
100 Years of Cosmic Rays
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1965 — 1968
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1967 — 1987

1968 

1970

Chudakov et al:
First stereo Cherenkov
telescope

MA Markov:
Proposal of high-energy                                  
cosmic neutrino detection

Volcano Ranch EAS                                        
experiment              
 

A Penzias and R Wilson:
Discovery of the cosmic
microwave background 
radiation (CMB)

Kolar Gold Field and 
Case-Witwatersrand-
Irvine: Detection of 
atmospheric neutrinos 

Launches of Proton 1 — 4: 
Cosmic ray spectrum at 
1011 — 1015 eV 

K Greisen and 
G Zatsepin, V Kuzmin: 
GZK cutoff energy for                                      
cosmic particles

Haverah Park:
EAS cosmic particle array

Whipple collaboration:
First 10 m diameter 
Cherenkov telescope

Yakutsk:
EAS array in Siberia

A stereoscopic Cherenkov telescope system was installed on the Crimean Peninsula to 
improve the sensitivity to and the reconstruction of the shower as well as the direction of 
the primary high-energy gamma. Twelve telescopes, each  consisting of a container with 
a mirror and one photomultiplier, were installed on rails to vary the stereoscopic view. The 
sensitivity was low, but had they measured over several years, they might have been able 
to see the Crab Nebula.

Air Cherenkov light stereo telescope array 

The CMB radiation was detected by chance as Penzias 
and Wilson measured the background noise temperate of 
the Bell Labs horn-refl ector antenna between July 1964 
and April 1965. They found an excess temperature of 
3.5° K which was isotropic, unpolarised and independent 
of seasonal variations. Dicke, Peebles, Roll and Wilkinson 
interpreted this effect as the cosmic microwave back-
ground radiation. The CMB is a relict of the early universe, 
which was a hot, dense plasma of photons and elementary 
particles. At that time, the temperature was about 3000° K, 
which cooled down due to the expansion of the universe.                                                                                                                                   

The fi rst atmospheric neutrinos, decay products of pions 
or kaons produced in interactions of cosmic particles 
in the atmosphere, were detected by two groups. The 
Bombay-Osaka-Durham collaboration operated a visual 
detector in the Kolar Gold Field of India at a depth of 
7500 m water equivalent. 
The Case-Witwatersrand-Irvine group worked in a South 
African gold mine at a depth of 8800 m water equivalent. 
To reduce background muons, the detectors were set up 
to be triggered by horizontal muons.

For the fi rst time an ionisation calorimeter built by 
Moscow State University was installed in satellites. This 
allowed a direct measurement of cosmic particle spectra 
in the energy range of 1011 eV to 1015 eV below the “knee”.

The  prediction that the energy of cosmic particles from 
distant sources is limited to 5 x 1019 eV was made inde-
pendently by Greisen and by Zatsepin and Kuzmin.
Cosmic particles with higher energies interact with pho-
tons of the cosmic microwave background radiation be-
fore they reach the Earth.

To study EAS showers with energies from 1015 eV to 1020 eV, a 12 km2 array of water 
Cherenkov counters was built and operated by the University of Leeds. For the fi rst time, 
water Cherenkov counters were used. Together with Akeno in Japan, they found the 
“ankle” of the cosmic ray spectrum. The event with the highest energy was measured at 
8.28 x 1019 eV.  

Data-taking started in 1970 with a prototype array of 
13 scintillation counter stations. 
The array was extended in the following years. In addition 
to scintillation counters, air Cherenkov and muon detec-
tors were added. At 18 km2 it was at the time the largest, 
most complex array to measure the energy spectrum, the 
direction of primary particles and their mass composition 
in the energy range of 1017 eV to 1020 eV.   

Whipple telescope

Horn-refl ector antenna

Ionisation calorimeter

Scintillation and air Cherenkov counter station

Markov proposed installing arrays of photomultipliers in deep lakes or in the sea to search 
for rare neutrino interactions. In about two-thirds of the interactions, a muon is produced 
which carries most of the energy and direction of the neutrino.
Relativistic muons produce in water Cherenkov light which is detected by PMTs.  

An array of 19 scintillation detectors (3.26 m2 each) operated 
in the confi guration at right (black dots in the schematic draw-
ing) for three years at 1770 m of altitude in New Mexico. It 
was the fi rst experiment to measure air showers with energies 
greater than 1020 eV. The cosmic particle with the highest en-
ergy of 1.4 x 1020 eV (out of 5 x 1010 particles in the shower) was 
measured in February 1962. The experiment gave the earliest 
hint of a fl attening of the energy spectrum at around 1020 eV. 

Left: J Linsley searching for snakes in a detector station; right: 
hexagon structure of the array with the position of the UHE event
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The 10 m mirror of the 
Whipple telescope was a 
new level of quality in the 
design of air Cherenkov 
detectors which is still 
state of the art. In the 
fi rst years of operation, a 
single PMT measured the 
Cherenkov light.
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