


A Century of Cosmic Rays 
•  Victor Hess ascended to 5000 m in a balloon in 1912 

•  ... and noticed that his electroscope discharged more rapidly 
as altitude increased 

•  Not expected, as background radiation was thought to be 
terrestrial. Extraterrestrial origin, confirming previous hints 
by Theodore Wulf and Domenico Pacini 

• 1934: CR association to SNe proposed on energetic grounds 
(Baade and Zwicky) 

o Almost 80 years later evidence is still circumstantial  
 

• Late 70’s: Diffusive shock accelerations is proposed 
(Krymskii 77, Bell 78) 

Kolhorster 1914	




Cosmic Rays 
main questions 

•  Where do they come from? à  SOURCES 
•  How and where they are getting accelerated? à ACCELERATION 
•  How do they propagate through the interstellar medium? à PROPAGATION 
•  Are they galactic or also extragalactic? à TRANSITION 
•  What kind of interaction do they undergo? à INTERACTIONS 
•  What role do they play in the energy budget of the interstellar medium?  
•  Do we find hints of the on exotic particles as relic from the early Universe, as 

antimatter and dark matter? 



Isotopic 
composition  

Solar Modulation  

Antimatter 
Dark Matter 

 PAMELA, AMS, BESS 
Elemental  

Composition 
ISS/CREAM-CALET 
DAMPE-Gamma400 

Extreme Energy CR 
AUGER, TELESCOPE ARRAY, JEM-EUSO  



 
 Space Missions and LDBF 

PAMELA 
2006- 

AMS-02 
2011- 

BESS 
2004-2007 x3 

Fermi/GLAST 
2008- 

ATIC 
2002 – 2007 x3 

   Aldo Morselli,  INFN Roma Tor Vergata ! 13!

AGILE 
2007- 

CREAM 
2004-2010 x6 



• Cosmic Ray Protons and Helium 



CR HYDROGEN AND HELIUM 
 

PAMELA 

CREAM 

SPECTRAL BREAKS AT ~200 GV 
 
SPECTRUM OF He HARDER THAN H 



FOR PROTONS: 
 
 
 
 
 
 
FOR HELIUM: 

�80�232GV = 2.85± 0.015(stat)± 0.004(syst)

�>232GV = 2.67± 0.03(stat)± 0.05(syst)

�80�240GV = 2.766± 0.01(stat)± 0.027(syst)
�>240GV = 2.477± 0.06(stat)± 0.03(syst)



γ30- 1000GeV, p = 2.782 +- 0.003 (stat) 
   +- 0.004 (syst) 

  
γ15-6 00GeV/n, he = 2.71 +- 0.01 (stat) 

       +- 0.007 (syst) 
  

Excellent overlap with 
previous experiments 
 
 BESS (ICRC974)  
 
Bridge with ATIC & 
CREAM toward high 
energy  

Break in the spectral 
index at 240 GV seems to 
point at  additional 
component 



SPECTRAL ANOMALIES IN GALACTIC 
COSMIC RAYS 

 
 
THE HARDENING IN THE SPECTRUM OF PROTONS AND HELIUM NUCLEI AT 
~200 GV (AND POSSIBLY OTHER NUCLEI AS WELL) IS PUZZLING AND MAY BE 
SUGGESTIVE OF SOME INTERESTING PHYSICS: 
 
ª  LOCAL ENVIRONMENT 

ª  ACCELERATION PHYSICS  

ª  ANOMALIES IN THE DIFFUSIVE TRANSPORT 

P. Blasi – ICRC 2013 



BUT… AMS-02 RAISES A  
PROBLEM IN THIS SECTOR 



AMS-02 Data 

Pamela Data 

Rigidity (GV) 

Search for structures 
Proton flux 



R (GV) 
To be presented by V. Choutko (8 July, ICRC) 

Helium flux 
Search for structures 

AMS-02 Data 
Pamela Data 



Proton and Helium Nuclei Spectra



What’s	  happening?	  Systema1cs?	  Sta1s1cs?	  	  
How	  to	  solve	  this	  “tension”	  ?	  
Not	  only	  AMS	  vs.	  PAMELA	  but	  also	  vs.	  other	  	  
experiments	  (BESS,	  CREAM,	  ATIC	  	  etc.)	  
	  
The	  game	  is	  in	  progress	  –	  Careful	  review	  of	  data	  
	  

	   	   	   	   	   	  Stay	  tuned!	  

The	  break	  of	  the	  CR	  spectrum	  of	  p	  and	  He	  	  



Cosmic Ray Electrons 



Electrons can tell us about local GCR sources 

•  High energy electrons have a high energy loss rate ∝ E2 

o  Lifetime of ~105 years for >1 TeV electrons 
•  Transport of GCR through interstellar space is a diffusive process 

o  Implies that source of high energy electrons are < 1 kpc away 

Only a handful of SNR meet 
the lifetime & distance 
criteria 

Kobayashi et al., ApJ 601 
(2004) 340 calculations 
show structure in 
electron spectrum at 
high energy 

J. P. Wefel, TevPA 2011, Stockholm (2011) 



Theoretical uncertainties on “standard” 
positron fraction 

FERMI e+ + e- flux (2009) 

Electron Spectrum 

e+ + e- 

e- 

GALPROP 



The ATIC “bump” in the all-electron spectrum



Click to edit Master text 
styles

Reply from FERMI

FERMI does not confirm the ATIC bump but finds an excess wrt conventional 
diffusive models (SEE TALK BY SGRO’ soon)

γ = 3.0







Astrophysical Explanation: 
Pulsars 

•  Mechanism: the spinning B of the pulsar 
strips e-  that accelerated in the outer 
magnetosphere emit  γ that produce e±. 
But pairs are trapped in the cloud. After 
(4-5)x104 years pulsars leave remanent 
and pairs are liberated (e.g. P. Blasi & E. 
Amato, arXiv:1007.4745). 

 
•  Young (T < 105 years) and nearby (< 1kpc)  
•  If not: too much diffusion, low energy, too 

low flux. 

•  Geminga: 157 parsecs from Earth and 
370,000 years old 

•  B0656+14: 290 parsecs from Earth and 
110,000 years old. 

 
•  Not a new idea, e.g.: Harding & Ramaty, 

ICRC 2 (1987), Boulares, ApJ 342 (1989), 
Atoyan et al. PRD 52 (1995)  

CRAB NEBULA 



 
 
 
 
 

Need of measurements above 1 
TeV for electrons 

 
Planned missions à 
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CALorimetric Electron Telescope (CALET)
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DAMPE: DArk Matter 
Particle Explorer 



DAMPE: One of the Five Approved 
Satellite Missions of the Chinese 

Academy of Sciences 

•  Hard X-ray Modulation Telescope (HXMT) 
•  Quantum Science Experimental Satellite 
•  Dark Matter Particle Detection Satellite (DAMPE) 
•  Retrievable Scientific Experimental Satellite 
•  Kuafu Space Weather Project (3 satellite) 



Top	  scin1llators	  
Si	  tracker	  (5	  layers)	  
BGO	  calorimeter	  
Neutron	  detector	  

DArk Matter Particle Explorer (DAMPE) satellite 
Energy range: 1 GeV-10 TeV 
Particle type: electron, gamma-ray, heavy ions 
Energy resolution: 1.5%@800GeV 
Spatial resolution: 0.1degree@500GeV 
Background level: 1%@800GeV 
p/e separation: <1% 
GF: 0.5m2.sr 

•  Satellite	  <	  1900	  kg	  
•  Payload	  ~1340kg	  
•  Power:	  840W 
•  Life1me	  >	  3	  years	  



DAMPE	  Mission	  
o  Approved	  for	  construc/on	  (phase	  C/D)	  in	  Dec.	  2011	  	  
o  Scheduled	  launch	  date	  2015	  
o  To	  be	  Launched	  by	  CZ-‐2D	  rockets	  	  

17/10/12 

•  Al/tude	  500	  km	  
•  Inclina/on	  97.4065°  
•  Period	  90	  minutes	  
•  sun-‐synchronous	  orbit	  



The DAMPE Collaboration  

o Purple Mountain Observatory, CAS, Nanjing 
o  Institute of High Energy Physics, CAS, Beijing 
o National Space Science Center, CAS, Beijing 
o University of Science and Technology of China, Hefei 
o  Institute of Modern Physics, CAS, Lanzhou 
o University of Geneva, Switzerland 
o  INFN Perugia, Italy 
o  INFN Bari, Italy 



Cosmic Ray Antimatter (antiparticles) 
 

  Indirect search for Dark Matter 



Positron Energy Spectrum 

Moskalenko & 
Strong 98
Secondary 
production

T. Delahaye et 
al., A&A 524 
(2010) A51
Secondary & 
Seconday+Pri
mary
productions 
(from 
Astrophysical 
Sources)

D. P. Finkbeiner et 
al., JCAP
1105, 002 (2011).
Secondary+
primary 
production (from 
dark matter 
annihilation
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AMS-02 (6.8 million e+, e− events) 
The positron fraction is steadily increasing from 10 to ~250 GeV 
From 20 to 250 GeV, the slope decreases by an order of magnitude 
No structure in the spectrum 



PAMELA, AMS and FERMI Positron Fraction  
Compared to Expectation 

. 





PAMELA Antiproton energy spectrum 
Donato et al. - ApJ 563 (2001) 172 

Ptuskin et al.  
ApJ 642 (2006) 
902 





M. Schumann (AEC Bern) – Dark Matter Summary
33

    Indirect Detection



But antiprotons 
in CRs are in 
agreement with 
secondary 
production 

A Challenging Puzzle for CR Physics 

Donato et al. 
(PRL 102 (2009) 
071301) 

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

Simon et al. (ApJ 499 (1998) 250) 

CR Positron spectrum 
significantly harder than 
expectations from 
secondary production  
Moskalenko & Strong 
98 



M. Schumann (AEC Bern) – Dark Matter Summary
45

Review: CR Antiparticles
1284: Mirko Boezio

arXiv:1304.4128

●
 Dark matter 

interpretation of the 

positron excess is 

possible

 

●
 In conflict with the 

non-observation of an 

excess in anti-proton 

data

→ would need 

leptophilic dark matter

 

●
 Pulsars might be the 

better explanation at 

the moment  
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What	  about	  heavy	  an/nuclei?	  
•  The	   discovery	   of	   one	   nucleus	   of	   an/maJer	   (Z≥2)	   in	   the	  

cosmic	   rays	   would	   have	   profound	   implica/ons	   for	   both	  
par/cle	  physics	  and	  astrophysics.	  

	  

–  For	  a	  Baryon	  Symmetric	  Universe	  Gamma	  rays	  limits	  put	  
any	  domain	  of	  an/maJer	  more	  than	  100	  Mpc	  away	  	  

	  	  	  	  (Steigman	  (1976)	  Ann	  Rev.	  Astr.	  Astrophys.,	  14,	  339;	  Dudarerwicz	  and	  Wolfendale	  

(1994)	  M.N.R.A.	  268,	  609,	  A.G.	  Cohen,	  A.	  De	  Rujula	  and	  S.L.	  Glashow,	  Astrophys.	  J.	  
495,	  539,	  1998)	  
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Limits on antimatter (antiHe and antiD)
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45 

Cosmic Rays 

of Extreme Energies







	  
	  

The	  main	  topics	  of	  UHE	  Cosmic	  Rays	  
	  
-‐  Anisotropies	  
-‐  Composi1on	  
-‐  Interac1on	  Processes	  on	  Cosmic	  backgrounds	  
-‐  Magne1c	  Fields	  
-‐  Galac1c	  to	  Extragalac1c	  Transi1on	  
-‐  Accelera1on	  Mechanisms	  
-‐  Sources	  





THE SPECTRUM OF COSMIC RAYS 

KNEE TRANSITION 
??? 
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From Gaisser et al. 2013 



Spectrum around the Knee

ICRC 2013 Template
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013
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WFCTA-ARGO P+He
ARGO P+He
CREAM P+He
CREAM P
CREAM He

KASCADE P+He QGSJET
KASCADE P+He SIBYLL
Tibet-Phase II P+He QGSJET
Tibet-Phase II P+He SIBYLL
Tibet-2000 P QGSJET+HD
Tibet-2000 P QGSJET+PD

Fig. 3: Light component spectrum from 100 TeV to 800 TeV
measured by the WFCTA-02 telescope and the ARGO-YBJ
detector is shown in the solid red square. CREAM results
and the other ground based experiments results are also
shown. Results are consistent with the ARGO-YBJ previous
results and extent the spectrum up to 800 TeV. Systematic

uncertainty is also indicated by the aqua shadow.

position models (1.0%) and calibration (5.6%) are studied
in the energy determination section. After consider all the
above effects, the total systematic uncertainty in the energy
scale is estimated to be ⇠ 9.7%.

The systematic uncertainty caused by the light compo-
nent selection efficiency is about 14.9% of the absolute flux.
The systematic uncertainty due to the data quality selection
cutoffs: space angle a , geometric constraints and multiplic-
ity is about 3% of the absolute flux. The systematic uncer-
tainty on the absolute flux caused by the uncertainties in
the energy scale is about 17.0% when the energy spectrum
index of -2.69 is considered. After taking the all above ef-
fects into account, the overall systematic uncertainties on
the absolute fluxes is about 22.8%, which is indicated by
the aqua shading in Fig.3.

7.3 Comparison with other experiments
The light component energy spectrum measured by WFCTA
and ARGO-YBJ hybrid experiment is consistent with the
previous measurement [2] with the ARGO-YBJ array alone
in the overlap energy region from 100 TeV to 200 TeV. The
flux difference is less than 2s .

The new result extends the energy spectrum of protons
and helium nuclei up to 800 TeV with a spectral index
of -2.69±0.06 . According to [2], the energy spectrum
of protons and helium is also a power law without any
significant structure. The spectral index is -2.61±0.04 from
5 TeV to 200 TeV. They are slightly different but are
within 2s . Combining both results, the spectrum can still
be described by a simple power law.

In a similar energy range, from 200 TeV to 1000 TeV, the
Tibet air-shower experiment obtained the energy spectrum
of protons, and the primary helium spectrum at particle en-
ergies of around 1000 TeV [17]. By estimating the spec-
tral index to be around -2.97±0.06, the Tibet air-shower
experiment claimed that the proton spectrum was probably
being bent at an energy of around 100 TeV if the measured
spectrum has to be connected with the existing direct mea-
surements at lower energies.

Further extension to the “knee” region is the importan-

t goal of energy spectrum measurement using the hybrid
technique. Comparisons with other ground-based experi-
ments, such as KASKADE [19] and the Tibet air-shower
experiment [20], are crucial to clarify the inconsistencies
among them.
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J. Huang  (ICRC2013,  Brazil)   

Primary (P+He) spectra obtained by (YAC1+Tibet-III) 
1047 Huang, YAC+Tibet-III, p + He
1049 Huang

1

Zhen Cao for the ARGO-YBJ collaboration

Institute of High Energy Physics, Beijing, China

ARGO-YBJ
a multipurpose astroparticle experiment

33rd INTERNATIONAL COSMIC RAY CONFERENCE, Rio de Janeiro, Brasil, July 2013

Thank you for your 
attention !! 
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KASCADE-Grande

8Andreas Haungs for KASCADE-Grande

KASCADE-Grande: spectrum of light primaries

Phys.Rev.D (R) 87 (2013) 081101
S.Schoo ICRC2013 4/7

Î hardening at 1017.08 eV  
(5.8V) in light spectrum

Î slope change from
J

 
= -3.25 to J

 
= -2.79!

QGSJET II 

0300 Haungs, 0527 Schoo
0196 Bertaina, 0531 Fuhrmann,
0517 Toma, 0521 Kang,
0092 Chiavassa

• Mass group separation by Nch, Nµ

• Heavy knee
• Light ankle Andreas Haungs for KASCADE-Grande 1

KASCADE-Grande 
…from PeV to EeV: investigating the knee(s)

observation of a „light“ ankle at 1-2·1017 eV

CR-EX #0300

14





 UHECR Physics – The main questions 
 
-  Spectrum features - GZK effect? 
- Sources? 
- Mass composition? 
- Anisotropy? 
 





���
Current Observatories of ���

 Ultrahigh Energy Cosmic Rays 


Pierre Auger  
Observatory 

Mendoza, Argentina 
(19 country 

collaboration) 
3,000 km2 array	

4 fluorescence telescopes	

 	


Telescope Array 
Utah, USA 
(5 country 
collaboration) 
 700 km2 array	

3 fluorescence 	

telescopes	




The Pierre Auger Observatory!
Argentina!
Australia!
Brasil!
Bolivia* !
Croatia!
Czech Rep.!
France " " !
Germany !
Italy !
Mexico !
Netherlands!
Poland!
Portugal "!
Romania* !
Slovenia                      !
Spain !
UK"!
USA !
Vietnam* !
*Associate Countries!

3,000 km2 water cherenkov 
detectors array!
4 fluorescence Telescopes!
Malargue, Argentina!

see Kampert  
+Parallel sessions 



The Telescope Array!

Belgium !
Japan !
Korea!
Russia "!
USA !

680 km2 scintillator array !
3 fluorescence Telescopes!
Utah, USA !

see Tsunesada  
Parallel sessions (Evolution of Hi-Res) 



A key result of Auger South and HiRes 
The Auger Collaboration  (2008a), Abbasi et al. (2008), Bergman (2008), Fukushima (2011) 

Observation of a “flux suppression” in the spectrum: 
GZK feature (?) 

€ 

γ 3 = 4.3± 0.2

€ 

γ 2 = 2.59 ± 0.02

€ 

γ1 = 3.26 ± 0.04



TA

Recently confirmed by Telescope Array 



How to find the Sources?


GET A LOT MORE DATA above 60 EeV

OVER THE WHOLE SKY 





59 

Auger + TA ~30 events/yr 



1 EeV = 1018 eV

 



UHECR status in just one word 

€ 

Previous to Auger/HiRes/TA After Auger/HiRes/TA 





- increase exposure to EECR at least by 1 order of 
magnitude

- discover the nearby sources of UHECRs




JEM-EUSO Mission

pioneer the study of EECR from Space 




Science Objectives 
q  Main Objectives：  

 Astronomy and astrophysics through particle 
channel with extreme energies > 1020 eV 

q  Identification of individual sources with high statistics  
q  Measurement of the energy spectrum of individual sources 
q  Understanding of the acceleration processes and source 

dynamics 

q  Exploratory objectives：  
q  Detection of extreme energy neutrinos 
q  Measurement of extreme energy gamma rays 
q  Study the intensity and topology of  Galactic and extragalactic 

magnetic fields 
q  Global observation of atmospheric phenomena: nightglows, 

lightning and plasma discharges 



JEM-EUSO Collaboration 
 
q  Japan, USA, Korea, Mexico, Russia 
 
q  Europe: Bulgaria, France, Germany, Italy, Poland, Slovakia, 

   Spain, Sweden, Switzerland 
q Africa: Algeria 

q 15 Countries, 75 Institutions, about 300 researchers 

q  RIKEN, Tokyo: Leading institution 

 



JEM-EUSO Observational Principle  

JEM-EUSO telescope observes 
fluorescence and Cherenkov photons 
generated by air showers created by 
extreme energetic cosmic rays 

JEM-EUSO is a new type of observatory 
on board the International Space Station 
(ISS), which observes transient luminous 
phenomena occurring in the Earth's 
atmosphere. 
 
The telescope has a super wide field-of-
view (60°) and a large diameter (2.5 m) 
and can operate in two modes: nadir and 
tilted 
 
JEM-EUSO mission will initiate particle 
astronomy at ~1020eV. 

Extreme 
Energetic 
Cosmic  
Rays 



1. Monitored area  

Ageo
Nadir ≈1.3×105  km2

Two advantages:  

JEM$EUSO: Extreme Universe Space Observatory onboard Japanese Experiment Module  

 
 

~ 4 ~ 

JEUSO-110025-01-E-TR-ZZZ 

since the mean distance to EAS and atmospheric absorption both increase. First few years of the 
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Figure 1-2. Artistic illustration of the JEM-EUSO telescope attached to the Japanese Experiment Module of the 
International Space Station, under nadir (left) and tilt (right) mode of observation. 

The JEM-EUSO telescope can reconstruct the incoming direction of the EECRs with accuracy 
better than few degrees. Its observational aperture of the ground area is a circle with 250 km 
radius, and its atmospheric volume above it, with a 60° FoV, is ~1 Tera-ton or more. The target 
volume for upward neutrino events exceeds 10 Tera-tons. The instantaneous aperture of JEM-
EUSO is larger than the Pierre Auger Southern Observatory by a factor ranging from 65 to 280, 
depending on its observation mode (nadir or tilted, Fig.1-3). 

JEM-EUSO, planned to be attached to JEM/EF of ISS, will be launched  in the JFY 2016 by 
H2B rocket and conveyed to ISS by HTV (H-II transfer Vehicle). 

 

 
Figure 1-3. Area observed by the JEM-EUSO telescope in one shot under 
�����
�������������	���
���	� mode.  

  

Ageo
Tilted ≈1.×106  km2[@40°]

JEM$EUSO: Extreme Universe Space Observatory onboard Japanese Experiment Module  
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since the mean distance to EAS and atmospheric absorption both increase. First few years of the 
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Figure 1-2. Artistic illustration of the JEM-EUSO telescope attached to the Japanese Experiment Module of the 
International Space Station, under nadir (left) and tilt (right) mode of observation. 

The JEM-EUSO telescope can reconstruct the incoming direction of the EECRs with accuracy 
better than few degrees. Its observational aperture of the ground area is a circle with 250 km 
radius, and its atmospheric volume above it, with a 60° FoV, is ~1 Tera-ton or more. The target 
volume for upward neutrino events exceeds 10 Tera-tons. The instantaneous aperture of JEM-
EUSO is larger than the Pierre Auger Southern Observatory by a factor ranging from 65 to 280, 
depending on its observation mode (nadir or tilted, Fig.1-3). 

JEM-EUSO, planned to be attached to JEM/EF of ISS, will be launched  in the JFY 2016 by 
H2B rocket and conveyed to ISS by HTV (H-II transfer Vehicle). 

 

 
Figure 1-3. Area observed by the JEM-EUSO telescope in one shot under 
�����
�������������	���
���	� mode.  

  



2. ISS Orbità Full sky Coverage… 

http://www.nlsa.com/ 

Inclination:  51.6° 
Height:    ~400km 

JEM-EUSO can observe the 
arrival direction of EECR very 
uniformly owing to the nature of 
the ISS orbit. 

… and uniform exposure 

4π  coverage



1 
MLinsley 

Why JEM-EUSO? Large exposure + Full sky coverage 
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“ISS Observatory for Particle Astrophysics” 

AMS Launch  
May 16, 2011 

JEM$EUSO: Extreme Universe Space Observatory onboard Japanese Experiment Module  

 
 

~ 4 ~ 

JEUSO-110025-01-E-TR-ZZZ 

since the mean distance to EAS and atmospheric absorption both increase. First few years of the 
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Figure 1-2. Artistic illustration of the JEM-EUSO telescope attached to the Japanese Experiment Module of the 
International Space Station, under nadir (left) and tilt (right) mode of observation. 

The JEM-EUSO telescope can reconstruct the incoming direction of the EECRs with accuracy 
better than few degrees. Its observational aperture of the ground area is a circle with 250 km 
radius, and its atmospheric volume above it, with a 60° FoV, is ~1 Tera-ton or more. The target 
volume for upward neutrino events exceeds 10 Tera-tons. The instantaneous aperture of JEM-
EUSO is larger than the Pierre Auger Southern Observatory by a factor ranging from 65 to 280, 
depending on its observation mode (nadir or tilted, Fig.1-3). 

JEM-EUSO, planned to be attached to JEM/EF of ISS, will be launched  in the JFY 2016 by 
H2B rocket and conveyed to ISS by HTV (H-II transfer Vehicle). 
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ISS-CREAM 
Sp-X Launch 2014 

JEM-EUSO  
Launch Tentatively  
planned for 2017 

CALET on JEM 
HTV Launch 2014 



 
Contribution of  gamma-ray 
experiments to Cosmic Ray 

research 
   (quick look)  



Nature’s HE γAccelerators


Extragalactic Galactic 

PSR J2021+3651 
0FGL J0634+1745 

Supernova  
remnants 
 

Unidentified 

Pulsar wind  
nebulae 
 

GR Pulsars 

Stellar  
clusters 
 Krennrich, Hoffman TeVPA09 



Gamma-Rays Eyes���



MAGIC 

HESS 

VERITAS 

IACT –  
Imaging Atmospheric  
Cherenkov Telescopes 
~1010 to <1014 eV 

Fermi 

HAWC




   Aldo Morselli,  INFN Roma Tor Vergata ! 36!

First evidence of proton acceleration in the 
Supernova Remnant W44 with AGILE 

                                   A. Giuliani et al.[AGILE Coll.], ApJ 742, 2011 



   Aldo Morselli,  INFN Roma Tor Vergata ! 37!

Detection of the Characteristic Pion-decay Signature  
in Supernova Remnants  

Direct evidence that cosmic-ray protons are accelerated in SNR  

M.Ackermann et al.[Fermi Coll.],Science 339 (2013) 80  [arXiv:1302.3307]   



Supernova Remnants Produce Cosmic Rays
http://www.nasa.gov/mission_pages/GLAST/news/supernova-cosmic-rays.html (02.14.13)

I “SNR paradigm”: Galactic Cosmic Rays accelerated in SNRs:
I provide environment for di↵usive shock acceleration, energetics ok;
I smoking gun: “pion bump” in gamma-ray emission.

I Fermi observations strongly disfavoring leptonic scenarios.

I Most of the gamma-ray emission must be of hadronic origin.

I (Di�cult measurement involving the study of extended sources at
low energies.)

Ronaldo Bellazzini (INFN–Pisa) Riunione CSN2, TrentoSeptember 23, 2013 15 / 24

FERMI 



Next Generation Gamma-ray Detectors




CTA: Cherenkov Telescope Array 






11/2010 

02/2012 

08/2012 

01/2013 

05/2013 

USA:  
16 institutions, 
57 people 
Mexico: 
15 institutions  
54 people



to be completed 
in Aug 2014




HAWC:




High Altitude

 


Water Cherenkov




Satellite 



GAMMA-400 

• Mission approved by ROSCOSMOS (launch 
currently scheduled by November 2018) 

• GAMMA-400 will be installed onboard the 
platform “Navigator” manufactured by Lavochkin 
– Scientific payload mass 4100 kg (rocket changed from 

Zenith to Proton-M) 
– Power budget 2000 W (like previously) 
– Telemetry downlink capability 100 GB/day 
– Lifetime a 10 yrs 

9/23/2013 V. Bonvicini - Riunione della CSN2 - Trento 3 



Activities in INFN Laboratori Nazionali di Frascati  
and Roma Tor Vergata  

on Cosmic Rays Research in Space and related 

•  Running Missions 
o  PAMELA 
o  FERMI (+INAF) 
o  AGILE (+INAF) 
 

•  Planned Missions  
o  CALET (ready to launch 2014) 
o  GAMMA 400 
o  JEM-EUSO (+INAF) 
o  CSES/LIMADOU 







Conclusions 

•  Cosmic-Ray/Astroparticle physics from 
space (and not only …) is a fascinating 
field, fertile and rich of scientific potentials. 

•  Several important esperiments are, or  
going to, directly measuring cosmic-ray 
energy spectra, their composition and 
their antimatter component. 

•  Important results have already been 
published and soon more will come. 

Stay tuned, interesting times ahead! 


