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Abstract

Daresbury Laboratory is currently building an Energy
Recovery Linac Prototype (ERLP) that serves as a testbed
for the study of beam dynamics and accelerator technology
important for the design and construction of the proposed
4th Generation Light Source (4GLS) project. The two ma-
jor objectives for the ERLP are the operation of an oscil-
lator infra-red FEL and demonstration of energy recovery
from an electron bunch with an energy spread induced by
the FEL. In this paper we present start-to-end simulations
including the FEL of the ERLP. The beam dynamics in
the high-brightness injector, which consists of a DC pho-
tocathode gun and a super-conducting booster, have been
modelled using the particle tracking codeASTRA. After
the main linac, in which the particles are accelerated to 35
MeV, particles have been tracked with the codeelegant.
The 3D code GENESIS 1.3 was used to model the FEL
interaction with the electron beam.

INTRODUCTION

The performance of a free-electron laser (FEL) depends
crucially on the electron beam parameters. While analyt-
ical calculations can give an estimate of the expected per-
formance, numerical start-to-end (S2E) simulations are re-
quired to account for various aspects of beam dynamics
during the generation, transport and compression of the
beam [1, 2, 3]. FELs based on the Energy Recovery Linac
(ERL) concept have a distinct advantage in terms of rf
power and beam dump requirements. However, another as-
pect becomes important for S2E simulations: the electron
beam, which may have a large energy spread induced by
the FEL process, needs to be recirculated for deceleration
and then transported into the beam dump [4].

Daresbury Laboratory has been given funding to built an
ERL Prototype [5] which will operate at a beam energy
of 35 MeV and drive an infra-red oscillator FEL. In this
paper we present the results of the first S2E simulations for
the ERLP including the FEL. To account for space charge
effects,ASTRA [6] was used for the modelling of the low
energy part (350 keV) of the injector from the cathode to
the booster. The beam was tracked withelegant [7] from
the booster (8.35 MeV) to the main linac (35 MeV) and
then to the FEL. The FEL interaction was modelled wit
GENESIS 1.3, andelegant was used to transport the beam
back to the linac and beam dump.
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INJECTOR

The injector consist of high-average current DC photo-
cathode gun, a booster and a transfer line to the main linac.
The DC photocathode gun, which is a replica of 500 kV
Jefferson Lab IR-Demo gun [8], is currently being built
at Daresbury Laboratory. The gun will employ a GaAs
photocathode and operate at a nominal accelerating volt-
age of 350 kV and bunch charge of 80 pC. Electrons will
be generated by the frequency-doubled light (532 nm) of a
mode-locked Nd:YVO4 laser with an oscillator frequency
of 81.25 MHz. Two solenoids will be used for transverse
focusing and emittance compensation, and a single-cell
buncher cavity will be utilised to decrease the bunch length
from the GaAs cathode. The buncher will be operated at
1.3 GHz and is based on the buncher design employed at
the ELBE facility [9]. Electrons are accelerated to an en-
ergy of 8.35 MeV in the booster, which consists of two
super-conducting 9-cell TESLA-type cavities operated at
1.3 GHz. The cryomodule design is based on the design
of the ELBE linac [10]. The layout of the ERLP injector
is shown in Fig. 1 and a detailed description of the injector
design can be found in Ref. [11].
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Figure 1: Layout of the ERLP injector and evolution of the
rms values of the beam size, norm. emittance and bunch
length.




