron and positron fluxes are different in their 
magnitude and energy dependence 
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FLUX  MEASUREMENT 
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FLUX  MEASUREMENT 
 Calculation of the spectral indices 

 
 

 Observations 
 Both spectra cannot be described 

by single power laws 
 The spectral indices of electrons   

and positrons are different 
 Change of behavior at ~30 GeV 

 
 Lower energy limit for single power 

law distribution description 
 Positrons: 27.2 GeV 
 Electrons: 52.3 GeV 
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Preliminary, submitted to Phys. Rev. Lett. 



 This measurement 
 Independent from charge sign measurement = no charge confusion 
 High selection efficiency (70% at 1 TeV) 

 

COMBINED  FLUX 
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 Calculation of the spectral index   φ(e+ + e-) = C Eγ  
 
 
 
 
 
 

 The flux is consistent with a single power law above 30 GeV 
  γ = -3.170 ± 0.008 (stat + syst) ± 0.008 (energy scale) 
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COMBINED  FLUX 
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 Fit of the AMS data using a minimal model 
 Positrons 

 Secondary production 
 + source 

 
 Electrons 

 Primary and secondary  
production 
 + same source 

 
 Simultaneous fit to  

 Positron fraction from 2 GeV 
 Combined flux from 2 GeV 

MINIMAL  MODEL 
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Prediction from the fits 

MINIMAL  MODEL 
Result from the fits 

Positron fraction Combined flux 

Electron flux Positron flux 

Fits are satisfactory, which shows that the data can be described by a common e+/e- 
source 



 The AMS experiment operates since May 2011 and recorded 54 
billions of events 
 All the subdetectors are working nominally  

 Measurement of the positron fraction 
 A source of positrons (and electrons) is needed 
 Fraction does no longer exhibit an increase with energy 

 Measurement of the positron and electron fluxes 
 Provides important information on the origins of cosmic-ray 

electrons and positrons 
 Measurement of the combined flux 

 Smooth and following a power law spectrum above 30 GeV 
 AMS is expected to run at least until 2020 
 Many important measurements are yet to come 

 Protons, helium, antiprotons, B/C, antimatter, etc. 
 

CONCLUSIONS 
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 Rayons cosmiques chargés : propagation équivalente à une 
diffusion dans le milieu galactique 
 Champ magnétique irrégulier du halo diffusif = marche au hasard 
 Coefficient de diffusion K(E) = K0βRδ  (R=p/Z) 

 Paramètres libres : K0, δ, L, Vc, Va  

 Les incertitudes sur ces paramètres sont transcrits en trois jeux de 
paramètrisations  
 Min, Med, Max 

 
 

hz=200 pc, L=1-15 kpc, R=25 kpc 

PROPAGATION 



COSMIC  RAYS 
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Extra-galactique Galactique 

hz=200 pc, L=1-15 kpc, R=25 kpc 

K(E) = K0βRδ  (R=p/Z) 
Free parameters :  
K0, δ, L, Vc, Va  



COLLABORATION 
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TRANSMISSION 
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TEMPERATURES 
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