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Collision of “ordinary” Cosmic Rays produce e+, p…  
Annihilation of Dark Matter (neutralinos, χ) will produce additional e+, p 

Dark Matter 
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Antiprotons: χ + χ → p + … 
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  of	
  Cosmic	
  Rays	
  

mχ= 1 TeV 

Positrons: χ + χ → e+ + … 
mχ=800 GeV 
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First Result from the AMS on the ISS: Precision Measurement of the Positron 
Fraction in Primary Cosmic Rays of 0.5-350 GeV, PRL 110 (2013) 141102 

 
Selected by APS as a Highlight of the Year 2013 and cited >400 times 

M. Turner and F. Wilczek, Phys. Rev. D42 (1990) 1001 
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ParBcles	
  and	
  nuclei	
  are	
  defined	
  by	
  their	
  	
  

charge	
  (Z)	
  and	
  energy (E) 

 The Charge and Energy are measured 
independently by many detectors 

AMS:	
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  TeV	
  precision,	
  mulBpurpose	
  spectrometer	
  

 Magnet 
±Z 

3	
  



TRD performance on the ISS 
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Rigidity (GV) 

Typically,	
  1	
  in	
  1,000	
  protons	
  may	
  	
  
be	
  misidenBfied	
  as	
  a	
  positron	
  



ECAL	
  Performance	
  on	
  the	
  ISS	
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Typically,	
  1	
  in	
  10,000	
  protons	
  may	
  
be	
  misidenBfied	
  as	
  a	
  positron	
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-  Primary cosmic ray particle:  
-  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 shower shape 
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 Event selection for the positron fraction analysis 

Data sample: 
10.9 million of e± events are selected 

in the energy range 0.5–500 GeV 



TRD Estimator shows clear separation between protons  
and positrons with a small charge confusion background 
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TRD Estimator  (83.2-100 GeV) 

p 
e−è e+ 

e+ 

Data 
Fit 
Positrons 
Protons 
Charge confusion 

χ2/d.f.=0.60

(e−è e+) 

7 



19% 13% 

4.5% 1.5% 

Systematic errors on the positron fraction, 
Ne+ / (Ne+ + Ne−): 

 
1.  Acceptance asymmetry 
2.  Selection dependence 
3.  Absolute energy scale and bin-to-bin migration 
4.  Reference spectra uncertainties 
5.  Charge confusion 
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The energy at which positron fraction begins to increase 
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Positron fraction 
reaches minimum 



The rate of increase with energy. 
The non-existence of sharp structures. 
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The energy beyond which it ceases to increase. 
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e± energy [GeV] 
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Pulsars 

Collision of cosmic rays 

mχ = ~1 TeV 275±32 GeV 

In 10 years from now 

The expected rate at which it falls  
beyond the turning point.   

I. Cholis and D. Hooper, Phys.Rev. D88 (2013) 023013 
J. Kopp, Phys. Rev. D 88 (2013) 076013 

MC simulation 
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Many	
  models	
  proposed	
  to	
  explain	
  
the	
  physics	
  origin	
  of	
  the	
  observed	
  behavior	
  

	
  
1)  ParBcle	
  origin:	
  	
  Dark	
  MaSer	
  
2)  Astrophysics	
  origin:	
  Pulsars,	
  SNRs	
  
3)  Secondaries:	
  peculiariBes	
  of	
  propagaBon	
  

	
  
Models	
  based	
  on	
  very	
  different	
  assumpBons	
  

describe	
  observed	
  trends	
  in	
  the	
  data.	
  
	
  

New	
  precision	
  AMS	
  measurements	
  and	
  model	
  
predicBons	
  with	
  matching	
  accuracy	
  will	
  uncover	
  	
  	
  	
  	
  	
  	
  

the	
  underlying	
  physics	
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-  Primary cosmic ray particle:  
-  |R| > 1.2·max cutoff 

-  TOF:  
-  downgoing particle 
-  β>0.3 

-  TRD:   
     at least 12 hits 

-  TRACKER: 
-  Track quality 
-  0.8 < |Q| < 1.2 

-  ECAL: 
-  Hadron shower shape 
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 Event selection for the p/p analysis  

Data sample 
290,000 antiprotons are selected  

in the rigidity range 1–450 GV 
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Charge confusion estimator
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AMS	
  p/p	
  results	
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AMS	
  p/p	
  results	
  



AMS	
  p/p	
  results	
  and	
  modeling	
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Conclusions 
 
 

1.  Positron fraction is measured from 0.5 to 500 GeV: 
–  Steadily increases from 10 to ∼250 GeV; 
–  At 275±32 GeV the fraction reaches its maximum; 
–  Exact behavior of the positron fraction at high 

energies requires more statistics; 

2.  Antiproton analysis status is presented: 
–  Rigidity range explored: 1−450 GV 
–  p/p ratio is flat above 100 GV 

20 


