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AMS is a precision, multipurpose magnetic spectrometer 
operating on the ISS since 2011 to perform accurate 
measurements of charged cosmic rays in the GeV-TeV energy 
range: 
 
Its main objectives: 
  
-  Search for new physics: anti-matter, dark matter, strange 

matter  
-  Shed light on the origin of cosmic rays and their propagation 

into the galaxy ​​ 
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What is AMS ? 
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e-/p ≈ O(10-2) 
e+/p ≈ O(10-3) 
p/p ≈ O(10-4) 
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The Astrophysical Background: 
 
Origin, propagation and production of CRs and their 
secondaries in the galaxy  
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The Astrophysical Background: 
 
Origin, propagation and production of CRs and their 
secondaries in the galaxy  
+ heliospheric / magnetospheric effects…  
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20 GeV/n 

solar modulation 
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Hunt  rare signals (anti-matter) and provide accurate flux measurements of the  CR 
components to constraint astrophysical models 

1) DESIGN : state of the art detectors providing redundant particle measurements 
2) TEST: test and calibration on ground  
3) OPERATION on ISS : continuous monitoring and calibration 
4) DATA ANALYSIS: different independent analyses for internal cross check & reduced 
systematics.   

The experimental challenge 
Fl

ux
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solar modulation 
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Alpha	
  	
  Magne)c	
  Spectrometer	
  on	
  STS-­‐91	
  
	
  	
  AMS-­‐01	
  (1998)	
  

First	
  silicon	
  tracker	
  in	
  space	
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Alpha	
  	
  Magne)c	
  Spectrometer	
  on	
  the	
  ISS:	
  AMS-­‐02	
  
à Launched on May 16, 2011 
à Installed on ISS May 19, 2011 
à AMS-02 foreseen to operate for the entire ISS lifetime (2024) 

5m x 4m x 3m 
7.5 tons 
GF ≈ 0.5 m2sr 
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Transition Radiation Detector (TRD)  
Identify e+, e- 

Silicon Tracker 
 Z, P 

Electromagnetic Calorimeter 
(ECAL)  

E of e+, e-, γ 

Ring Imaging Cherenkov  
(RICH)  
 Z, E 

Time of Flight  
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 Z, E 

	
  	
  
Par)cles	
  and	
  nuclei	
  are	
  defined	
  by	
  their	
  	
  

charge	
  (Z)	
  and	
  energy (E) 

 Z, E, R, β  
for the same particle are measured 

independently by the  Tracker, RICH, TOF 
and ECAL 

AMS-02: A TeV precision, multipurpose spectrometer 

 Magnet (0.15 T) 
±Z 
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proton electron 

TRD estimator 

ISS data:83-100 GeV 

1. TRD (transition radiation) 
      to separate e± from p± 

Energy range 
up to 2 TeV 

ISS Data 

2. Tracker measures momentum 
     and separates + from − 

σ
(β
)/
β	



Charge (Z) 

3. RICH measures velocity,  
     with momentum yields mass 

<σ> = 10 µm 

6.5 . 1010 cosmic rays  
3.49 . 105 antiprotons 
2.42 . 109 protons  

Antiproton 
analysis  
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Information from TRD Detector + Tracker 

6 GeV 

Selec)on	
  of	
  the	
  signal	
  at	
  low	
  energies.	
  
The	
  p	
  signal	
  is	
  well	
  separated	
  from	
  the	
  backgrounds.	
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Positrons & Electrons 











Electron & Positron spectra   
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What	
  is	
  AMS	
  observing?	
  	
  



What	
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  AMS	
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 Something “different” with respect “conventional” models of e+ 
production by collisions of CR hadrons with the interstellar matter (ISM) 
 

AMS 



What	
  is	
  AMS	
  observing?	
  	
  
 Something “different” with respect “conventional” models of e+ 
production by collisions of CR hadrons with the interstellar matter (ISM): 
 
Astrophysical Sources:  
 
-  Local sources as pulsars (slow fall at high energies, anisotropy..) 
-  Interactions of CR hadrons in old SNR (but this should affect also other 

secondary species as anti-protons, B/C)  
-  purely secondary production in non-conventional models 
 
Dark matter: 
 
 -  The mass of the DM particle could give a sharp cutoff with energy 
 -  Isotropic distribution 
 -  Effects also on anti-p  
 
 

AMS 
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Secondary production 

Cowsik	
  (2014)	
  

2.3 million boron nuclei and 
8.3 million carbon nuclei 
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Other channels…? 
e.g. anti-p 



AMS results on the p/p flux ratio  
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3.49 x 105 
antiprotons 

2.42 x 109 
protons 
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Elementary particle fluxes measured by AMS 



Spectrum of Elementary Particles e+, p, p  
have identical energy dependence above 60 GeV 

e− does not 
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The	
  pbar/p	
  ra)o	
  fla-ens	
  above	
  60	
  GeV..	
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What	
  is	
  AMS	
  observing?	
  	
  
The accuracy of the AMS measurement challenges current knowledge of  cosmic 
background ! 
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AMS	
  

Primary Cosmic Rays (p, He, C, O, …) 

C,	
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AMS provides a comprehensive set of 
measurements to constrain astrophysical background: 
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Cosmic ray composition:  
 - for Z > 2  statistical error is our limit ! 
Energy reach for less abundant species is just matter of statistics (i.e. time) 



) [GeV/n]
k

Kinetic Energy (E
1 10 210 310 410 510 610

]
1.

7
 (G

eV
/n

)
-1

 s-1
 s

r
-2

 [m
2.

7
k

 E×
Fl

ux
 

1

10

210

310

410

AMS-02 (2011/06-2013/11)
ATIC-2 (2003/01)
BESS (2002/08)
CAPRICE-94 (1994/08)
CAPRICE-98 (1998/05)
CREAM (2004/12-2005/01)
IMAX-92 (1992/07)
JACEE (1979-1995)
PAMELA (2006/07-2008/12)
RUNJOB (1995-1999)

H and He fluxes  

300 M H 

50 M He 



AMS H and He fluxes  
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Φp/ΦHe = C Rγ 

Single power law fit (R > 45 GV) 
Model  A. E. Vladimirov, I. Moskelenko, A. Strong, et al.,  
                             Computer Phys. Comm. 182 (2011) 1156 
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AMS p/He flux ratio 

 Φp/ΦHe = C Rγ 



What	
  about	
  other	
  primary	
  CRs?	
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Also	
  for	
  Carbon,	
  Nitrogen	
  and	
  Oxygen	
  the	
  single-­‐power	
  law	
  behaviour	
  is	
  excluded	
  by	
  
AMS-­‐02	
  data:	
  a	
  change	
  of	
  spectral	
  index	
  is	
  observed	
  at	
  ≈	
  the	
  same	
  rigidity.	
  

Analysis	
  ongoing	
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  CRs:	
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AMS-02 
Galprop, Trotta 2011, best fit  
(φ = 0.2, 0.5, 0.8 GV) 

AMS-02 precision challenges current theoretical models 
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More	
  on	
  Secondary	
  CRs:	
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  10Be	
  is	
  a	
  natural	
  clock	
  to	
  measure	
  the	
  residence	
  Nme	
  
of	
  CR	
  in	
  the	
  galaxy:	
  10Be	
  à	
  10B	
  +	
  e–	
  +	
  νe	
  	
  
with	
  half-­‐life	
  of	
  1.5	
  x	
  106	
  years	
  

RelaNvisNc	
  Nme	
  dilaNon	
  at	
  high	
  energies	
  	
  
delays	
  the	
  10Be	
  decay	
  and	
  makes	
  the	
  
the	
  Be/B	
  raNo	
  to	
  increase.	
  

A	
  fit	
  to	
  the	
  Be/B	
  raNo	
  can	
  be	
  used	
  to	
  extract	
  
residence	
  Nme	
  in	
  the	
  galaxy	
  

0.9	
  million	
  Be	
  and	
  
2.3	
  million	
  B	
  nuclei	
  

Analysis	
  ongoing	
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Heliospheric	
  effects:	
  )me	
  dependent	
  measurement	
  of	
  ALL	
  par)cle	
  	
  
fluxes	
  to	
  retrieve	
  proper)es	
  of	
  the	
  LIS	
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Conclusions 

 
 
 
o  AMS is providing simultaneous measurements of different cosmic ray 

species with O(% ) accuracy in an extended energy range 
o  new phenomena are being highligted by these measurements whose 

nature will be further clarified as more data will be collected by the 
experiment.  

o  AMS will match the lifetime of the Space Station: stay tuned ! 
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by means of CR interactions 
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Measured	
  from	
  Data	
  by	
  fijng	
  the	
  
Charge	
  Distribu)on	
  in	
  L1	
  with	
  
Charge	
  Distribu)on	
  in	
  L2	
  obtained	
  
by	
  pure	
  nuclear	
  samples	
  selected	
  
by	
  charge	
  in	
  the	
  Inner	
  Tracker.	
  	
  
Typical	
  systema)c	
  error	
  <	
  0.5%.	
  	
  

Contamina)on	
  <	
  3%	
  
Selec)on	
  efficiency	
  >	
  96%	
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Direct measurement of survival probabilities:  

First, we use the seven inner 
tracker layers, L2-L8, to define  
beams of nuclei: He (Li, Be, B, 
…) 
 
Second, we use left-to-right 
particles to measure the 
nuclear interactions in the 
lower part of the detector. 
 
Third, we use right-to-left 
particles to measure the 
nuclear interactions in the 
upper part of detector. 
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Measurement of nuclear cross sections when AMS flies in 
horizontal attitude 

Survival probabilities L8-L9 can be evaluated with high statistics in “normal” data 
taking conditions 

 

Survival prob. L2 → L1 

Survival prob. L8 → L9 
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PAMELA, Science 2011  

2.85 

2.67 
232 GV 

2.77 
2.48 

243 GV 

Breaks occur also at “low” energies… 

CREAM, APJ 2010, 2011 

Spectral	
  features	
  &	
  composiNon	
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 Φp/ΦHe = C Rγ 
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Anti-proton/proton  

the early times (1984)  ...around 2000 

HEAT ≈ 70 events  
CAPRICE ≈ 31 events 



Anti-proton/proton : 2010  

53 
Kinetic Energy  (GeV) 

BESS-POLAR (2004) ≈ 1520 event < 4.2 GeV 
PAMELA (2006-2009) ≈ 1500 events  



2008-2009: the e+/e- puzzle   
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ATIC  
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Electron & Positron measurements before AMS 



e++e- fluxes 
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e++e- fluxes @ SciNeGhe 2016 
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+ AMS 
+ CALET 
+ DAMPE 

Waiting for new results  from: 


