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AMS is an International Collaboration 
16 Countries, 60 Institutes and 600 Physicists, 17 years 

The detectors were built all over the world  
and assembled at CERN, near Geneva, Switzerland 



 AMS detector is designed with the same precision and detection 
capability as the large state-of-the-art CERN Detectors. 

 
To install AMS on the ISS we have miniaturized the CERN Detectors to fit 

into the space shuttle. This has been the main technical challenge. 

The AMS experiment 

A magnetic spectrometer to study very high energy cosmic rays 



6 5m x 4m x 3m 

7.5 tons 
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7 Silicon layers 
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Particles and nuclei are defined by their  

charge (Z) and energy (E ~ P) 

 Z, P are measured independently by 
the Tracker, RICH, TOF and ECAL 

AMS: A TeV precision, multipurpose particle physics 
spectrometer in space. 
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±Z 



Data from ISS         Time of Flight System 

TOF 1 and 2 

TOF 3 and 4 

Measures Velocity and Charge of particles 
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Tracker:  The coordinate resolution is 10 µ          
       Inner Tracker Alignment via  
                    20 –UV Lasers 
                    Outer Tracker Alignment via 
                    Cosmic rays 

1 

5 
6 

3 
4 

7 
8 

9 

2 



Tracker Charge 

Li 

Be 

B 

C 

N 

O 

x103 



There are 9 planes with 200,000 channels aligned to 3 microns  



50,000 fibers, φ =1mm, distributed uniformly inside 1,200 lb of lead  
which provides a precision, 3-dimensional, 17X0 measurement  

of the directions and energies of light rays and electrons up to 1 TeV 

Calorimeter (ECAL) 





Run/Event 1329775818/ 60709 Run/Event 133119-743/ 56950 
Electron E=982 GeV Positron E=636 GeV 
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Data from ISS: Proton rejection using the ECAL 
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 Ring Imaging CHerenkov (RICH) 
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160 GV 

10,880 photosensors 

21,760 Signal Pulses 
to identify nuclei and 

their energy 



Data from ISS 

Z=26.8 



1.03 TeV electron 

TRD: 
identifies  
electron 

Tracker and Magnet:  
measure momentum 

ECAL:  
identifies electron and measures  

its momentum 
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a) Minimal material in the TRD and TOF 
So that the detector does not become a source of e+. 

b) A magnet separates TRD and ECAL so that  e+ produced in TRD will be 
swept away and not enter ECAL 
In this way the rejection power of TRD and ECAL are independent 

c) Matching momentum of 9 tracker planes with ECAL energy  
measurements 

Sensitive Search for the origin of Dark Matter with p/e+ >106 

rejection >102 

rejection >104 
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TRD Estimator  (83.2-100 GeV) 

protons positrons 

Example of Positron Selection: 
The TRD Estimator shows clear separation between protons and positrons with 

a small charge confusion background 



Intensive Tests at CERN  
      

  

θ

Φ

Strong support from CERN (R. Heuer, A. Siemko, S. Meyers, C. Garguilo)  



Particle  Momentum (GeV/c) Positions Purpose 

Protons 400 + 180 1,650 
 Full Tracker alignment,  

TOF calibration,  
ECAL uniformity 

Electrons    100, 120, 180, 290 7 each    TRD, ECAL performance study 

Positrons 10, 20, 60, 80, 120, 180 7 each  TRD, ECAL performance study 

Pions 20, 60, 80, 100, 120, 180 7 each   TRD performance to 1.2 TeV 

AMS in SPS Test Beam, August 2010  



May 19: AMS installation completed at 5:15 CDT, start taking data 9:35 CDT 
During the first week, we collected 100 million cosmic rays 



AMS  
Operations 

White Sands Ground 
Terminal, NM 

AMS Computers  
at MSFC, AL 

AMS Payload Operations Control and 
Science Operations Centers  

(POCC, SOC) at CERN 

AMS 
TDRS Satellites 

Astronaut at ISS AMS Laptop  

Ku-Band 
High Rate (down): 
Events <10Mbit/s>  

S-Band 
Low Rate (up & down): 
Commanding: 1 Kbit/s 
Monitoring: 30 Kbit/s 



General Charles Bolden, NASA Administrator, inaugurated AMS POCC,  
June 23, 2011 



NASA Officials Certified Asia POCC 
at Taiwan  on June 22, 2012  



650 computers, 300,000 channels, up to 400% redundancy 
AMS electronics 



Orbital DAQ parameters 
Time at location [s] 

DAQ efficiency 

Acquisition rate [Hz] 

Particle rates vary from 
200 to 2000 Hz per orbit 

On average: 
DAQ efficiency 86% 
DAQ rate ~600Hz     



AMS data on ISS: He rate 

103 

Polar region Quiet period 
Solar Flare, 24/1/2012 



AMS data: He rate and Solar Flare 

Polar region 

Equatorial region 

Quiet period 
Solar Flare, 24/1/2012 



Daily Variation of Normalized 
Proton Flux 

1. Low energy proton flux is decreasing as we enter solar 
maximum. High energy proton flux is less affected. 

2. Major solar flare events were detected as spikes in ~1GV 
proton flux. 



Data from AMS and Detector Performance  

The detectors function as designed and,  
in 24 months, we have collected 32 billion events. 

 
Every year, we will collect 16*109 events 

and in 10-20 years we will collect 160-320*109 events. 



  

 
      
     

  
 
 
 

     
   

     
     

 
 

The Origin of Dark Matter 
~ 85% of Matter in the Universe is not visible and is called Dark Matter 

The physics of AMS include: 

A Galaxy as seen by telescope If we could see Dark Matter in  
the Galaxy 
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The leading candidate for Dark Matter is a SUSY neutralino (χ0 )  
Collisions of χ0 will produce excess in the spectra of e+ different from known cosmic ray collisions 

AMS data on ISS  
1 TeV 



  
 

Selected for a  
Viewpoint in Physics and  
an Editors’ Suggestion 
[Aguilar,M. et al (AMS 

Collaboration) Phys. Rev. 
Lett. 110, 141102(2013)] 

 

“First Result from the AMS on 
the ISS: Precision 

Measurement of the Positron 
Fraction in Primary Cosmic 

Rays of 0.5-350 GeV” 





positron fraction 

Representative bins of the positron fraction 
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New results from AMS 
Electron Spectrum 



New results from AMS 
 Positron Spectrum 



New results from AMS 
 (Electron plus Positron) Spectrum 



(Electron plus Positron) Spectrum 



Scaled by R2.7 From 1 GV to 1.8 TV 

New results from AMS 
Proton Flux 



Proton Flux 
Comparison with past measurements 



AMS data, a 3.1% scaling uncertainty not included 

Proton Flux  
Comparison with the latest measurements 



Helium Flux  
Comparison with past measurements 



Helium Flux  
Comparison with the latest measurements  

AMS data, a 3.5% scaling uncertainty not included 



Precise measurement of the energy spectra of B/C 
 provides information on Cosmic Ray Interactions and Propagation 

New results from AMS 
 Boron-to-Carbon ratio 
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1. Tracker Plane 1 

6. RICH 

AMS: Multiple Independent Measurements  
of the Charge (|Z|) 

4. Tracker Planes 2-8 

7. Tracker Plane 9 
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ZTOF_LOW=5.2 

ZTRK_IN=4.8 

ZRICH=5.1 

ZTRK_L1=6.1 

ZTRD=6.0 

Z0=9.9 
Z1=5.3 
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view 

Carbon 
Fragmentation  

to Boron  
R = 10.6 GV 



10% of total expected data  
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Boron-to-Carbon ratio 

comparison with recent data 



We now understand  
the systematic errors to ~1%.   

Studies with 1% statistical error  
will take time to collect the data. 

More new results will be 
announced soon. 



T h a n k  Yo u !  



The fluctuations of the positron ratio e+/e− are isotropic 

 

New results from first 2 years of AMS 
 On the origin of excess positrons 

If the excess has a particle physics origin, it should be isotropic 
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Limits on the amplitude of a dipole anisotropy in  
any axis in galactic coordinates  
on the positron to electron ratio 

δ ≤ 0.030 at the 95% confidence level 



Anisotropy 



The thermal environment on ISS is constantly changing due to: 
 
The angle between the ISS 
Orbital Plane and the Solar 

Vector 

β 

Solar Array 
Visiting Vehicles 

(Soyuz or Progress) 



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 
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Selection of Z > 1 particles 
Nuclei with charge Z are selected 

demanding consistency between the 
TOF and Inner Tracker charge 

determinations 
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