©

©=2d Content from this work may be used under the terms of the CC BY 3.0 licence (© 2021). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI

12th Int. Particle Acc. Conf.
ISBN: 978-3-95450-214-1

IPAC2021, Campinas, SP, Brazil
ISSN: 2673-5490

JACoW Publishing
doi:10.18429/JACoW-IPAC2021-TUPAB119

BEAM LOSS STUDY FOR THE IMPLEMENTATION OF DECHIRPER
AT THE EUROPEAN XFEL

J.J. Guo'*, University of Chinese Academy of Sciences, Beijing, China
W. Decking, M. Guetg, S. Liu®, W. L. Qin, I. Zagorodnov, DESY, Hamburg, Germany
Q. Gu!, SARI, Shanghai, China
lalso at SINAP, Shanghai, China

Abstract

The European XFEL is a free-electron laser facility based
on superconducting linac with high repetition rate up to
4.5 MHz. Wakefield structure (also called dechirper mod-
ule) is planned to be installed in front of the SASE beam
line at the European FEL, which can be used as a kicker for
two-color scheme or a dechirper to control the bandwidth of
SASE radiation. When the beam pass through the dechirper
module, strong longitudinal and transverse wakefields can
be excited to introduce a correlated energy chirp and a kick
along the bunch. However, due to the relatively small gap
of dechirper, beam halo particles hitting the dechirper mod-
ule can lead to energy deposition and generate additional
radiation, which can cause serious damage to the down-
stream undulators. For this reason, simulations have been
performed using BDSIM to define the maximum acceptable
beam halo, and the results are presented in this paper.

INTRODUCTION

The European XFEL is designed to be operated with beam
energy up to 17.5 GeV with 10 Hz pulsed mode carrying a
maximum of 2700 bunches per macro pulse [1]. The high
beam power 500 kW together with the high loss sensitivity
of the undulators raises serious radiation damage concern.
This concern is a common issue for all high power machines
(e.g. LCLS-II [2], SHINE [3]).

The dechirper module, also called wakefield structure,
is capable of manipulating the electron beam longitudinal
and transverse phase space to tailor the FEL performance in
temporal and/or frequency domain. The longitudinal wake-
field introduces a correlated energy chirp along the bunch
which can be used to increase or to decrease the radiation
bandwidth of SASE, and the transverse dipole wakefield
introduces a correlated kick along the bunch which can be
used for beam diagnostics or fresh-slice lasing schemes. Suc-
cessful experiments using the RadiaBeam dechirper as a fast
kicker for fresh-slice applications have been demonstrated
at the LCLS [4-6] with low repetition rate.

At European XFEL with high repetition rate, a dechirper
device to be placed upstream of SASE1 undulator is being
investigated for fresh-slice applications. Despite the above
mentioned benefits of the dechirper, due to the high beam
power and the small gap of the dechirper, large beam losses
can be produced when a beam with large beam halo ex-
tension passes through the dechirper. Secondary particles
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generated in this process may be transmitted downstream
and cause radiation damage to the downstream undulators.
Therefore evaluation of the beam loss and radiation dose is
crucial for the implementation of the dechirper. In this paper,
beam loss simulations using beam halo with extension up to
different number of beam size sigmas have been performed
using BDSIM code [7].

THE LOCATION AND GEOMETRY
OF DECHIRPER STRUCTURE

In the simulation, two dechirper modules are located up-
stream of SASE1 and downstream of SASE2 distribution
kickers, as indicated by the red arrow in Fig. 1 below. The
geometry of the dechirper module is shown in Fig. 2, where
the dechirper module is horizontally oriented. Detailed pa-
rameters of the dechirper module are listed in Table 1, which
are taken from Reference [8].
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Figure 1: The design optics along SASE1 and SASE3, and
the position of dechirper. The red arrow points to the position
of dechirper.
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Figure 2: Geometry of the dechirper module.
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Table 1: Parameters of One Dechirper Module

Parameter Name Value (mm)
Depth, h 0.5
Gap, t 0.25
Period, p 0.5
Half aperture, a 0.7
Half width, w 6
Length, L 2000
SIMULATION MODEL

The model used in the simulations is depicted in Fig. 3,
which starts from the dechirper element and includes down-
stream transport line quadrupoles to SASE1, SASE1 undu-
lators and the undulator quadrupoles in the intersections.
The vacuum chambers with two chamber aperture transi-
tions are also included in the model: first from ¢40.5 mm to
¢ 10 mm followed by the elliptical undulator vacuum cham-
ber with semi-major axis length of 7.5 mm and semi-minor
axis length of 4.4 mm. Electron beam parameter settings
used in the simulation are listed in Table 2. The beam halo
is generated from BDSIM [9] with a flat distribution in
phase space and it only starts from 10 beam size sigma up
to different number of sigmas (15 sigma to 20 sigma) to

increase the statistics.
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Undulator ‘i ‘
or

Figure 3: Geometry from dechirper to SASE1 used in the
BDSIM simulation.

B-g
\ B-g B g .
! A

Table 2: Beam Parameters Used in Simulations

Parameter Name Value Unit
Beam energy, E 14 GeV
Alpha function, a,/a,, 1.25/-1.67
Beta function, ,/8, 19.93/27.56 m
Emittance, €,/¢, 0.64/1.09 pum
Number of primary particle, N 4x106
Beam halo start sigma, o +10
Beam halo stop sigma, o +(15-20)
ENERGY DEPOSITION
AND RADIATION DOSE

In our simulation, a total number of 4x10° electrons
with different number of sigmas were generated to trans-
port through the dechirper module, and the energy losses
were recorded. The energy loss map from the dechirper to
the end of SASE1 is shown in Fig. 4. It can be seen that
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the losses start at the dechirper location and then decrease
along the beam line, however, there is a large increase of
losses near the entrance of SASE1, which can be attributed
to the two vacuum chamber aperture transitions at the un-
dulator entrance. Along the undulator beam line, one can
observe another two peaks around 210 m and 320 m. These
two peaks might be generated by the large period betatron
oscillations from the particles scattered in the dechirper.
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Figure 4: Energy loss per element per event from the en-
trance of dechirper to the end of SASEI beam line. The
horizontal error bar indicates the length of the element and
the vertical error bar indicates the statistic fluctuation of the
simulation.

In Fig. 4, one can also see that, the maximum energy
deposition after vacuum chamber transition is at around
210 m. According to the energy deposition distribution,
radiation dose map can be obtained by BDSIM Scoring [10],
as shown in Fig. 5 for the case with 20 sigma halo extension.
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Figure 5: Example of scoring map of undulator cross-section
for beam halo extension with 20 sigma.The orange ellipse
indicates the elliptical undulator vacuum chamber, the red
square with solid line indicates the magnet of undulator
and the red square with dotted line indicates the pole of
undulator.

The radiation loss generated per hour can be derived from
the following equation:

D=R-N,-F-N,-T, (H
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where R is the radiation dose per event (one event is one
electron) in Gray, N, is the total number of electrons in one
bunch, F is the fraction of beam halo (from 10 sigma to
15-20 sigma) within one bunch!, N, is number of bunches
per second, 7 means one hour of machine running time and
D means the radiation dose per hour.

Using Eq. (1) and the results from Fig. 5, we ob-
tained the dose for the case of 20 sigma halo extension
as Dyyigma=2.85 Gray per hour for the maximum N;, of
27000 and N, of 1.56x10° (for the bunch charge of 250 pC).
According to previous radiation damage studies on the Euro-
pean XFEL undulator system [12, 13], the maximum accept-
able dose is estimated to be about 55 Gy/10 years, which
means no more than 0.04% demagnetization occur in 10
years of operation. If we assume 300 hours per year for
dechirper related studies, then the acceptable dose per hour
Dycceptable per hour WOuld be 0.0183 Gray. In order to esti-
mate how many number of sigma is acceptable, we reduced
the number of sigma from 20 sigma to 15 sigma and calcu-
lated the corresponding dose per hour, as shown in Fig. 6.
From the results shown in Fig. 6, 16 sigma of beam halo
extension is acceptable. However, in order to run more shifts,
below 16 sigma would be optimal.
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Figure 6: Radiation dose obtained from simulations with
different extension of beam halo.

Please note that the above mentioned results are only valid
for the vertical beam halo with the design optics. One can
certainly modify the orientation of the dechirper and/or the
optics to loose the constraints. For example, if two dechirper
modules were installed vertically, maximum acceptable
sigma of beam halo would be 32 sigma, because betafunc-
tion and emittance in X direction (Vertical dechirper) are
much smaller than in Y direction (Horizontal dechirper) (see
Fig. 1 and Table 2).

BEAM HALO MEASUREMENTS

In order to characterize the beam halo in the current op-
erated machine, beam halo measurements have been pre-
formed using one wire scanner near the potential dechirepr
installation location. Measurements have been performed

! The fraction of beam halo beyond 10 sigma is estimated to be less than
1x107* [11,12], here we take 1x10™* as the worst case scenario.
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with 250 pC beam charge and with ¢8 mm main collimator
apertures [14]2. One example of the measured horizon-
tal and vertical beam halo distributions with two detectors
(beam loss monitors) is presented in Fig. 7, which shows that
the horizontally and vertically measurable beam halo are
constrained in 30 ¢ and 20 ¢ level, respectively. The origin
of the beam halo is still under investigation. Unfortunately, it
is difficult to calculate the fraction of beam halo from these
measurements due to limited dynamic range of the detectors.
However, as we mentioned before, a rough estimation of
fraction of beam halo beyond 10 sigma would be less than
1x1074.
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Figure 7: One example of horizontal (left) and vertical (right)
beam halo distributions measured by the wire scanners up-
stream of SASE1. Two detectors (in blue and red) with
different high voltage settings have been used for the mea-
surements.

DISCUSSIONS AND PROSPECTS

In this paper, beam loss simulations from 15 sigma to
20 sigma of beam halo have been performed for the case
with two horizontal dechirper modules. Simulation results
showed that, below 16 sigma of beam halo would be optimal
for running 300 hours per year. If two dechirper modules
will be installed vertically, maximum acceptable sigma of
beam halo would be 32 sigma. We have also tried to extend
the number of dechirper modules to three, however, in this
case, we have observed even more energy deposition and
radiation dose in the downstream undulators. Beam halo
measurements using wire scanners have been performed near
the potential dechirepr installation location. Measurements
will be continued to investigate the beam halo origin and
intensity.

In the future, we will add additional shielding/collimation
downstream of the dechirper modules in our simulation and
check if they can help to reduce the doses in the undulators.
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2 In normal operation, ¢»6 mm apertures are usually used for the four main
collimators, and the smallest apertures are ¢4 mm.
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