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COSMIC RAYS 
From knee to ankle 

D espite the advent of TeV 
machines providing energies 
of 10 1 2 electronvolts, the 

highest particle energies by far are 
still provided by cosmic rays, where a 
sprinkling of particles from outer 
space go beyond 10 1 7 electronvolts, 
a hundred thousand times up on the 
highest laboratory levels. 

New results from the 'Fly's Eye' 
cosmic ray detector in Utah provide 
new hints on the energy spectrum of 
these particles. Included in the 
sample is an event at 3 x 10 2 0 eV, the 
highest energy interaction ever 
recorded. 

The ultra-high energy cosmic ray 
primaries arriving from outer space 
soon crash into atmospheric nuclei, 
giving extensive secondary air 
showers. It is these showers which 
provide the clues to the high energy 
cosmic ray component. 

The 'Fly's Eye' detector, which 
came into operation in 1981, consists 
of 67 1.5-metre diameter spherical 
mirrors each viewed by photo-
multipliers at the focus and together 
covering the entire night sky. In 1986 
this configuration was complemented 
by 'Fly's Eye II', 3.4 kilometres way, 
with 36 mirrors covering half the sky. 
This can either operate as a stand
alone device or in conjunction with 
the main detector to provide stere
oscopic views. 

The higher energy cosmic particles 
are rarer, and this falloff can be 
written as a power law. This first 
happens at the well-known 'knee', 
around 5 x 10 1 5 eV. The Fly's Eye 
sees this exponential falloff increase 
further at about 10 1 7 6 eV, but it 
suddenly flattens at 10 1 8 5 eV. This 

second kink (seen before by other 
experiments) has earned the name 
'ankle'. 

The shower elongation gives a 
handle on the chemical composition 
of the primary particles. The energy 
spectrum suggests that the composi
tion of cosmic rays is getting lighter 
with increasing energy. 

As they travel through space, 
cosmic ray tracks get tangled in 
magnetic fields and tend to arrive 
from all over. However particles 
originating inside the galactic disc 
should retain some directionality. 
With the Fly's Eye ultra-high energy 
events fully isotropic, they look to 
come from outside the galaxy. 

From 13-18 December, the "Rencontres du 
Vietnam" on high energy physics and cos
mology brought together in Hanoi about one 
hundred physicists, half from Vietnam and half 
from abroad. The physicists were received by 
the President of the Republic, and for the 
physicists distinguished scientist Jack 
Steinberger (front row, light suit, standing on 
the President's right) expressed their apprecia
tion for the President's warm interest in this 
special scientific event. Jean Tran Thanh Van, 
who promoted and organized the event, is on 
Steinberger's right. 

Physics in Vietnam 

V ietnam is a country in rapid 
evolution, opening up com
munications with the rest of 

world and encouraging foreign 
investors. Although there is more 
ground to make up, the heady 
mixture of communism and free 
market they are aiming for is along 
the same lines as China. 

Jean Tran Thanh Van , who left 
Vietnam about forty years ago, 
judged that it was the right time to 
bring together Western and Vietnam
ese physicists. He promoted and 
organized the "Rencontres du Viet
nam" on high energy physics and 
cosmology, which from December 
13-18 brought together about one 
hundred physicists, half from Viet
nam and half from abroad, in Hanoi 
for an intense programme to review 
the status of particle physics and its 
deep implications for cosmology. 

The physicists were received by the 
President of the Republic, and for the 
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