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2. Charged particles in magnetic fields

2.1 Basics
2.2 Magnets
2.3 Multipole expansion
2.4 Superconducting magnets
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E has a similar effect as v B.
For relativistic particles B = 1T has a similar effect as
E = cB = 3 108 V/m , such an electric field is beyond 
technical limits.

 Electric fields are only used for very low energies or
 For separating two counter rotating beams with

different charge.
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Electrostatic separators at CESR
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(x=0,z=0) is the beam’s design curve
x

z
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Knowledge of the field and the scalar magnetic potential on a 
closed surface inside a magnet determines the magnetic field for
the complete volume which is enclosed. -> shape of magnetic 
poles fixes magnetic field pattern near beam line!
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If field data in a plane (for example the horizontal midplane of a 
cyclotron or of a beam line magnet) is known, the complete filed is 
determined:

Data of the magnetic field in the plane z=0 is used to determine b0(x,s) and b1(x,s).
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C1 Symmetry
(Cn Symmetry 
around the z-axis: 
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C-shape magnet: H-shape magnet: Window frame magnet:
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Shims reduce the space that is 
open to the beam, but they also 
reduce the fringe field region.

a
nIB 00 µ=B < 1 T: Region in which

B < 1.5 T: Typically used region
B = 2 T: Typical limit of iron yoke magnets, since the 

field becomes dominated by the coils, not the iron.
Limiting j for Cu is about 100A/mm2

B > 2T: (superconducting) “air coil” magnets



Saturation of 
iron yoke!
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HERA Tunnel
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C2 Symmetry

In a quadrupole particles are focused in one plane and defocused in the 
other plane.  Other modes of strong focusing are not possible.
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The coils show that this is an upright 
quadrupole not a rotated or skew 
quadrupole.

SLAC



PETRA Tunnel
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i) Sextupole fields hardly influence the particles close to the center, where one 
can linearize in  x and y.

ii) In linear approximation a by ΔΔΔΔx shifted sextupole has a quadrupole field.

iii) When Δx depends on the energy, one can build an energy dependent 
quadrupole.

C3 Symmetry
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ESRF
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