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Precision measurement of the positron fraction   
with the Alpha Magnetic Spectrometer  
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Positron fraction:  
   

Ne+/(Ne+ + Ne−) 

 Z, P are measured independently from  

Tracker, RICH, TOF  and ECAL 

AMS: A TeV precision, multipurpose spectrometer in space. 
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Transition Radiation Detector.  

e+ p 

Leak rate: CO2 ≈ 5 mg/s 

Storage: 5 kg, >20 years lifetime 

e- 
p 

Reported by H.Gast,  ICRC 
Identify e+, reject P 



TRD performance on ISS 
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electron proton 

TRD estimator = -ln(Pe/(Pe+Pp)) 

Normalized 

probabilities 

Pe and Pp 

ISS: 3–100 GeV 
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Test Beam 

MDR  ~2.0 TV 
 

E / |p| matching 

Silicon Tracker 

Reported by P. Zuccon and 

by C. Delgado, ICRC 



Electromagnetic Calorimeter 
A precision, 17 X0, TeV, 3D measurement of the 

directions and energies of light rays and electrons 

50 000 fibers, f = 1 mm 

distributed uniformly  

Inside 1,200 lb of lead 

e 
Lead foil 

(1mm) 

Fibers 

(f1mm) 

σ (E)    10.6± 0.1

E   √ E 
+(1.25± 0.03)%=

σ (E)    10.6± 0.1

E   √ E 
+(1.25± 0.03)%=

Test Beam Results 

10.4 
+ 1.4% 

Reported by S. Di Falco,  ICRC 
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Separation of protons and electrons with ECAL  

8 January 2013 Positron fraction 

Boosted Decision Tree, BDT: 
19 variables describing 

3D shower shape combined 
(B.Roe et al., NIM A543 (2005) 577) 

 

 protons electrons 
 εe = 90% 

ISS data: 83–100 GeV 



Data from ISS: Proton rejection using the ECAL 



To date AMS collected over 35 billion events 

    Events collected 

    Events reconstructed 

25 month of AMS operations 

25 billion events are used  

in the present analysis 



 Event selection. 
 

- DAQ: efficiency > 50% (no SAA) 

 

- Geomagnetic cutoff:  

E>1.2∙max cutoff 
 

- TRACKER: 

- Track quality 

- geometrical match with ECAL 

shower 

 

- TRD:  at least 15 hits 

 

- TOF: downgoing particle,  

β>0.8,      0.8<Z<1.4 

 

- ECAL: 
- shower axis within the fiducial 

ECAL volume 

- electromagnetic shape of the 

shower 
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424 GeV positron 



12 8 January 2013 Positron fraction 

ISS data: 83–100 GeV 

Event selection: ECAL BDT  

 Selection: BDT>-0.8 



13 8 January 2013 Positron fraction 

Selection efficiency 

●   MC simulation 

Selection efficiency is high, ~90%, and 

uniform in a wide energy range, 2–400 GeV 

         Ne± ≈ 6,800,000          Np ≈ 700,000 



TRD estimator TRD estimator 

                                                        

protons positrons 

14 8 January 2013 Positron fraction 

Analysis: 2D fit to measure Ne± and Np 

2D reference spectra for the signal and the background are fitted to 

data in the [TRD estimator- log(E/|P|] plane.  
 

The method combines redundant information from TRD, ECAL, and Tracker; 

and provides much better statistical accuracy compared to cut-based analysis. 
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TRD Estimator  (83.2-100 GeV) 

protons positrons 

Results of the fit: 
The TRD Estimator shows clear separation between protons and positrons with 

a small charge confusion background 



Results of the fit: in the signal region only 1 % of protons 
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log10 (E/p) 

Data on ISS 

Fit 

Positron 

Proton 

Charge confusion 

c2/d.f.=0.60 

TRD Estimator  < 0.75 

 (83.2-100 GeV) 



Systematic error on the positron fraction:  

1. acceptance asymmetry 

Difference between positron and electron acceptance 
due to known minute tracker asymmetry 



The measurement is stable over  wide variations of the cuts 
 in the TRD identification, ECAL  Shower Shape,  

E (from ECAL ) matched to |P| (from the Tracker), … 
For each energy bin, over 1,000 sets of cuts were analyzed.  

Systematic error on the positron fraction:  

2. Selection dependence 
 (83.2-100 GeV) 



Event migration effects are obtained by folding the measured spectra 
of positrons and electrons with the ECAL energy resolution. 

Bin width: 2σ at 5 GeV; 4σ at 50 GeV; 8σ at 100 GeV; 19σ at 300 GeV.  

Systematic error on the positron fraction:  

3. Bin-to-bin migration 

10.4/√E + 1.4 



Definition of the reference spectra is based on pure 
samples of electrons and protons of finite statistics.  

TRD estimator 
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electron proton 

Systematic error on the positron fraction:  

4. Reference spectra 



●  Data 

--  MC 

Two sources: large angle scattering and production of secondary tracks along the 
path of the primary track. Both are well reproduced by MC. Systematic errors 
correspond to variations of these effects within their statistical limits. 

Systematic error on the positron fraction:  

5. e+/- Charge confusion 



Positron events,  positron fraction in 

each energy bin 

AMS Result: Measurement of the positron fraction 



AMS-02 (6.8 million e+, e− events) 

8% of total Data to 2028 
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e± energy [GeV]  
No fine structure in the spectrum 



The agreement between the data and the model shows that the 
positron fraction spectrum is consistent with e± fluxes each of which is 

the sum of its diffuse spectrum and a single common power law source.  
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Fit to Data with Model 
c2/d.f. = 28.5/57 

Data 

e± energy [GeV]  

Fe+  = Ce+ E
−e+ + CsE

−s e-E/Es  
 
Fe-  = Ce- E

−e- + CsE
−s e-E/Es  

Physics Example: Comparing data with a minimal model. 



A fit to the data in the energy range 1 to 350 GeV yields: 
 
e- − e+ = −0.63 ± 0.03, i.e., the diffuse positron spectrum is less 
energetic than the diffuse electron spectrum; 

 
 e- −  S  = 0.66±0.05, i.e., the source spectrum is more energetic than 
the diffuse electron spectrum; 
 
Ce+ /Ce- = 0.091 ± 0.001, i.e., the weight of the diffuse positron flux 
amounts to ∼10% of that of the diffuse electron flux; 
 
CS /Ce-  = 0.0078 ± 0.0012, i.e., the weight of the common source 
constitutes only ∼1% of that of the diffuse electron flux; 
 
1/Es = 0.0013 ± 0.0007 GeV−1,  
           corresponding to a cutoff energy of 760+1000 GeV. −280 





Comparison at high energies 

e± energy [GeV] 
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In conclusion,  

the first 6.8 million primary positron and electron events collected  

with AMS on the ISS show: 
 

I. At energies < 10 GeV, a decrease in the positron fraction with increasing energy. 

 

II. A steady increase in the positron fraction from 10 to ∼250 GeV. 

 

III. The determination of the behavior of the positron fraction from 250 to 350 GeV 

and beyond requires more statistics.  

 

IV. The slope of the positron fraction versus energy decreases by an order of 

magnitude from 20 to 250GeV and no fine structure is observed. The agreement 

between the data and the model shows that the positron fraction spectrum is 

consistent with e± fluxes each of which is the sum of its diffuse spectrum and a 

single common power law source. 

 

These observations show the existence of new physical phenomena,  

whether from a particle physics or an astrophysical origin. 



Run/Event 1329775818/ 60709 Run/Event 133119-743/ 56950 

Electron E=982 GeV Positron E=636 GeV 
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