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Proton Flux Analysis 
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: Absolute differential flux (m-2 sr-1 s-1 GV)  

: Measured rigidity  (GV) 

: Number of events after proton selection 

: AMS-02 exposure live time (s) 

: Effective acceptance (m2 sr) 

: Trigger efficiency 

: Track reconstruction efficiency 

: Rigidity bin (GV)  dR
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Assuming isotropic flux of particles over geomagnetic cutoff 
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Rigidity Measurement 
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9 Silicon Tracker layers 

Intrinsic resolution 10 mm 

Permanent magnet: 0.14 Tesla 

Maximum lever arm: 3 m 

Maximum Detectable Rigidity: 2 TV 
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Silicon Tracker Alignment 
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After time dependent alignment the 
position of ladders in the external layers 
is known with an accuracy of 3 µm: 

Due to temperature fluctuations 
the position of  tracker layers 
varies  with time: 
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Data sample and Exposure Time 
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Two years of data taken  
from 19 May 2011 to 19 May 2013 

Total Exposure time:   
(R> 25 GV) 
5.12x107 sec 

Average live time  
81.6 % 

Measured rigidity above 1.2 Maximum Stoermer cutoff  
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Proton Selection and Background 
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Pre-selection: 
• Velocity measured by at least 3 TOF layers consistent with down going particle 
• Linearly extrapolated trajectory of TOF hit passing both tracker layers 1 and 9  
 
Proton track selection: 
• At list one tracker track reconstructed with 4 planes inside magnet bore  
• Measured Tracker charge consistent with Z=1 particle  
 
Final sample selection: 
• At list one track with measured hit positions in two coordinates (x,y)  both  
in layers 1 and 9 
• Normalized 2 of track fitting, in bending direction, less than 10 
  
Residual Background: 
Helium:  after charge selection  is less than 0.1% in all rigidity range 
Pion:  after Maximum Cutoff selection is less than 1%  in 1-2 GV  
Electron:  rejected by asking R>0, small migration at high R is negligible.  
Positron:  not separated , contribution is less than 1%  
Deuteron: not separated, contribution is 2-3% at 1GV and decreases with  
increasing rigidity. 
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Effective Acceptance 
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Acceptance was estimated with Monte Carlo simulation 
(GEANT4) 
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: MC generated Events 

: Events after pre-selection 

mL 9.3

• R> 10 GV : Acceptance is constant 

• R< 10 GV  : Less than 5% rigidity dependence 

• Systematic error: ± 2.8%  
due to uncertainty of energy dependence of 
hadronic interaction probability 
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Trigger Efficiency 
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N : Physical Trigger (4/4 TOF) 

: Unbiased Trigger (3/4 TOF) 

Constant within 1% 
 
Systematic error of 1%  
due to limited statistics of  
unbiased trigger sample 

Determined from ISS data with an unbiased trigger sample  
(scaled 1/100) 
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Track reconstruction Efficiency 
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Constant within 1% 
 
 
 
 
 
 
Systematic error of 1%  
uncertainty of energy dependence 

Determined from ISS data with an independent  sample  
based on TOF charge selection  (Estimated rigidity with ECAL). 
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Events after pre-selection and Proton track selection 

Events after pre-selection and TOF-charged selection 
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Spectrum Unfolding 
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Due to finite rigidity resolution, the measured spectrum suffers bin to bin migration. 
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Incident proton flux was obtained by unfolding the measured one 



• Acceptance 

• Trigger efficiency 

• Tracker reconstruction efficiency 

Systematic Errors 
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Systematic error of normalization: 

%1.3222
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Systematic errors will be reduced with more data 

Total systematic error: 

22

. unfnormtot  
3.2%  R<200GV 

6.3%  R=1 TV 

Systematic error of unfolding is  
less than 1%at R<200 GV and 5.4% at 1TV 
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Proton Flux: 
From 1 GV to 1.8 TV  
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Binning chosen according to Tracker resolution 
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Proton Flux –High Rigidity Region 
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The Flux has a spectral shape  
no fine structures nor break  

Scaled by R2.7 
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R>100 GV: 



Comparison with  
 Measurements after year 2000 
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Comparison with  PAMELA 
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Proton Flux –Low Rigidity Region 
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R<30GV: 



Forbush decrease 
27 Sep. 2011              7 Mar. 2012 

7 Mar. 2012 ( X 5.4 – X 1.3; two Halo CMEs) 

17 May  2012 (M 5.1 ; Halo CEM ) 
First GLE of Solar Cycle 24  

9 Aug. 2011  
(X 6.9 ; Halo CME) 

27 Gen. 2012  
(X 1.7; Halo CME) 

Proton Flux –Low Rigidity Region 
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Proton flux was daily measured  with a  statistical err. < 1%  (1<R<20 GV) 
R<30 GV: modulation effect and daily variation due to Solar Events : 
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from 19 May 2011 to 19 May 2013 



Solar Event: 9 August 2011 
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Flare X6.9  08/09/2011 Start  07:48 End 08:08 
 
fast CME well magnetically connected  
SOHO/LASCO  first Appearance time in FoV  08:12  
linear speed 1610 km/s 
 
AMS : from (08:17)  until (10:00) 
Increase of counting rate  for about one orbit and an half  

Flare 
CME 

SDO/AIA 193 Å 

M > 40 deg. 



Solar Event: 17 May 2012 
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Flare X5.1  05/17/2012  Start  01:25 End 02:14 
 
fast CME well magnetically connected  
SOHO/LASCO:    first Appearance time in FoV  01:48  
linear speed 1582 km/s 
 
AMS : from (08:15)  until (16:30)   [M > 55 deg.] 
Increase of counting rate  for about 6 orbits.  

Flare 
CME 

SDO/AIA 193 Å 

First GLE of Solar Cycle 24th 

M > 40 deg. 



Solar Event: March 2012 
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The strongest of Solar Cycle 24th 

 

 
03/07/2012 
Flare X45  Start  00:40 End 00:24 
Flare X13  Start  01:23 End 01:14 
 
fast CME well magnetically connected ,  
SOHO/LASCO: first Appearance Time 00:24  , linear speed 2684 km/s 
 
fast CME well magnetically connected ,   
SOHO/LASCO: first Appearance Time 01:30  , linear speed 1825 km/s 
 
03/09/2012 
Flare M63  Start  03:22 End 04:18 
 
CME well magnetically connected ,  
SOHO/LASCO: first Appearance Time 04:26, , linear speed 950 km/s 
 



March 2012 Solar Event 
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March 2012 Solar Event 
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Solar Energetic Particles 



March 2012 Solar Event 
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Forbush decrease of GCR 



March 2012 Solar Event 
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March 2012 Solar Event 
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Conclusions 
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• During the first two years of operation on ISS, AMS-02 performed 
precise measurement  of Proton Flux  from 1 GV to 1.8 TV  
 
• In low rigidity region (R<20 GV)  
- the flux is measured daily with statistical error less than 1% 
-AMS-02 is sensitive to short (Solar Flares , CME, Forbush decrease) 
and long time scale (modulation) Solar effects . 
 
• In high rigidity region (R>100 GV) 
-the spectrum is consistent with a single power law and shows  
no structures nor break.   
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