
!The!Alpha!Magne,c!Spectrometer!(AMS)!Experiment!
!

DESY,!November!2013 

Stefan!Schael,!!
RWTH!Aachen!University! 1"



2 

Dark Matter 
13.7 billion years 

COBE, 
WMAP,  
PLANCK 
HUBBLE 

Big Bang 

? 

? 

? 

? 

? 



PLANCK 



Liquid Xe!

WIMP 
~20% energy 

Ionization 

Heat 
~100% energy 

cryogenic detectors 

Light 

~few % energy 
NaI, Xe!

Ge!
Ge, Si!

CaWo4, BGO!

Al2O3, LiF!

Die weltweite Suche nach Dunkler Materie 

e+, p, D, … 
geladene Teilchen 

Antares, Km3, … 
Amanda, Icecube 

FERMI 

Dama, CDMS, GENIUS,  
CRESST, Edelweiss, …  

Direkter Nachweis 

CANGAROO, HESS,  
MAGIC, Veritas, … 

FNAL, LHC, ILC 

Beschleuniger 

AMS γ ,ν

4 





Physics of Charged Cosmic Rays 
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Experimental Challenges 
 

to search for new physics: 
 
  
Signal/background=e+/p< 10-4 

rejection of background<1/106 
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Ref: B Beischer et al 2009 New J. Phys. 11 105021 
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Oct. 2013: 1120 citations 



Proton Helium 

Oct. 2013: 127 citations 



Oct. 2013: 575 citations 

ATIC 
collaboration 



Discoveries: 
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AMS is US Dept of Energy (DOE) led 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 
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TRD  
Identify e+, e- 

Silicon Tracker 
 Z, P 

ECAL  
E of e+, e-, γ 

RICH  
 Z, E 

TOF 
 Z, E 

!!
Par,cles!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 spectrometer 

 Magnet 
±Z 



6 5m x 4m x 3m 

7.5 tons 
Silicon layer 

 

7 Silicon layers 

Silicon layer 
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TOF 1, 2 

TOF 3, 4 
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Magnet 

300,000 electronic channels 
650 processors 

Radiators 

11,000 Photo Sensors 



A US Air Force C-5 Galaxy 
has been used for transport 

from Geneva to KSC 
25. August 2010   

15 



AMS 



Closing Endeavour�s 
Payload Bay Doors 
at the Launch Pad 



STS-134 launch    May 16, 2011 @ 08:56 AM 



Endeavour approaches the International Space Station 



AMS installed on the ISS 
Truss and taking data 

May 19, 2011 
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28 month of AMS operations 

35.7 billion events have  
been analyzed 

 Events collected 
 Events reconstructed 
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Up to August 26, 2013, 38 billion events have been processed 
by the Data Production Operations in the POCC  



1.03 TeV electron 

TRD: 
identifies  
electron 

Tracker and Magnet:  
measure momentum 

ECAL:  
identifies electron and measures  
its momentum 

side 
view 

front 
view 

RICH 
charge of 
electron 



Run/Event 133119-743/ 56950 
Positron!E=636!GeV!
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Proton!Rejec,on!by!ECAL!and!Tracker!

•  ISS data 



20 Layers each consisting of: 
•  22 mm fibre fleece 
•  Ø 6 mm straw tubes  

filled with Xe/CO2 80%/20% 

p+ rejection >102  1-400 GeV  !
acceptance: 0.4m2sr "

Transition Radiation Detector"
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eV"

p+"

P."Doe,nchem"et"al.,"Nucl.Instrum.Methods""A,"558:608641,"2006."

single!layer!



AMS TRD Data on ISS 

! 
R = 10 – 100 GV 
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•  ISS data 

Proton!Rejec,on!by!TRD!
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In!our!data!sample!we!iden,fy!four!components!using!an!ECAL!Es,mator!!
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29"



  
 

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

Collaboration) Phys. Rev. 
Lett. 110, 1411xx (2013)] 

 

�First Result from the AMS on 
the ISS: Precision 

Measurement of the Positron 
Fraction in Primary Cosmic 

Rays of 0.5-350 GeV� 

Oct. 2013: 79 citations 
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The very accurate data show that the positron fraction is steadily  
increasing from 10 to 250 GeV, but, from 20 to 250 GeV,  
the slope decreases by an order of magnitude.  



The"agreement"between"the"data"and"the"model"shows"that"the"
positron"frac,on"spectrum"is"consistent"with"e±!fluxes"each"of"which"is"
the"sum"of"its"diffuse"spectrum"and"a"single"common"power"law"source.""

new source 

secondary  
production 

χ2/d.f.!="28.4/57" 
1/�s!="0.0012"±!0.0007"GeV−1,""
corresponding"to"a"cutoff"energy""
of"840+1180!GeV."−310!



Linden, Profumo (2013) 

Pulsar!or!Dark!Ma_er!?!
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− DM model 
− Pulsar model 
− Background 

in 10 years 
from now 

 

Cutoff energy = DM Mass ≈ 700 GeV 

35 

Expected AMS-02 reach in 10 more years  



ICRC!2013!Results!from!AMS:!Electron!Flux!JeV(E)!

�  The"electron"flux"measurement"extends"up"to"500"GeV.""
�  Mul,plied"by"E3"it"is"rising"up"to"10"GeV"and"appears"to"be"on"a"smooth,"slowly"falling"curve"above.""

36!

4% scaling error not included 



ICRC!2013!Results!from!AMS:!Positron!Flux!Je+(E)!
�  The"positron"flux"measurement"extends"up"to"350"GeV.""
�  Mul,plied"by"E3""it"is"rising"up"to"10"GeV,"from"10"to"35"GeV"the"spectrum"is"flat""

and"above"35"GeV"again"rising.""
�  The"spectral"index"and"its"dependence"on"energy"is"clearly"different"from"the"electron"spectrum."

37!

4% scaling error not included 
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ICRC 2013 Results from AMS:  
(Electron plus Positron) Spectrum 



H!
He!

Li!
Be! B!

C!
N! O!

F!
Ne!

Na!
Mg!

Al! Si!

Cl!Ar! K! Ca!Sc! V! Cr!
P! S!

Fe!
Ni!

Ti!
Mn!

Co!

AMS Nuclei Measurement on ISS 



Scaled by R2.7! From 1 GV to 1.8 TV!

ICRC 2013 Results from AMS: Proton flux 

AMS-02 



AMS data, a 3.1% scaling uncertainty not included 

Proton flux  
Comparison with the latest measurements 



 Rigidity (GV)10 210 310

2.
7

 X
 R

ig
id

ity
-1

 H
e 

Fl
ux

 (m
^2

 s
r s

ec
 G

V)

310

ICRC 2013 Results from AMS:Helium flux  

AMS-02, total errors 
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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 

ICRC 2013 Results from AMS 
Boron-to-Carbon ratio 
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AMS: Multiple Independent Measurements  
of the Charge (|Z|) 

4. Tracker Planes 2-8 
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ZTRK_L1=5.2 

ZTRD=5.2 

ZTOF_UP=5.5 
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Run/Event 1319990213/ 235892 Run/Event 1327184805/ 266043 
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Selected Boron Sample 
(Inner Tracker + TOF) 

Boron and Carbon: Sample composition 

Background estimated to an accuracy of 0.1%. 
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The Cosmos is the Ultimate Laboratory. 
Cosmic rays can be observed at energies higher than any accelerator.   

“The most exciting objective of AMS is to probe the unknown; 	


to search for phenomena which exist in nature 	



that we have not yet imagined nor had the tools to discover.” 	


S. Ting	




