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We appreciate hard works 
of Prof. Karl-Heinz Kampert 
and LOC members   
to bring us together at CERN and 
talk about past, present and  
Future of UHECR research. 
It was not an easy task.  

UHECR 2012 LOC : M. Bertaina, J. Blümer, R. Engel, K.-H. Kampert,  
A. Letessier-Selvon, F. Najeh, B. Pattison,  J. Rautenberg, I. Tkachev 



Scope of the Workshop 

• Discuss the highlights and challenges of UHECR 
observations. 
 

• Prepare for a next-generation ground based 
giant detector. 
 

• Evaluate the complementarity of ground and 
space based observations. 
 

• Identify technological challenges and related 
R&D works. 

Composition (p/Fe),  N/S asymmetry,  
accuracy & statistics , Isotropy 

Whether can we afford one?   
Purpose, Design and who bears?   

Working in line with TUS & JEM/EUSO.  

Spectrum & its structure 

 How we proceed?   



Meeting at CERN: an ingenious idea. 
    international collaboration for 
     peace, unity and democracy 
 
Working group (wg) : very successful 
   by young scientists facing common problems.   
    open discussions. 

UHECR 2012 



Y. Tsunesada 

WG 
members 





Energy Rescaling Factor 



GZK? 
and 

Models 



Energy Spectrum 

1. Cutoff and dip established. 
2. Energy scale error ~20%. 
3. Power law fits agree among exp.. 
4. Spectral shapes seem differ 
     above 1019.5 eV 

•  Auger is based on muon (water tank) 
•  HiRes, TA and Yaktsuk are based on e/γ 
    (Air Fluor., plastic scint.) 
•  CIC, MC zenith att. By MC, calorimetry 
 



Possible Scenarios 

1. Extra-galactic proton with CMB interaction. 
2.                          Fe with EBL interaction. 
3. Acceleration limit for heavy nuclei. 
4. North-South asymmetry. 
5. etc. 

Composition (p/Fe) is the key issue. 
Underlying physics not identified. 



Are we really in-consistent?                                 P.Privitera 
Any physics/reason behind this agreement?    P.Sokolsky(?) 



Composition 







Composition 

Proton, Fe or mixed. 
North (p) vs South (Fe) asymmetry? 
Is it Nature or Detection Systematics?  

Dispute  ∝ 1 / reliability of results 

All groups are confident on the results. 
No need for disputes. 
We are ready proceed for solving the problem. 

e/γ  based μ  based 



Statistics E > 1018 eV Xmax meas. 

Spectrum meas. 

is the power! 



Anisotropy 

… 



UHE gammas and neutrinos 



UHE interactions 

σTOT  measurement by UHECRs. 
LHC data to understand Air Shower 

ESD = 1.3 ~ 2.0 x EFD 
Excess of ground  μ’s. 
Effect on Xmax and composition? 
Air shower at UHE is poorly understood, 
esp. muon (had) sector is un-healthy. 



1. What is UHECRs? 
2. Where are they born and how? 
3. How do they arrive at Earth? 
4. How are they observed?  
5. Underlying Basic Physics. 
6. Discovery of unknown Nature? 

UHECR research 

We are exploring the highest energy  
frontier of the Universe. Origin of UHE 
particles? Testing basic physics at UHE. 



1. What is UHECRs? 
2. Where are they born and how? 
3. How do they arrive at Earth? 
4. How are they observed?  
5. Underlying Basic Physics. 
6. Discovery of unknown Nature? 

Where are we now? 

• Remarkable advances in last 10 years. 
• We are about to answer Questions. 
• No way to give up this pursuit now. 
•  Better and Larger detector wanted. 



Future Research Directions 

“NGD” on ground : concept 

Radio detection : RDs 

TUS and JEM/EUSO in space : design 
 

LHC with ions : planned 

Next-generation Ground-based Giant Detector 

Please be warned that my summary may be biased and dogmatic. 



Event by event p/Fe 















NGD on ground : concept 
•  Collect max. info on UHE Air Showers. 
•  Understand Air Shower (UHE had. Int.) 
•  Measure event E, θ, φ and “p/Fe, γ/ν” 
•  Confirm UHECR sources and anisotropies 
•  with enough statistics  (for E>1019.5 eV) 

JEM/EUSO in space : design 
•  Realize max. acceptance on UHE primaries. 
•  All sky (N/S) uniform coverage 
•  Identify UHECR sources, and 
•  Measure spectrum for each source 
•  with large statistics 



In designing NGD 

Composition difference,  p(N) vs Fe(S) 
is to be understood, whether it is 
by nature or by detection problem. 

1. Select good composition technology for NGD. 
2. Aperture requirement depends on composition. 
3. If proven, it becomes a prime research target. 
4. Implications for UHE hadronic interactions. 
5. … 
 

e/γ based vs μ based 



Ground and Space 

•  If no NGD, we will not understand what is UHECR. 
•  If no JEM/EUSO, we will lose important future and hope. 

Radio RDs 
•  ~100% duty, economic and little atmosph. effect . 
•  E, θ, φ & composition determined better by radio? 
•  Research, or R > D stage 
•  SD x Radio hybrid? 



AF yield. 
Calib. tech. 

Cross Calibration 
        Project 

LHC  experim. 
fwd, nuc. coll… 

UHE ν’s 
GeV TeV γ’s 

Composition ? 
(UHE had int?) 

Results from 
Auger/HiRes/TA/YK 

Auger/TA 
exchange 

Air Shower MC 

RDs  for 
: NGD SD/FD 
: Radio Det. 

Design of NGD Max. info on UHE Air Showers 

Dev. of JEM/EUSO Max. aperture for UHE primaries 

Roadmap for Ground and Space Detectors 

2012 

2012 2017? 

2012 + N 

1 

2 
3 



NGD has been  
open, distributed and 

scalable.. 



Auger-TA exchange program  

•   Data Analysis 
•   Calibration 
•   Detectors 
•   Scientists 
•   etc. 

Proto-Collaboration of NGD  



A proposal : forming NGD wg  

•   Physics Objectives 
•   Conceptual Design as Hybrid Detector 
•   Role of Radio Detector 
•   Composition Technology, 
                  detector & data analysis. 
•   Aperture and calibration 
•   Detection of UHE γ’s and ν’s 
 

~5-year (?) time scale for design and RDs. 
Collaboration with space detector people. 

All wg activities are expected to continue  
after symposium. 



1 

2 

3 

4 



Prospects 

Despite different ideas on the 
interpretation of present observation, and 
different prospects for future, all 230+ 
physicists gathered here are convinced on 
the values of UHECR research, which we 
find interesting and rewarding. We proceed 
for future in collaboration. 



Prospects 

the international space station will advance it further.  
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