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1) Experimental techniques for CR observations: 
direct (balloon-borne, satellite-based) & indirect 
or ground-base (EAS arrays, ČD, FD, Radio)     

2) Energy spectra (both total and partial)
3) Mass composition (varies with energy)
4) Anisotropy
5) Hadronic Interactions (derived from comparison 

of experimental data with     Monte Carlo 
simulations)

6) CR Origin: sources, acceleration, propagation  
(messengers of High Energy Universe)

High energy CR phenomenon
or what are CRs of high energy? –

charged particles (protons & nuclei) travelling in outer space 
and sometimes arriving at the Earth
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Energy Spectrum of Cosmic Rays

10 20 eV

・ proton, nucleus
・ isotropic arrival（~0.1%）

LHC beam

Primary cosmic rays:

~100 Hz/m2

~1 / (100 km2 Year)

~1 particle/m2/second

knee
~1 particle/m2/year

~1 particle/m2/year
ankle

Isotropization during transport
Larmor radius 
RL = E/QB ~ 0.4(A/Z)E(PeV/nuc)/B(3µG) pc

~ 100 E(1020 eV) / ZxB(nG) Mpc



Introduction 
to nuclear-electromagnetic 

cascade theory in 
application to the air 

absorber



Место для уравнения.

𝑑𝑑𝑁𝑁
𝑑𝑑𝐸𝐸

~𝐸𝐸−γ, γ~2.7





H = 1035 g/cm2

~ 12 λint
~ 30 X0

Typical size of an air shower:
at E0 ~ 1013 eV   R ~ 20 m
at E0 ~ 1020 eV   R ~ 7 km















KArlsruhe Shower Core and Array DEtector
Simultaneous measurement of
electromagnetic,
muonic,
hadronic
shower components
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Simultaneous measurement of
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hadronic
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Место для уравнения.

σx ~ 10 – 12 cm σθ ~ 1° – 3°









ИЗМЕРЯЕМЫЕ 
ХАРАКТЕРИСТИКИ И 
ПАРАМЕТРЫ ШАЛ



КОНЦЕПЦИЯ KASCADE-GRANDE





Molier radius rM ≈ 0.25 X0 ~ 80 m for e±







YangBaJing Observatory 
and its Experiments

– Located at an elevation of 4300 m
(Yangbajing , China)

– Atmospheric depth 606g/cm2

– Wide field of view
– High duty cycle (>90%)

ARGO
Experimental
Hall

ASγ air shower array



3,600m2 (in area)
Tibet-HD Tibet array: ~250 x 250 m2 

HD:      60 x 60m2

Tibet-III: ~150x150 m2

Tibet-III

Tibet-HD

Operation Time Live Time
Selected
Events

Mode 
Energy

Resolution
(@3TeV) Area

Tibet-
HD 1997.2~1999.9 555.9 days 1.5×109 ~3TeV 0.9o 3600m2

Tibet-III 1999.11~2001.5 456.8 days 5.5×109 ~3TeV 0.9o 22050m2

Tibet Air Shower Array



Resistive Plate Chambers carpet



,

Central carpet:
78 x 74 m2

(95% of active surface)

Single layer of RPCs detectors

Trigger  requirement: 
at least 20 particles on the carpet



Fig. 1. Proton spectrum obtained by Tibet Hybrid Experiment and direct observations. 
Solid line is the broken power law spectrum with εb= 7×1014 eV and Δγ= 0.4. 







NOBEL PRIZE WINNERS OF LPI

Discovery and explanation 
of Cherenkov effect

Quantum electronics
& Lasers

Theory of 
superconductivity



The Pierre Auger Observatory







12 m2 mirror                      440 photo multiplier











Results of air shower experiments 



Possible reasons for the knee:
1) maximum energy attained during acceleration process 

in galactic sources
𝑬𝑬𝒎𝒎𝒎𝒎𝒎𝒎𝑺𝑺𝑺𝑺 ~ Z· R· B ~ Z ·1015 eV

2) Leakage from Galaxi – propagation effect
𝑬𝑬𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌 ~ Z 
+ anisotropy of arrival directions of CR (more

particles from the direction of Galactic plane)
3) Interaction with background particles

𝑬𝑬𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌 ~ A 
4) New physics in the atmosphere (change of hadronic 

interactions)

𝑑𝑑𝑁𝑁
𝑑𝑑𝐸𝐸

~𝐸𝐸−γ, γ1 ~2.7 at E0 < Eknee

γ2 ~3.1 at E0 > Eknee, Eknee = 4·1015 eV 

Origin of the knee









To solve the inverse problem the Kascade group applied 
unfolding procedure: strong Influence of hadronic 
interaction model 







SNR acceleration:
Sveshnikova++ 2003

Diffusion:
Kalmykov+JRH 2007

poly gonato ~Z

JRH, Adv. Space Res. 41 (2008) 442



SNR acceleration:
Sveshnikova++ 2003

Diffusion:
Kalmykov+JRH 2007

poly gonato ~Z

JRH, Adv. Space Res. 41 (2008) 442







Mean logarithmic mass derived from Xmax measurements



Mean logarithmic mass derived from the measurement of 
electrons, muons, and hadrons at ground level







CR energy spectra 
according to talks presented at 

ICRC 2015 



LHAASO – Hybrid

p/He spectrum bending below 1 PeV

ICRC2015: Z.Cao, 261
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ARGO-YBJ

p/He spectrum bending below 1 PeV

• benefit of analog charge
• readout very close to the core

ICRC2015: I. De Mitri, 366



p/He spectrum bending below 1 PeV

ARGO-YBJ
• benefit of analog - bayesan
• readout very close to the core



ARGO-YBJ

ICRC2015: I. De Mitri, 366

700 TeV



KASCADE/KASCADE-Grande
Above the knee



ARGO-YBJ

p/He spectrum bending below 1 PeV

• benefit of analog charge
• readout very close to the core ICRC2015: P. Montini, 371



MY KIND WISHES FOR SUCCESSES IN EDUCATION 

AND RESEARCH !!!
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