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Abstract

At the University of Bonn, electron beams with energies
up to 3.2 GeV can be extracted from the storage ring ELSA to
hadron physics and novel detector testing experiments. We
study the feasibility of replacing the current 26 MeV Linac
injector with a laser plasma wakefield accelerator (LPWA).
For this, contemporary achieved parameters from current
LPWA setups at other laboratories are assumed and matched
to the acceptance of the facility’s synchrotrons. Moreover,
a conceptional draft of a potential LPWA setup is created.
This takes into consideration the influence of building con-
ditions such as available floor space and building vibrations
to estimate a setup of a plasma generating high power laser
system and beamline to the plasma cell.

INTRODUCTION

The Physics Institute of the University of Bonn operates
the three staged ELectron Stretcher Anlage (ELSA) accel-
erator facility. It can accelerate spin-polarized or unpolar-
ized electron beams up to energies of 3.2 GeV using a syn-
chrotron ring design capable of quasi-continuous electron
beam extraction to three experimental stations. The injector
system consists of a linear accelerator, pre-accelerating the
electrons to energies of 26 MeV, and a booster synchrotron.
This combined-function synchrotron accelerates the elec-
trons to a typical energy of 1.2 GeV. With a rate of 50 Hz
and an average charge of 2nC the electrons are injected
into the storage ring, where the beam is accumulated up to
25mA (~ 15nC), accelerated up to 3.2 GeV and extracted
via resonance extraction over several seconds to external
experimental stations with a mean current of 1 nA.

It is of great interest, whether the implementation of a
novel injector based on LPWA technology is possible, which
ideally would form a redundant pre-accelerator to the current
Linac. A potential setup with a plasma driving high power
laser system, plasma cell assembly and energy compressor
is sketched in Fig. 1.

INJECTION REQUIREMENTS

An LPWA could be used to inject directly into the stretcher
ring or into the booster synchrotron as an intermediate injec-
tor, whose requirements on charge and beam energy are more
relaxed. The different requirements for both synchrotrons
are given in Table 1.

As typical pulse lengths of LPWAs are in the order of
femtoseconds, but contemporary pulse repetition rates are in
the order of a few Hertz with pulse charges of a few hundred
pico-coulombs [1], it is difficult to satisfy all the conditions
required for a direct injection into the storage ring, which
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Figure 1: Injector area of the ELSA facility showing cur-
rently unused floor space (dashed) which is available for
an LPWA injector setup. A high power laser system with
multi-square-meter footprint can be installed at the former
test beam area whereas the plasma cell and the subsequent
beamline including an energy compressor system can be set
up at the former LINAC 1-area.

Table 1: Injection Requirements of Both Synchrotron Rings
of the ELSA Facility

Injection Re- Storage Ring Booster
quirement

Energy >1GeV 15-30 MeV
Beam charge 15nC 2nC
Buckets 274 116

Rev. period 548 ns 232ns

Inj. duration 0.5s 1us
Emittance 2.5-10°mrad 3-10°mrad
Energy spread 0.3 % 0.5 %

requires a homogeneous filling of ~15nC within a short
injection duration of <1s. Alternatively, an LPWA injec-
tor could be used to fill the booster synchrotron with an
MeV electron beam, ideally with a total charge of 2nC at
50 Hz repetition rate. Transverse LPWA beam properties
(emittance ~1 pymmrad) tend to suffice the booster require-
ments. However, the momentum spread, usually in the order
of some percent at MeV beam energies, and the very short
pulse durations have to be adjusted to fit the requirements.

MC2: Photon Sources and Electron Accelerators

T12: Beam Injection/Extraction and Transport



13th Int. Particle Acc. Conf.
ISBN: 978-3-95450-227-1

revolutions
60

0 200 800 1000

—— o pulse width

120 1 — —— deviation from homogeneous filling

100
80 \
60
20 \/
0 +—0
d* 56\ 1(%\150 200 ¢
t/pus
1s

t=1yps t=50 us t=100 ps t=232 us
®
i

] ‘ Sk || ?10‘ h "}‘ ’ii f
o Sl <
% 100 00 100

50 100
Bucket number Bucket number

o

std of filling pattern

a(t)/ns

N

R 40 #

ticles / %

P
Par

5|
8

50 50
Bucket number Bucket number

Figure 2: Pulse length (red) and deviation from homoge-
neous filling (blue) against the number of revolutions and
elapsed time. A histogram of the filling pattern is shown
below for selected time-frames.

BOOSTER SYNCHROTRON AS
DEBUNCHER

The extremely short electron pulse length of an LPWA
bunch would only allow for single bunch operation in the
booster synchrotron or storage ring. To create a homoge-
neous filling pattern, we propose to utilize dispersive tra-
jectories within the booster synchrotron’s bending magnets.
The RF acceptance of the machine is ~ 25 and beam energy
loss due to the emission of synchrotron radiation is negligi-
ble at the MeV level. Thus, a short single bunch could be
injected and circulate for multiple revolutions when the RF
is not running, resulting in a pulse broadening according to

Ar_

- -a.6,

where «. is the momentum compaction factor and & the
momentum deviation. Simulations with the tracking code
Elegant [2] show that an initial Gaussian distribution of
pulse length T = 15fs (1-o, & = 0.5%) forms a suffi-
ciently homogeneous particle distribution along the ring
after ~200 us, when particles with large momentum devia-
tion have overlapped multiple times and remixed with parti-
cles with less deviation. The evolution of the pulse width and
the resulting reduction of the standard deviation of the parti-
cle population distribution is illustrated in Fig. 2. However,
during the debunching phase the sinusoidally oscillating
magnetic bending field increases and hence, decreases the
orbit radius, potentially leading to beam loss at the inner
vacuum chamber, or other apertures. For a 200 us long de-
lay of RF power deployment, an additional magnetic field
of 9.1 mT has risen, resulting in a decreased orbit of only
0.8 mm for a 20 MeV beam. The available aperture diameter
of 2.5 cm is sufficiently large and oposes no limit for the use
as debuncher.
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Figure 3: Energy compressor system of the former LINAC
1 of the ELSA facility, consisting of a magnetic chicane and
an S-band travelling wave Linac.
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Figure 4: Energy spread distribution of a sub-picosecond
long input bunch before and after the energy compressor

system. A reduction from 5 % to 0.5 % is possible for a
20 MeV beam and an electric field strength of 1 MV/m.

Energy Spread Modulation

The former convential LINAC 1 was equipped with an
energy compression system [3], which had been designed to
reduce the Linac’s 5 % energy spread to the booster accep-
tance of 0.5 %. Therin, a debuncher, consisting of a chicane
with three dipole magnets, is followed by an S-band travel-
ling wave Linac, as shown in Fig. 3. The debuncher broadens
an input bunch length from 15 fs to 60 ps and the electric
field strength of ~ 1 MV/m compresses the energy spread at
3 GHz to below 0.5 % for a 20 MeV beam, as shown in Fig. 4.

With a pulse length of several picoseconds and compressed
energy distribution matching the booster synchrotron’s ac-
ceptance, the aforementioned debunching scheme utilizing
the booster itself can be used to achieve a homogeneous
filling.

BUILDING CONDITIONS

Floor Space, LPWA Footprint and Accessibility

Due to the decommissioned LINAC 1 and the currently
unused test beam area (compare with Fig. 1), the facility
offers sufficient space (65 m? and 120 m?) in radiation con-
trolled areas for the setup of a terawatt laser system (typically
up to ~4 mx8 m in size) and the plasma cell with subsequent
injector beamline.

The facility is usually running for one third of the year,
split up in 4-6 week intervals. This imposes access limits to
the Linac areas, but the fest beam area is accessible during
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Figure 5: Preliminary results of the vibration measurements
via accelerometers. The circular markers represent the 1/3-
rms velocity.

beam time, allowing for continuous maintenance and testing
of a laser system.

Building Vibrations

To estimate the influence of building vibrations on the
operation of the high-power laser system and the pointing sta-
bility of the ~30 m long laser transfer beamline, accelerome-
ters were used to measure the spectrum of ground vibrations.
Some expected vibration sources are water pumps, which
are located directly under the LINAC 1-area, the nearby
synchrotron magnets, which operate at a 50 Hz cycle, and
the ambient noise created within the institute building and
the nearby street. Measurements were conducted at three
key areas, emphasized in Fig. 1: the injection point of the
booster synchrotron (M1) as reference, the potential loca-
tion of the plasma cell at the former LINAC 1-area (M2),
and the potential laser position at the test beam area (M3).
For a fully operating facility, we obtain a spectrogram as
shown in Fig. 5. Therein, the fast Fourier transformed rms
velocities combining all three movement axes are shown.
To classify the measurement on the basis of the widely ac-
cepted vibration criterion (VC) curves [4], the spectrogram
is averaged within 1/3 octave band intervals and compared
to the VC classes. These measurements indicate a building
vibration classification of laser setup and plasma cell area
of VC-E: Assumed to be adequate for the most demanding
of sensitive systems including long path, laser-based, small
target systems and other systems requiring extraordinary
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dynamic stability. However, in all areas the influence of the
booster synchrotron magnets is clearly visible and additional
decoupling structures with damping capability around 50 Hz
should be considered for future setups of sensitive hardware
equipment. In addition, dynamic beam pointing correction
systems have been established at many contemporary LPWA
setups. Hence, the correction performance of such a system
in presence of the facility ground vibrations has to be inves-
tigated when a specific laser system and plasma cell design
has been chosen.

CONCLUSION AND OUTLOOK

Some requirements for the implementation of an LPWA
as injector for the ELSA facility can be fulfilled by using the
existing infrastructure, such as parts of the former energy
compressor system and the booster synchrotron to create a
homogeneous filling pattern from a femtosecond long LPWA
pulse with up to 5 % energy spread. The installation of a
high power laser system at the test beam area seems feasible
with the floor space available and the measured ground vi-
bration classification of VC-E. Other requirements, such as
the creation of a 2 nC bunch charge with acceptable energy
spread at a 50 Hz repetition rate is yet to be demonstrated
and feasibility investigations are currently ongoing. In addi-
tion, experimental verification of machine properties such as
the minimum and maximum injection energy, energy spread
and transverse acceptance of booster synchrotron and stor-
age ring will be carried out to further specify the required
LPWA parameters. Finally, an LPWA setup with suitable
design parameters has to be investigated.
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