
1 Electron Model of a Proton Ring

(1a) What is the bending radius ρp of a proton (m0c
2 = 938 MeV) with a

kinetic energy 800 MeV (= (γ − 1)m0c
2) in a 1 T magnetic field.

(1b) What is the kinetic energy of an electron (m0c
2 = 0.511 MeV) that has

the same relativistic factor γ as the proton in part (1a)?

(1c) What is the bending radius ρe of the electron in part (1b) in a 20 kV/cm
electric field? (The charged plates are appropriately curved to provide a consis-
tent electric force).

(1d) If the circumference of a 800 MeV proton storage ring is 474 m with 1
T dipole magnets, what circumference would an electron-electrostatic model of
that storage ring be with 20 kV/cm electrostatic dipole plates?

2 Envelope Oscillations

Consider the envelope equation:

a′′ +Kxa−
Ksc

a
− ε2x
a3

= 0

(2a) Show that the envelope equation has a fixed point a0 at

a20 =
εx√
Kx

[
κ+

√
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]
, where κ =

Ksc

2
√
Kxεx

(2b) In the case where Ksc = κ = 0, linearize the envelope equation near the
envelope equilibrium a0.
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3 Gaussian beam

A 1D Gaussian Distribution is given by:
Consider a 6D Gaussian distribution, in which x, y, x′, y′, δ, z are each Gaussian
distributed.

(3a) What is the transverse spatial distribution ρ(x, y)?

(3b) In a KV beam, the envelope terms a and b can be expressed in terms of
the normalized emittance:

a =
√
εN,x/βγ

b =
√
εN,y/βγ

In a Gaussian beam, the beam sigmas σx and σy can be expressed in terms of
the (95%) normalized emittance:

2σx =
√
εN,x/βγ

2σy =
√
εN,y/βγ

What is the form factor F for the Gaussian beam with respect to the KV beam?

(3c) Let σz = 0.2 m in the lab frame and let the RF bucket length be 6 m.
What is the peak bunching factor B = I(z)/Iave?

(3d) If the proton beam (m0 = 938 MeV/c2) has a kinetic energy of 4 GeV,
what is σz in the rest-frame of the bunch?

4 Transverse EM Fields

Consider a constant electric field ~E = E0ẑ and a constant magnetic field ~B =
B0ŷ. Which Lorentz boost would eliminate the electric field and under what
circumstances would that even be possible?
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