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Outline 	


-The discovery of Cosmic Rays	


Topics in Cosmic  Rays physics one century after Hess	

-Cosmic Ray composition	

-Cosmic Ray spectrum	

-Very High and Ultra High Energy Cosmic Rays	

-Conclusions	


note:  this is NOT a systematic review !	




1912   Discovery of Cosmic Rays	


by Victor Hess	




Victor Hess   	

used a hot air balloon and  	


an electrometer	


Nobel 1936	
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   Cosmic Ray Direct  
       Measurements  

   
   

   
  5

0 
O

rd
er

s o
f m

ag
ni

tu
de

 in
 fl

ux
 In

te
ns

ity
  

                  18 Orders of magnitude in Energy  

7 orders of magnitude in Energy  
15 orders of magnitude in flux Intensity  

   Cosmic Ray Indirect  
       Measurements  

6 orders of magnitude in Energy  

13 orders of magnitude in flux Intensity  
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Where the  Cosmic Rays come from ?   

Text 



Direct e+ / e- P / P- 

γ	


Cosmic Ray Physics in the Hillas Plot 

Jem-Euso 

Text 

AMS 



10 SCIENCE AND ROBOTIC EXPLORATION

European Space Sciences Committee 
Oslo, June 12–13, 2012 

Where Cosmic Rays comes from ? 
e.g. out!ows from central black holes in AGNs 

ESA, AOES Medialab 



11 SCIENCE AND ROBOTIC EXPLORATION

European Space Sciences Committee 
Oslo, June 12–13, 2012 

Centaurus A: the nearest AGN 

Visible image of Centaurus A, NGC5128 / WFI on ESO/MPG 2.2m La Silla / ESO 



12 SCIENCE AND ROBOTIC EXPLORATION

European Space Sciences Committee 
Oslo, June 12–13, 2012 

Jets and out!ows from the Cen A black hole 

XMM-Newton X-ray composite of Cen A, 0.5–0.75 keV cyan, 0.75–1.6 keV blue, 1.6–4 keV purple / EPIC / ESA 



13 SCIENCE AND ROBOTIC EXPLORATION

European Space Sciences Committee 
Oslo, June 12–13, 2012 

Jets and out!ows from the Cen A black hole 

XMM-Newton X-ray + Herschel PACS + SPIRE far-IR (yellow, red) / Wilson / ESA 



BESS 

HEAT 

Data from  
Space  

 Atmosphere and  
Ground based   
experiments  



ApJ 457, L 103 1996 
ApJ 532, 653, 2000   

arXiv:0810.4994, PRL, 
 NJP11,105023 

arXiv:0810.4995, 
Nature, Astrop. Phys 

Science 2011 
arXiv:1103.4055  

arXiv:0708.2587 
 2008AdSpR..41..168C 
2008AdSpR..41.2037D 
2008AdSpR..41.2043C 

Pamela results  

Prl in press 

Text Text 

Cosmic Rays in 2012 

Text 



PAMELA 



MARIE  
2001 Odyssey  

Spacecraft 

COSMIC  RAYS  ON  MARS  
MAGNETOSPHERE  



MARIE Instrument 



Cosmic Ray	

 Isotope 	


Spectrometer 	

(CRIS)	




• Launched August 25, 1997	


• In orbit around L1 point.	


• Elements, isotopes, and charge 
states  Z = 1 – 30	


• Energies from ~10 eV/n    (solar 
wind) to ≥500 MeV/n (galactic)	


• > 100 cm2 sr	




Flux Comparison with ACE/CRIS 

“Mars orbit flux data and near Earth flux data  
agree within the experimental errors” 

  input to dose calculation on Mars surface (weak Bfield)  



Similarity between solar system and source  samples 
can be understood in terms of acceleration of CR refractories  

out of a well mixed  sample of interstellar matter 



Cosmic Ray Composition 
(low energy) 



Antiprotons in cosmic rays 



Discovery of antiprotons in CR, 1979 

•  p/p ratio 
6 x 10-4 

•  2-5 GeV 

Bogomolov, E.A. et al. 1979, Proc. 16th ICRC, Kyoto, 1, 330, 
“A Stratospheric Magnetic Spectrometer Investigation of the Singly Charged Component 
 Spectra and Composition of the Primary and Secondary Cosmic Radiation” 

From  
Robert E. Streitmatter  



BESS 
~1 GeV 

BESS   



BESS 
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BESS  Abe et al .  arXiv:1107.6000v2 





Donato et al.  
(ApJ 563 (2001) 172) 

Ptuskin et al. 
(ApJ 642 (2006) 
902) 

        PRL. 105, 121101 (2010)    



Trapped proton flux in the Van Allen belt  
        (South Atlantic Anomaly) 

Integral Pamela flux 
 (E>35 MeV)  
(PSB97 plot by SPENVIS 
project, model by BIRA-IASB) 

A γ0 γ1 χ2/ndf 

nero 0.11±0.01 6.0±0.4 3.1±0.5 7.1 

rosso (2.3±0.3) 10-2 5.9±0.5 2.6±0.6 6.8 

verde (5±3) 10-4 8.1±1.8 4.7±1.8 10. 

Turquoise  0.3 G   < B  
Yellow   0.22 G < B < 0.23 G 
Blue   0.21 G < B < 0.22 G 
Green   0.20 G < B < 0.21 G 
Red   0.19 G < B < 0.20 G 
Black             B<0.19 G   

P/
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m
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 s)

 Trapped 

Galactic 

GeV 

Arxiv 0810.4980v1 



Trapped antiprotons 

ApJL 2011 





Moon	  shadow 
ARGO	   

<E>	  =	  1.4	  TV 
Large	  sta<s<cs	  	  

Moon	  /Sky	  =	  6	  10-‐5	  

AMS	  	  lower	  sta<s<cs	  but:	  
• likely	  beLer	  angular	  resolu<on	  
• May	  	  exploit	  <E>	  =	  100	  GV	  





Cosmic Ray Spectrum 
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Proton and Helium 
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Electrons and Positrons 
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ATIC   

0.1 – 10 TeV 

CR Composition  
and Spectra  < 10TeV 





Positron flux 



Positron to Electron fraction : the   PAMELA result 

Secondary 
production 
Moskalenko & 
Strong 98 

Adriani et al, Nature 458, 697, 2009  and Astropart. Phys. 34 (2010) 
1 









A Challenging Puzzle for Dark Matter 
Interpretation 



Launch of AMS-02 
on STS-134 
May 16th  27th,  2011 @ 08:56 AM 





AMS data: He rate 

103 

Polar region 

Equatorial region 

Quiet period 
Solar Flare, 24/1/2012 

R. Battiston   Irsee 2012 



Z	  =	  7	  (N)	  
P	  =	  2.088	  TeV/c	  	  

Z	  =	  10	  (Ne)	  
P	  =	  0.576	  TeV/c	  	  

Z	  =	  13	  (Al)	  
P	  =	  9.148	  TeV/c	  	  

Z	  =	  14	  (Si)	  
P	  =	  0.951	  TeV/c	  	  

Z	  =	  15	  (P)	  
P	  =	  1.497	  TeV/c	  	  

Z	  =	  16	  (S)	  
P	  =	  1.645	  TeV/c	  	  

Z	  =	  19	  (K)	  
P	  =	  1.686	  TeV/c	  	  

Z	  =	  20	  (Ca)	  
P	  =	  2.382	  TeV/c	  	  

Z	  =	  21	  (Sc)	  
P	  =	  0.390	  TeV/c	  	  

Z	  =	  22	  (Ti)	  
P	  =	  1.288	  TeV/c	  	  

Z	  =	  23	  (V)	  
P	  =	  0.812	  TeV/c	  	  

Z	  =	  26	  (Fe)	  
P	  =	  0.795	  TeV/c	  	  

AMS data: Nuclei in the TeV range 

R. Battiston   Irsee 2012 



1.03 TeV electron 
front 
view 

205 GeV positron 

TRD: identifies  
electron 

Tracker and Magnet:  
measure momentum 

front 
view 

ECAL: identifies electron and 
measures its momentum 

RICH charge of 
electron 

front 
view 

front 
view 

369 GeV positron 424 GeV positron 

AMS data: High energy e± 

R. Battiston   Irsee 2012 
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AMS data on ISS  
1 TeV 

The Origin of Dark Matter 
The physics of AMS include: 



Detection of High Mass Dark Matter from ISS 
MC simulations 

AMS-02 

e+ Energy (GeV) 

e+
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mχ=400 GeV mχ=200 GeV 

mχ=800 GeV 

Events sample in first weeks 

Collision of Cosmic Rays 
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Particle energies observed in space by AMS-02 are  
               already  higher than at LHC detectors  

Today :  
max Pt  = 250 GeV  

Later :   
max Pt  = 500 GeV 



……… the knee and above  



The	  ARGO-‐YBJ	  experiment	  



MGRO  J2031+41 

MGRO  J1908+06 

MGRO  J2019+37 ? 

Cygnus region 

Abdo et al., 2007 

ARGO-YBJ 
  ~1 TeV 

2006.7~2011.1 

Milagro  
~20 TeV 

2000~2006 



Large scale CR anisotropy vs energy
0.9 TeV!

1.5 TeV!

2.4 TeV!

3.6 TeV!

7.2 TeV!

18.3 TeV!

ARGO-YBJ 2011!

 The tail-in broad structure appears to 
dissolve to smaller angular scale spots.!

B. D’Ettorre Piazzoli ICRC  2011 - Beijing  48





Auger Observatory 

Inauguration October 2008 

More than 1600 surface detectors covering   
an area of 3000 km2  plus 24 fluorescence 
detector  

























UHECR events 

Auger, in the data release at the end of  2007, recorded 27 events with energy above 
E>57EeV. 

The future   ?   

Jem EUSO on the ISS  
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Conclusions	  
•  One	  century	  a`er	  their	  discovery,	  Cosmic	  Rays	  
are	  s<ll	  a	  very	  ac<ve	  area	  of	  research	  

•  Many	  ques<ons	  about	  their	  origin,	  composi<on,	  
spectrum	  remains	  

•  Very	  powerful	  detectors	  have	  been	  developed,	  
contribu<ng	  to	  impressive	  improvements	  in	  
experimental	  accuracy	  

•  S<ll,	  the	  experimental	  ingenuity	  is	  challenged	  to	  
answer	  some	  of	  the	  most	  difficult	  ques<ons	  

•  Exactly	  as	  it	  was	  for	  Hess,	  100	  years	  ago	  


