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Abstract main linac, then separated with a beam spreader and
Studies of the electron beam dynamics for the 4GL$plenoid, passed through 180° FODO arc tilted out of

design are presented. 4GLS will provide three differefilane and transported to two XUV-FEL's at ~2m vertical

electron bunch trains to a variety of user synchrotrofiisplacement from the linac-ERL plane.

sources. The 1 kHz XUV-FEL and 100 mA high-current

ERL branches share a common 540 MeV linac, whilst theOPPOSING-PHASE ACCELERATION &

13 MHz IR-FEL must be well-synchronised to them. An COMPRESSION

overvieyy qf recent developments in the optics design of The most challenging part of the 4GLS project is the
the facility is given. design and construction of an energy recovery linac that
will deliver 100 mA of average beam current through five
THE 4GLS FACILITY insertion device straights with small transverse emittance
The 4GLS facility, proposed to be constructed and short bunch lengths. 77 pC bunches from a ~750 kV
Daresbury Laboratory in the UK, will consist of threeDC photo-injector are pre-accelerated to 10 MeV by two
inter-related accelerator systems each driving a frefive-cavity superconducting RF modules [5]. They then
electron laser; these lasers will deliver short-pulse outpotake an energy-recovery pass of the main linac and
in the terahertz, infra-red, VUV and soft X-ray portions ofnsertion device arc at 550 MeV and are dumped at 10
the electromagnetic spectrum with pulse lengths as shteV. The main linac also accelerates in single pass
as 50 fs. In combination witpontaneous output from configuration at 1 kHz, 1 nC bunches that drive two
undulators, this multi-source, multi-user facility willseeded XUV-FEL's [6]: 540 MeV acceleration is also
enable the study of real-time molecular processes on treguired by these bunches. The final bunch parameters for
femtosecond timescale. A conceptual design has bealhthree accelerator channels are summarised in Table 1.
produced [1,2], and the scidit motivations for the Since the main linac accelerates two types of bunch, we
project are described elsewhere [3]. The overall latticaust keep them apart so that they do not interfere. Our
design has been publishedan EPAC 2006 paper [4], we proposed solution to keep the two bunch types apart is a
present here a selection of major design developmemtsvel scheme whereby the XUV and high-current loop
since that time. Figure 1 shows a schematic layout bfinches are accelerated on opposing phases of the main
4GLS. The high-current ERL is the outer loop of théinac RF. The bunches thereby receive opposite signed
facility and contains five insertion devices. The last oénergy chirps. The subsequent compression scheme is
these utilises fully-compressed ~100 fs, 77 pC bunchestteen arranged to be chiadike in the XUV-FEL branch
drive a regenerative-amplifier VUV-FEL. The 1nC XUVand arc-like in the high-current loop.
bunches are propagated on the opposing RF phase in foe further details see e¢h EPAC 2006 paper [4].
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Figure 1: Schematic layout of the proposed 4GLS facility showing principal accelerator sections.
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Table 1: Output electron bunch parders of the 4GLS facility branches

XUV-FEL ERL (100mA) | ERL (VUV-FEL) IR-FEL
Energy 750 MeV 550 MeV 25-60 MeV
Bunch Rate 1 kHZ 1.3 GHz | 4.33 MHz 13 MHz
Bunch Charge 1nC 77 pC 200 pC
Normalised Emittance 2 mm-mrad 5-10 mm-mrad
Projected Energy Spread 0.1% 0.1% (60 MeV
r.m.s. Bunch Length <270 fs 100-500 fs 100 fs 1-10 ps
Average Beam Power 1 kw BBV 180 kW 156 KW (60 MeV)
ERL FEL POWER LIMIT SEXTUPOLE LINEARISATION

The VUV-FEL is a regenerative amplifier and achieves The present optical configuration will use sextugsin
saturation in approximately ten to fifteen passes [7]; @he outvard FODO arcs to perform linearisation loé tRF
saturation, the final electrobunch energy spread is cyvature from the main linac. In principle, eithef' 3
dominated by the lasing itéebnd GENESIS 1.3 steady- harmonic RF  or sextupoles &) may perform
state simulations [8] predict a full spread ofjnearisation. For a long initial bunch length sextupole
approximately 1.2%. A simple model of FEL lasinginearisation is not as effective as using'&Harmonic
allows us to examine the scaling of laser power witBayity. An optimisation has been done for the 4GLS ERL
energy spread at the dump. It can be shown [9] that, fehse which shows that sextupole linearisation is effective
small initial electron beam energy spread, the energythe punch length at the exit of the high-current injector
spread after lasing ig., ~ pA°’, where p is the FEL accelerating modules is less than 3 ps. Simulations of the

Pierce parameter and~1 s the scaled field amplitudgigh-current gun show that this bunch length is
The mean relative energy loss has the same value, so trghievable [5].

AE
(4E) ~pA*. SYNCHRONISATION OF THE XUV-FEL

FEL . Of critical importance to any seeded FEL is the correct
In the case that the absolute energy spread is conservegrmng of the seed pulses and the electron bunches to

an ERL, the FEL average power must_be less than ,t fsure their coincidence at the start of the FEL interaction
beam power incident on the dump, since the re"”‘t'ﬁ ion. For the 4GLS XUV-FEL [6], it is desirable to lock
energy spread at the dump must be less than 100 %. g seed pulse and Gaussian electron bunches together
photon energy per pulse is with a jitter <50 fs. A 1D model has been used to track
E,=n,(AE)<<E,, the electrons from the output of the gun through the
where E, is the average dump energy. For bunchccelerating and dispersive sections. It allows the
dependence of the bunch arrival time on the individual RF
frequency f , we have phases and amplitudes to be determined. Table 2

OfpL ~

P = fE,, Py =nfE. summarises the jitter contributions for the various XUV-
therefore FEL synchronisation sub-systems [6].
Pe <<Puo- Table 2: Contributions to timing jitter between seed
ump

. . . photon pulses and bunches at th&/\XFEL entrance.
For 4GLS, since the maximum dump power is simply théaussian bunches are assumed

beam power at 10 MeV — 1 MW, the average FEL power

is limited to around 1@OkW whatever the bunch | Source Timing  Jitter
frequency. Power limits on the VUV-FEL mirrors will [fs]
impose a much lower limit than that. However, we cahMaster Clock (0.1 — 1 kHz) 20
express the power limit as aniit from the energy spread | Distribution to seed laser oscillato 15
o fE Seed laser oscillator 20
PeL <o e Amplifier & photon beam transporf 5
where o is the relative energgpread at the dump. Electron gun drive laser <1
, - ) RF phase in accelerator cavities 31
Cpnservatwely, limiting th_e flnal energy spread to 10 % F amplitude in accelerator cavitiés 145
gives an average power limit for the 4GLS VUV-FEL of Total (assuming uncorrelated) 152

300 W.
Although the absolute energy spread can be_,- changeqt should be noted that the tabulatellu es assume a

som_ewhat by the deceleration process, We.St'” have ussian current profile for the electron bunches. In

scaling of the energy spread at the dump with extract? lity, we expect the current profile from the XUV

laser pulse energy. A 1D simulation of the 4GLS Iasmﬁ’wjector to resemble that of BESSY FEL. Their modelling

ponflrms this [10]; as the energy spread from IaSInSredicts electron bunches with almost “flat-top' current
increases so does the energy spread at the dump.
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of 2 kA of length 730 fs [11]. In this case an acceptable %,
temporal jitter would be sligly less than half of this [ a9 o
value considerably relaxing the 4GLS design targe . —pwrm o
of <50 fs. The combinedtter estimate of 152 fs above ©
would therefore easily satisfy the jitter tolerances for ¢

BESSY-type electron bunch.

ERL PATH LENGTH CORRECTION

In order to perform energy recovery the bunchestm e
retun to the main lina@ out of RF phase with respetct == N
the accelerating bunches. Therefore we must be ableli%ure 3: Outlined is placement of path correction /
introduce extra path length without affecting other bea@ecompression system just priorre-entry into the main
parameters through the maochirTo allow flexibility in |inac. Above it is the XUV injector, below is the high-

tuning and operation, and to allow the possibility of @yrrent ERL injector. The maiinac is to the right.
second accelerating pass in a future upgrade, we require a

full wavelength (23 cm) of adjustment. A mod_ular system REFERENCES

decoupled from the rest of the accelerator is both more )

compact and will be simpler to operate. [1] J. A. Clarke, E. A. Seddon, “The Conceptual Design
We propose a novel system to introduce a Of 4GLS at Daresbury Laboratory”, EPAC'06,

continuously-variable path-length fiifence without Edinburghwww.jacow.org

introducing any variation of longitudinal dispersion. Ouf2] “4GLS ~ Conceptual Design report’, CCLRC

approach combines a magnethicane (large positive Daresbury  Laboratory 2006), available at

R,, in our convention) and wy physically moving, non- www.4gls.ac.uk

] ) ) ) 3] “4GLS Science Case”, availablevavw.4gls.ac.uk
dispersive doglegs (small negatiig;) [12]. The moving 4] M. A. Bowler, B. D. Muratori, H. L. Owen, S. L.
doglegs are coupled by ats# bellows that expand to Smith, S. V. Miginsky, “Lattice Design for the
introduce most of the required expa ath length (Figure Fourth Generation Light Source at Daresbury
2). The smallR,, induced by the changed position of the  Laboratory”, EPAC'06, Edinburghwww.jacoworg.

dogleg is cancelled by a srhatagnetic adjustment in the [5] J. W. McKenzie, B. L. Militsyn & A. S. Terekhov,

chicane; this esur eR,, remains constant as required. Inje’?tor desgn for the AGLS highaverage current
6 loop”, these proceedings.

In principle, the system caperform the specific task of [6] B. W. J. McNeil, J. A. Clarke, D. Dunning, G. J.
path length correctiow hile leaving all other paran®eter  Hirst, H. L. Owen, N. R. Thompson, B. Sheehy & P.
in the accelerator unchanged. We relax this somewhat to H. williams, “An XUV-FEL Amplifier Seeded Using

use this section to compensate 18, generated in the High Harmonic Generation™New J. Physics 9, 82

insertion device arc and VUV-FEL, thus ensuring correct (2007). ) _
bunch decompression for re-entrytan  the main linac il N- R. Thompson, D. J. Dunning, B. W. J. McNeil, J
such a way that the energy spread at the dump is G. Kars“senberg, P. J. M. van der Slot and K.-J.
minimised. The system is located just prior to re-entry of ~Boller, “A 3D Model of the 4GLS VUV-FEL
the beam into the main ke (Figure 3). Including the Conceptual Design Including Improved Modelling of
decompression chicane, it is only around 10 m long; the, the Optical Cavity”, EL 2006, Berlin (2006).

moving part 6 m. The horizontal displacement can be LEB] N. Thompson, “4GLS VUV-FEL: A"Study of the
to 900mm. This should beompared to a total moving  FEL-Induced Beam Energy Spread”, 4GLS Report

length of around 40m if this task was performed  fgls-fel-rpt-0004. _
mechanically in one of the main ERL arcs. [9] R. Bonfacio et al.Rivista del Nuovo Cimento 13(9),

pp 1-69 (1990).
[10]H. L. Owen, “FEL Power Limitations from Energy
‘ Recovery”, 4GLS Repbigls-desn-rpt-0016.
[11]A. Meseck 200®roc. 28th Int. Free Electron Laser
S Conf. (Berlin) pp 226—32www.jacow.org
~/ [12]P. H. Williams, “A Path Corrector for Energy
M Recovery at 4GLS", 4GLS Report fgls-desn-rpt-

; (('jj?“\. Tl
\T‘f‘ i 0014.

-

Figure 2: The moving dogg in its maximal (top) and
minimal (bottom) displacement configurations.
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