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All modern proton accelerators*! and many electron machines are circular, or
nearly so. The particles are constrained in a vacuum pipe bent into a torus that threads
a series of electromagnets, providing a field normal to the plane of the orbit. For a proton
of momentum p in units GeV/c, the field must have a value B (in tesla), where

p = 0.3Bp

and p is the ring (bending) radius in metres. The particles are accelerated once or more
per revolution by radio frequency (RF*2) cavities. Both the field B and the RF frequency
must increase and be synchronised with the particle velocity as it increases — hence the
term synchrotron®*3. Protons are injected from a linac*3 source at low energy and at low
field B, which increases to its maximum value over the accelerating cycle, typically
lasting for a few seconds. Then the cycle begins again. Thus, the beam arrives in discrete
pulses.

In the linac, the final beam energy depends on the voltage per cavity and the
total length, while in the proton synchrotron it is determined by the ring radius and the
maximum value of B. For conventional electromagnets using copper coils, B (max) is of
order 14 kgauss (1.4 T), while if superconducting coils are used fields up to 9 T are

possible,

*1) accelerator: HIEkER, *2) RF: @A, *3) synchrotron (327 v b ), linac (BHIIEESD: &b
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) 2A—7r (2 5372 UK H—3) ZHEFETEL L, “Two lambda minus r.”



