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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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Oct. 2013: 1120 citations 



Proton Helium

Oct. 2013: 127 citations 



Oct. 2013: 575 citations 

ATIC 
collaboration



Discoveries:
(1) Pulsar, 
(2) Microwave,
(3) Binary Pulsars, 
(4) X Ray sources, 

 solar neutrinos 
(5) Dark Matter,  

Dark Energy 
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SUPER KHiRes

,

S. Ting, 

11



USA 
FLORIDA A&M UNIV. 
FLORIDA STATE UNIVERSITY 
MIT - CAMBRIDGE 
NASA GODDARD SPACE FLIGHT CENTER 
NASA JOHNSON SPACE CENTER 
TEXAS A&M UNIVERSITY 
UNIV. OF MARYLAND - DEPT OF PHYSICS 
YALE UNIVERSITY - NEW HAVEN 

MEXICO
UNAM

DENMARK
UNIV. OF AARHUS 

FINLAND
HELSINKI UNIV. 
UNIV. OF TURKU 

FRANCE
GAM MONTPELLIER 
LAPP ANNECY 
LPSC GRENOBLE 

GERMANY 
RWTH-I 
RWTH-III 
MAX-PLANK INST. 
UNIV. OF KARLSRUHE 

ITALY 
ASI
CARSO TRIESTE 
IROE FLORENCE 
INFN & UNIV. OF BOLOGNA 
INFN & UNIV. OF MILANO 
INFN & UNIV. OF PERUGIA 
INFN & UNIV. OF PISA 
INFN & UNIV. OF ROMA 
INFN & UNIV. OF SIENA 

NETHERLANDS
ESA-ESTEC
NIKHEF
NLR

ROMANIA 
ISS
UNIV. OF BUCHAREST 

RUSSIA 
I.K.I.
ITEP 
KURCHATOV INST. 
MOSCOW STATE UNIV. 

SPAIN 
CIEMAT - MADRID 
I.A.C. CANARIAS. 

SWITZERLAND
ETH-ZURICH
UNIV. OF GENEVA 

CHINA BISEE (Beijing) 
IEE (Beijing) 
IHEP (Beijing) 
NLAA (Beijing) 
SJTU (Shanghai) 
SEU (Nanjing) 
SYSU (Guangzhou) 
SDU (Jinan) 

KOREA 
EWHA 

KYUNGPOOK NAT.UNIV. 

PORTUGAL 

LAB. OF INSTRUM. LISBON 

ACAD. SINICA (Taiwan) 
AIDC (Taiwan) 

CSIST (Taiwan) 
NCU (Chung Li) 
NCKU (Tainan) 

NCTU (Hsinchu) 
NSPO (Hsinchu)

TAIWAN 

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 
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TRD
Identify e+, e-

Silicon Tracker 
Z, P 

ECAL
E of e+, e-,

RICH
 Z, E 

TOF
Z, E (E ~ P)

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

AMS: A TeV precision, multipurpose spectrometer 

Magnet
±Z



65m x 4m x 3m

7.5 tons
Silicon layer 

7 Silicon layers

Silicon layer 

TRD

TOF 1, 2 

TOF 3, 4 

RICH

ECAL  

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  
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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





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 
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RICH
charge of 
electron



Run/Event 133119-743/ 56950 
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•  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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AMS TRD Data on ISS 

R = 10 – 100 GV 
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•  ISS data 





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.



new source 

secondary
production



Linden, Profumo (2013) 
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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  



4% scaling error not included 



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



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 
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ICRC 2013 Results from AMS:Helium flux 
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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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1. Tracker Plane 1 

6. RICH

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

4. Tracker Planes 2-8 

7. Tracker Plane 9 

2. TRD

3. Upper TOF (1 counter) 

5. Lower TOF (1 counter) 
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ZTRK_L1=5.2

ZTRD=5.2

ZTOF_UP=5.5

ZTOF_LOW=5.4

ZTRK_L2-L8=5.0

ZRICH=4.8

Boron
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Run/Event 1319990213/ 235892 Run/Event 1327184805/ 266043 
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view
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ZTRK_L9=6.1



Selected Boron Sample 
(Inner Tracker + TOF) 

Boron and Carbon: Sample composition

Background estimated to an accuracy of 0.1%.



Boron-to-Carbon ratio







The Cosmos is the Ultimate Laboratory. 
Cosmic rays can be observed at energies higher than any accelerator.   
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