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Using the thin lens approximation, the condition for a complete transverse-longitudinal emit-
tance exchange is given by [1]

1 + kη = 0, (1)

where η is the dispersion introduced by the dogleg, k is the dipole cavity kick strength. k is related
to the cavity voltage by

k =
V0

aEb
, (2)

where V0 is the cavity voltage, a is cavity dimension and Eb is the beam energy in the cavity.
However, here the definition of a is ambiguous. To clarify, let’s write down the general form of
TM110 mode of a pillbox cavity in the neighborhood of the axis [2]:

Ez = E0
ω

c
cos(ωt)x, (3)

By = E0 sin(ωt)/c. (4)

where E0 is the peak electric field. Comparing with Eq. (1) and (2) of Reference [4], we have

a =
c

ω
=

λ

2π
. (5)

where λ is the wavelength. Therefore the cavity peak longitudinal voltage is

V0 =
Ebc

2πηf
. (6)

Let’s calculate two examples:

η = 0.25 m, Eb = 5 MeV, f = 2.856 GHz ⇒ V0 = 0.33 MV, (7)
η = 0.25 m, Eb = 15 MeV, f = 1.300 GHz ⇒ V0 = 2.20 MV. (8)

Another way to look at it [3]
∂Eb

∂x
=

Eb

η
(9)

η = 0.25 m, Eb = 5 MeV,⇒ ∂Eb

∂x
= 20 keV/mm, (10)

η = 0.25 m, Eb = 15 MeV,⇒ ∂Eb

∂x
= 60 keV/mm. (11)
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so how much transverse kick does this correspond to (or, what is the equivalent transverse
voltage) [5]? From reference [4]

∆x′ ≈ kz. (12)

Imagine an equivalent transverse voltage VT on the cavity,

VT =
γmc2

e
∆x′ = 0.511γ

z

η
MV. (13)

e.g., for z = 1 mm (the distance of an electron from the center of the bunch), we have VT = 60 kV.
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