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eRHIC ELIC THERA QCDE
ξx,y 0.007 0.006 0.0025 0.004
fc [kHz] 78 250 0.28 0.1
σξ/ξ 9.5 · 10−4 6.3 · 10−4 0.045 0.047

Table 1: Parameters of the linac-ring electron-ion collid-
ers eRHIC, ELIC, THERA, and QCDE. The collision fre-
quency fc is defined as the number of collisions per second
for one particular ion bunch.

Abstract

In recent years, linac-ring electron-ion colliders have
been proposed at a number of laboratories around the
world. While the linac-ring approach overcomes the beam-
beam tuneshift limitation on the electron beam, it also in-
troduces noise into the ion beam, via the beam-beam inter-
action with electron bunches of slightly fluctuating inten-
sity and transverse size. The effect of these fluctuations is
studied using a linearized model of the beam-beam interac-
tion. Upper limits for the rms jitter amplitudes of electron
beam parameters for various linac-ring electron-ion collid-
ers are presented.

INTRODUCTION

In recent years, several linac-ring electron-ion colliders
have been proposed at various laboratories, namely eRHIC
at BNL [1], ELIC at Jefferson Lab [2], THERA at DESY
[3], and the QCD Explorer QCDE at CERN [4]. Some de-
sign parameters of these machines are listed in Table 1.
A destinctive common feature of all these facilities is the

fact that each electron bunch collides with the ion beam
only once before it is dumped. This has the advantage that
the beam-beam kick experienced by the electrons can prac-
tically be ignored. However, it also introduces noise into
the ion beam via the beam-beam interaction with electron
bunches of fluctuating intensity and transverse size. As-
suming that these fluctuations do not exhibit any bunch-
to-bunch correlations, this effect effect can be studied and
upper limits on bunch-to-bunch intensity fluctuations and
size variations can be established.
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THEORY

The beam-beamkick for round beams can be expressed
as
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where rp = 1.54 · 10−18 m, γ, Ne, and σ denote the clas-
sical proton radius, the Lorentz factor of the hadron beam,
the number of electrons per bunch, and the electron rms
transverse beam size, respectively. This expression can be
linearized for z � σ as
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which resembles a quadrupole kick. Introducing normal-
ized coordinates zN and z′

N , this finally becomes

∆z′N ≈ −4πξzN . (4)

At the interaction point (IP), where it is assumed that
α = 0, the action J before the quadrupole kick can be
expressed as

Ji = z2
N + z′N

2
. (5)

After experiencing the beam-beam kick with its fluctuating
strength δξ, the action is

Jf = z2
N + (z′N − 4πδξzN)2

= z2
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2 − 8πδξzNz′N + (4π)2(δξ)2z2
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The change in action due to the kick is therefore

∆J = Jf − Ji

= −8πδξzNz′N + (4π)2(δξ)2z2
N . (7)

Averaging ∆J over many turns, the first term vanishes, and
we get with 〈z2

N〉 = J/2
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