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Production and  
acceleration: 

e-, p, He, C 

Propagation  and 
interaction : 

e+, 𝒑 , B… 

e- 

p 

Observation 

Primaries e- 

Primaries p 

p+H 
Secondaries e 

Primaries e  Unknown 
source 

Life of cosmic ray particles 

Injection power law 
𝚽 ∝ 𝑬−𝜸, 𝜸~𝟐 

Secondaries • Solar modulation 
• Geomagnetic field 
• Atmosphere 



Goals of AMS 
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• Measure cosmic rays in the space (ISS) 
– Indirect search of evidence of dark matter 

and primordial antimatter  
– Refinement of the propagation models 
– Indentification of astrophysical sources 

• Challenges for positron measurement: 
– Statistical precision at high energy 

– proton rejection power greater than 105  

– Good control of charge confusion 
88% 

10% 1% 0.1% 



DAQ Since May 2011 
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DAQ efficiency reaches 90%  
(South Atlantic Anomaly excluded) 

Trigger Rate (Hz) 

The trigger rates vary from 
200 to 2000 Hz per orbit 

More than 50 billion events have been 
collected in the past 3 years. 
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5-6 

Transition radiation detector 
Identify e+, e- 

Silicon tracker 
 Z, P 

EM calorimeter 
E of e+, e-, γ 

Ring Imaging Cherenkov 
Z, E 

Time of flight 
 Z, E, trigger 

 Magnet 0.14 T 
±Z 

Cosmic rays 

Overview of the AMS detector 



Proton Rejection 
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TRD 
@ 90% e+ efficiency 

Ecal estimator: Boosted Decision Tree 
using 3D shower features 

TRD estimator: likelihood based on the 
signal amplitude in each layer (20 in total) 

(Developped by L.Basara at LAPP) 



Positron number count 

7 Positrons  173-206 GeV 

TRD estimator fit 
Positron sample 

ECAL estimator fit 
Lepton sample 

 Number of leptons and positrons 
extracted from fitting data with 
electron and proton templates 

 Templates obtained from data 
 Electron and proton templates well 

separated using ECAL and TRD 
estimators 

Z.WENG and V.Vagelli @ ICHEP 2014 

protons 

leptons 

positrons 
protons 

https://indico.ific.uv.es/indico/getFile.py/access?contribId=673&sessionId=28&resId=0&materialId=slides&confId=2025
https://indico.ific.uv.es/indico/getFile.py/access?contribId=673&sessionId=28&resId=0&materialId=slides&confId=2025
https://indico.ific.uv.es/indico/getFile.py/access?contribId=673&sessionId=28&resId=0&materialId=slides&confId=2025
https://indico.ific.uv.es/indico/getFile.py/access?contribId=673&sessionId=28&resId=0&materialId=slides&confId=2025


Charge Confusion 
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Estimator (BDT) developped using tracker information 
• Other estimators such as EnergyECAL/MomentumTracker  

Charge confusion obtained by simultaneously fitting with 
electron/proton estimator 

Good agreement 

AMS note 2014-11-01 



Positron Fraction (PRL 2014) 
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• Compared to PRL result 2013 
• Energy extended to 500 GeV 
• Improved accuracy  

• 72 positrons for 350-500 GeV:  
σstat. 0.028, σsyst. 0.019 

Energy (GeV) 

275±32 GeV: 
the positron fraction ceases 

 to increase with energy 

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.121101
http://physics.aps.org/featured-article-pdf/10.1103/PhysRevLett.110.141102
http://physics.aps.org/featured-article-pdf/10.1103/PhysRevLett.110.141102
http://physics.aps.org/featured-article-pdf/10.1103/PhysRevLett.110.141102
http://physics.aps.org/featured-article-pdf/10.1103/PhysRevLett.110.141102


Cosmic Ray Alpine Collaboration 
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Dark matter 

Single pulsar 

A new look at the cosmic 
ray positron fraction 

arXiv:1410.3799 [astro-ph.HE] 

http://arxiv.org/abs/1410.3799
http://arxiv.org/abs/1410.3799


Flux Measurement Procedure 
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𝜱(𝑬,𝑬 + ∆𝑬) =  
𝑵𝒔𝒊𝒈𝒏𝒂𝒍

𝑨𝒈𝒆𝒐 ∗ 𝜺𝒔𝒆𝒍. ∗ 𝜺𝒕𝒓𝒊𝒈. ∗ 𝑻𝒆𝒙𝒑𝒐(𝑬) ∗ 𝜟𝑬
 Isotropic flux: 

MC 
Data 

Data 
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Electron and positron fluxes (PRL 2014) 

Different spectral indices for 
electrons and positrons 

Different scales for electrons and positrons 

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.121102


Combined e++e- Flux (PRL 2014) 
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30 months of data 

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.221102


Combined flux after 1 TeV 
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Energy cut off @ 1-2 TeV 



AMS has been performing smoothly for more than 3 years. 30 
months of data have been analyzed. 
 11 million positrons and electrons collected 

The combination of TRD and ECAL achieves a proton rejection 
power greater than 105. 

  Latest AMS results are presented: 
Positron fraction up to 500 GeV 

• Phys. Rev. Lett. 113, 121101 (2014) 

Positron flux up to 500 GeV 
• Phys. Rev. Lett. 113, 121102 (2014)  

Electron flux up to 700 GeV 
• Phys. Rev. Lett. 113, 121102 (2014)  

Combined positron and electron flux up to 1 TeV 
• Phys.Rev.Lett. 113, 221102 (2014) 

More results are yet to come 
 Protons, helium, antiprotons, Boron/Carbon, etc 

Conclusion 
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ECAL Resolution 
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17 X0 



DM origin of positron fraction rise 
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Pulsar origin of the positron fraction rise 
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Positron fraction 
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Diffuse power law and source terms are used to 
describe the behaviour of positron fraction 

2014 2013 

Es= 

𝐸𝑠 = 540
+250
−130
𝐺𝑒𝑉 



Electron Identification 
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Proton rejection 

Charge Z 
Velocity β 

Charge Z 
Sign of the charge 
Momentum P 

Electron energy E 
Proton rejection 

Electron 
Selection 

Electron event @ 1.03TeV 



Flux Measurement Procedure 
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𝜱(𝑬,𝑬 + ∆𝑬) =  
𝑵𝒔𝒊𝒈𝒏𝒂𝒍

𝑨𝒈𝒆𝒐 ∗ 𝜺𝒔𝒆𝒍. ∗ 𝜺𝒕𝒓𝒊𝒈. ∗ 𝑻𝒆𝒙𝒑𝒐(𝑬) ∗ 𝜟𝑬
 Isotropic flux: 

MC 

 Acceptance & Selection efficiency 

• calculated with MC 

• corrected with data 

 Systematic uncertainties: 

• 2-3% from acceptance 

• 2% from energy measurement 

MC 



Trigger Efficiency 
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𝑬𝒍𝒆𝒄𝒕𝒓𝒐𝒏𝒔:  𝛆𝐭𝐫𝐢𝐠. =
𝐍𝐩𝐡𝐲𝐬.𝐭𝐫𝐢𝐠.

𝐍𝐩𝐡𝐲𝐬.𝐭𝐫𝐢𝐠 + 𝐟𝐩𝐫𝐞𝐬𝐜𝐚𝐥𝐞 × 𝐍𝐮𝐧𝐛𝐢𝐚𝐬
 

Efficiency 100% from 5 GeV 



𝐓𝐞𝐱𝐩𝐨(𝐄) = 𝐋𝐢𝐯𝐞𝐓𝐢𝐦𝐞 ∗ 𝐇(𝐄 − 𝐟 ∗ 𝐑
𝐌𝐚𝐱
𝐜𝐮𝐭𝐨𝐟𝐟)

𝐍

𝟎

 

Exposure Time 
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H(x) is the Heaviside step function 
Rcutoff is the geomagnetic cutoff value, f the safety factor 


