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In 1976, Rubbia, Kline and McIntyre proposed 
that the CERN SPS and the Fermilab Main Ring 
could be converted into proton-antiproton 
colliders to search for the W and Z bosons. 

In order to achieve this, it was first necessary to 
develop the technology for the production, 
accumulation and cooling of intense antiproton 
beams.
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Joseph Liouville (1809 – 1882)
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Liouville’s theorem states that the phase space density of a 
particle beam cannot be changed under the action of 
conservative forces if the beam is considered to be a 
continuous medium.

Electron beams are naturally cooled by the emission of 
synchrotron radiation.

In the 1960’s, Budker proposed the cooling of protons by 
their interaction with a cold electron beam (non-conservative) 
Coulomb collisions.

In 1972 (from work done in 1968), Van der Meer discovered 
the principle of stochastic cooling, which makes use of the 
fact that the beam is not a continuous medium.
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• Fast

• Most suited for low- β beams. Very effective for 
heavy ions and is used to cool the Pb ion beam for 
LHC. Until recently it was not possible to cool 
antiprotons produced at high energy.

• Effective at cooling beams that are already cool. 
Not good for cooling antiprotons directly from 
production target.
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First hadron storage 
rings
First observation of 
Schottky noise
First demonstration of 
stochastic cooling
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In 1977 the (g-2) ring at CERN was converted into 
a machine on which stochastic cooling could be 
tested in detail.
In parallel, the theory of stochastic cooling was 
developed by Sacherer, Hereward, Van de Meer
and Mohl.
In May 1978 ICE achieved cooling for the first 
time in all 3 dimensions
In June the ppbar project was submitted to CERN 
Council for approval.
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Schottky scan after 1, 2 and 4 min. 

Signal height proportional to the square root of density and 
width proportional to Δ p/p.
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Fermilab was in the middle of the 
construction of the Doubler (now the 
Tevatron), the world’s first large 
superconducting machine.

In November 1978 it was decided that this 
would remain top priority and that colliding 
beams would be in the Tevatron and not the 
Main Ring.
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The acceleration and storage of intense proton 
and antiproton colliding beams create many 
problems which have to be resolved in order to 
produce luminosity.
They include:

• Beam stability
• RF noise
• Intrabeam scattering
• Low-beta optics
• The beam-beam interaction.
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The developments leading to the successful conversion of the 
two high energy accelerators to proton - antiproton colliders
has taken the art of manipulating and controlling particle beams
to new heights and have made the most fundamental 
discoveries in the last quarter of the 20th century.

The lessons learned have been essential for the design of the 
LHC. However, due to the need for an increase of two orders 
magnitude in luminosity, the use of antiprotons is no longer an 
option. The final closure of the Tevatron collider will end an 
exciting and productive chapter in the development of 
accelerator technology.


