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Dielectric Structures for Diagnostics and Beam Manipulation

• Advances in micro-manufacturing capabilities of dielectric materials open pathways to high-gradient 
laser-driven structures, as well as other novel compact schemes

• Two main applications

• Compact high-gradient acceleration (see next talk by Joel England and others)

• Compact charged particle beam diagnostics and phase space manipulation devices

• Multiple types of dielectric structures

• Modes of operation: Active (laser-/Thz-/beam-driven) vs. passive (wakefields, beam loss, …)

• Coupling: Orthogonal vs. co-linear

• Manufacturing: Top-down (Lithography,…) vs. bottom-up (3D-printing,…)

• Applications in compact / traditional / both types of machines

• Progress in the field driven strongly by the               collaboration and affiliated parties

Introduction

Only 6 slides

à Just a selection!
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Example #1

• Passive grating-type structure that can be used for position and spot size diagnostics
• As the electrons pass through the structure, radiation is emitted perpendicular to the grating surface. The wavelength depends on the 

periodicity of the grating à Wavelength and bandwidth of the radiation can be used to infer position and spot size

• Experiments showed ~10µm resolution

Classic: Dielectric Grating BPM

[1] K. Soong, et al.: Electron beam position monitor for a dielectric microaccelerator, Optics Letters Vol 39, No. 16 (2014)

In the experiment: 
800 nm channel, 
1 mm length, 
period from 800 nm to 1050 nm

The measured photon yield is comparable to the
predicted yield of Np ! 5000 photons given by Eq. (1),
based on simulation results indicating that only 1.2 pC
of the initial 8 pC effectively contribute due to the small
BPM aperture described previously.
Figure 4(a) shows the measured optical radiation

spectrum from two independent electron pulses at two
separate positions on the BPM. As predicted by the theory,
the two spectrums have an intensity peak at different
wavelengths. We fit each spectrum with an asymmetric
Gaussian function using a nonlinear weighted least-
squares regression, where each data point is weighted
based on its SNR. From this fit, we extract the intensity
peak and spectral width of the radiation spectrum.
Figure 4(b) highlights the function of the BPM, namely

the correlation between the radiation peak and the elec-
tron beam position. The data is in strong agreement with
the design parameter d!g"dx ! 2.5 ! 10!4, which is indi-
cated by the solid line in the figure. Using the spectral
data to calculate beam position, we find that the average
deviation of the calculated beam position relative to the
set beam position (from the encoded stage read back)
was 12 !m, or 8% of the beam spot size. However, any
systematic deviation can be readily compensated with
proper calibration. Therefore, a better indicator of the
performance of the BPM is the resolution. In this experi-
ment, the average resolution of the BPM was 10 !m or 7%
of the electron beam spot size.
We define the resolution of our BPM as the minimum

beam displacement necessary to generate a statistically

significant signal. Mathematically, the resolution of our
BPM is the 68% confidence coefficient of the spectral
peak, as determined by the previously mentioned asym-
metric Gaussian fit to the data. The resolution of our BPM
is highly dependent on the fabricated BPM geometry, as
well as the photon detector, the collecting optics, and the
quality of the electron beam. Additionally, the resolution
of the BPM scales as

!!!!!!!!!
N!1

c

p
, where Nc is the number of

photons collected.
Since the number of photons collected is limited only

by the photon integration time, we must bound Nc when
discussing the theoretical resolution limit of our BPM.
This is equivalent to constraining the SNR of our
measurement. For a peak SNR of 7.5#1, a spectrograph
bandwidth of 0.1 nm, and spectral sampling every 0.1 nm,
we calculate the theoretical limit of our BPM resolution
to be 1.6 !m. To achieve a 1 nm resolution BPM with the
same optical setup, we would require a sharper BPM
geometry where the gradient d!g"dx $ 0.4. The primary
challenge for demonstrating a 1 nm BPM is not the
fabrication of the structure, but rather the lack of a
suitable electron source for testing.

In addition to determining beam position, we can use
the profile of the radiation spectrum to deduce the spatial
profile of the traversing electron beam in one dimension.
Figure 5(a) demonstrates this feature through the corre-
lation between the measured electron beam spot size and
the measured spectral width of the radiation. The elec-
tron beam spot size was varied by changing the strength
of the electromagnetic focusing lenses, and the electron

Fig. 4. Demonstration of the BPM. (a) Two distinct radiation
spectrums generated by two independent electron pulses dem-
onstrating the BPM’s capability to encode beam position to a
radiated wavelength. (b) The peak of the BPM signal as a func-
tion of beam position. The highly linear response of the BPM
makes it ideal for a position sensor. The two arrows in the plot
correspond to the two datasets in (a). For both plots, the mark-
ers denote measured values while error bars indicate the 68%
confidence interval.

Fig. 5. (a) Demonstration of the BPM as a beam profiler. The
measured spectral width of the BPM signal shows a strong cor-
relation with the input electron beam spot size. The solid curve
shows the predicted relationship, while the dashed line denotes
the best and worst case spectrograph resolution scenarios.
(b) Verification of polarization dependence. The measured data
shows the cosine-squared dependency predicted by theory
(solid curve). Markers denote experimental data; error bars
indicate a 68% confidence interval.
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We report the fabrication and first demonstration of an electron beam position monitor for a dielectric microaccel-
erator. This device is fabricated on a fused silica substrate using standard optical lithography techniques and uses
the radiated optical wavelength to measure the electron beam position with a resolution of 10 !m, or 7% of the
electron beam spot size. This device also measures the electron beam spot size in one dimension. © 2014 Optical
Society of America
OCIS codes: (220.4000) Microstructure fabrication; (040.1880) Detection; (050.2770) Gratings; (120.0120) Instrumen-

tation, measurement, and metrology.
http://dx.doi.org/10.1364/OL.39.004747

Recent experiments have demonstrated the feasibility of
accelerating electrons in optical microaccelerator struc-
tures [1,2]. These demonstrations represent a critical first
step. However, a complete accelerator based upon opti-
cal acceleration requires not only the development of
high-gradient accelerator structures, but also suitable di-
agnostics and beam manipulation techniques, including
compatible small-footprint deflectors, focusing elements,
and beam position monitors (BPM) [3]. Integration of
these subcomponents into a wafer-scale accelerator that
can be mass-produced using available nanofabrication
techniques requires that they be constructed using com-
patible fabrication methods. This makes the possibility of
using the same structures for both the accelerator and for
the complementary beam manipulation and diagnostic
devices highly attractive.
High-resolution particle BPMs are essential for the

operation of linear colliders and free-electron lasers.
Modern applications of beam position detection, such
as the Large Hadron Collider BPMs, typically demon-
strate position resolutions of roughly 50 !m. A similar
concept can be realized using optical-scale dielectric
structures to achieve nanometer-scale position detection
resolution. The theory of operation for such a device was
presented in a previous Letter [4]. Here we report the first
successful fabrication and demonstration of such a
device.
The grating BPM operates as an inverse grating accel-

erator structure. The grating accelerator structure, first
presented in [5] and demonstrated in [1], uses an incident
drive laser to accelerate electrons in a narrow vacuum
region within the grating structure. To attain efficient ac-
celeration using this method the wavelength of the drive
laser must match the period of the grating structure, and
the polarization of the drive laser must point along the
direction of electron propagation.
In the inverse analog, the grating BPM structure is

driven by the electron beam and generates optical
radiation. The optical radiation generated will have a
wavelength equal to the period of the grating structure
and will have a polarization in the direction of electron

propagation. By varying the period (!g) of the grating
BPM structure in a direction perpendicular to the motion
of the electron beam, we induce a direct relationship be-
tween the position of the electron beam and the optical
radiation signal. The position and transverse size of the
electron beam is then measured through the spectrum of
the optical radiation. This concept is depicted in Fig. 1.

The clam-shell geometry of the BPM structure used for
this demonstration was designed to have an 800 nm gap,
a 50% duty cycle, and a period varying linearly from 800
to 1050 nm over a distance of 1 mm. A simulation of this
structure was performed using a finite element method
solver following the procedure detailed in [4]. From
the simulation results, we calculate an average character-
istic impedance of Z ! 78 " for the BPM structure,
based on the method reported in [6]. For unbunched elec-
trons, this corresponds to a maximum photon yield of

Np !

!!!!!!!!!!!!!!!!!!!!
GNeqL!g

hc

r
; where G !

qcZ
!2g

: (1)

Here, G is the effective retarding gradient, Ne is the num-
ber of electrons, q is the electron charge, L is the struc-
ture length, h is Planck’s constant, and c is the speed of
light [7]. The average retarding gradient of our structure
is G ! !4.4 kV!m.

Fig. 1. Conceptual depiction of the BPM operation. (Left) The
characteristic clam-shell geometry of the BPM structure.
(Right) Each colored arrow represents a different position of
the electron beam. The BPM will radiate at a position-
dependent wavelength, which can be used to measure the
position of the electron beam.
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Demonstrated

Figure from [1]Figure from [1]

The BPM structure was fabricated by patterning two
fused-silica wafers to create the top and bottom halves
of the BPM, followed by a bonding process to produce
the complete BPM. The patterning process was accom-
plished through standard optical lithography with an
ASML PAS 5500 i-line stepper followed by reactive ion
etching with an Applied Materials P5000 etcher. Measure-
ments of our fabricated BPM devices show the grating
period varying linearly from !g;min ! 808" 6 nm to
!g;max ! 1053" 5 nm, with a 46% duty cycle, as illus-
trated in the false color SEM images shown in Fig. 2.
Once the clam-shell geometry of the BPM structure is

patterned and etched onto wafers, two patterned wafers
are prebonded inside an Electronic Visions 620 aligner
before undergoing a final anneal at 600°C. The bonded
structures were found to have a longitudinal misalign-
ment of 0.6 !m. Measurements on a Zygo white light
3D surface profiler show the gap between the top and
bottom halves of the bonded BPM structure to be 783"
47 nm across an entire wafer containing many BPM
structures. In the final fabrication step, the bonded wa-
fers of the BPM structures are diced into individual BPM
samples for electron beam testing. Based on the geom-
etry of the fabricated BPM structure, particularly
d!g!dx, we expect a 0.25 nm shift in the radiated wave-
length per 1 !m of electron beam displacement.
Electron beam demonstration experiments were con-

ducted at SLAC National Accelerator Laboratory using
the Next Linear Collider Test Accelerator. This facility
is equipped with a photoinjector electron gun and a
X-band microwave accelerator, which produces pulses
of 60 MeV electrons that are 1 ps in duration with 10
pulses per second and a full width at half-maximum en-
ergy spread of 25 keV. Figure 3 illustrates the critical
components of our experimental setup. The electron
beam is focused onto one of the BPM samples using
high-field magnetic lenses with a combined focal length
of approximately 2 cm to produce a root-mean-square
(RMS) electron beam spot size of 150 !m in both dimen-
sions with 8 pC of charge per electron pulse. The BPM
test sample is mounted on an encoded precision transla-
tion stage. After traversing the BPM test sample, a point-
to-point imaging spectrometer magnet is used to disperse
the electrons in energy and the electron energy spectrum
is observed on a Kodak Lanex scintillating screen by an
intensified camera. Due to the submicrometer aperture
of the BPM structure, only 1%–2% of the incident

electrons are estimated to transmit ballistically through
the vacuum channel of the device. Correct alignment of
the electron beam to the submicrometer aperture is
verified by observing the energy distribution of the trans-
mitted portion of the electron beam.

The optical radiation from the BPM structure is emit-
ted as a 150 !m ! 1000 !m beam, which has a Rayleigh
length of approximately 3 cm in the narrow dimension
and is collimated in the broad dimension. The beam was
collimated with a cylindrical focusing lens, and trans-
ported by a series of gold mirrors to a Newport MS260i
spectrograph, with a Hamamatsu R5509-73 photomulti-
plier tube (PMT) as the detector. A strong aspherical
focusing lens was used to f -number match to the spectro-
graph. For our measurements, the slits on the spectro-
graph were set to admit a 10 nm bandwidth.
Additionally, an opaque shutter was used to block the op-
tical signal to distinguish between optical radiation and
the background x-ray noise. The total photon transmis-
sion of this optical system is approximately 22%. It should
be noted that the BPM radiates photons equally in the#y
and !y direction, which allows for the possibility of dou-
bling the photon collection rate by simply implementing a
mirrored surface on the !y face of the BPM structure.

We measured the optical radiation spectrum at 14
unique positions on the BPM structure, each spaced 25"
3 !m apart. This was accomplished by holding fixed the
electron beam while translating the BPM structure hori-
zontally. At each position on the BPM, we sampled the
radiated spectrum at 45 distinct wavelengths, spanning
the wavelength range of 650 to 1100 nm. At each wave-
length, we recorded and averaged the signal from 100
electron pulses. From the data, we estimate that each
electron pulse generated 4500 photons, of which, 1000
photons were transported to the optical spectrograph.
These 1000 photons were further spectrally dispersed
such that a maximum of 100 photons were incident on
the PMT for any given wavelength. This produced a peak
signal-to-noise ratio (SNR) of 7.5"1 for our typical dataset
after accounting for the quantum efficiency of the PMT,
the x-ray background noise, and electronic noise. The
noise in our signal was shot-noise dominated. A constant
baseline was subtracted from each dataset to account for
the background x-ray noise, which we found to be
approximately 10 x-ray photons per electron pulse.

Fig. 2. Microscope/SEM images of a fabricated BPM half
structure. Insets show magnified versions of the regions
indicated by the white squares. False color SEM images depict
different grating periods at opposite ends of the structure. Fig. 3. Schematic (not to scale) showing the critical compo-

nents of the electron beam experimental setup and the photon
optics setup.

4748 OPTICS LETTERS / Vol. 39, No. 16 / August 15, 2014
Figure from [1]
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Example #2

• Passive grating-type structure that can be used for non-destructive, single shot bunch length and 
beam profile measurement with femtosecond resolution
• As the electrons pass along a grating structure, radiation is emitted from the surface. The spectrum depends on the spectral content of 

the longitudinal charge distribution of the bunch à Bunch length information can be retrieved [2-4]

• Multiple gratings with different periodicities can be used to sample a larger spectral width

• Phase retrieval algorithms allow the reconstruction of the charge profile with femtosecond resolution

Dielectric Grating as High-Resolution Beam Profile Monitor

[2] N. Delerue et al.: Bunch length measurements using coherent Smith-Purcell Radiation with several gratings at CLIO, Proc. IPAC2018, Vancouver WEPAL034 (2018)
[3] I. V. Konoplev et al.: Single shot, nondestructive monitor for longitudinal subpicosecond bunch profile measurements with femtosecond resolution, PRAB 24,022801 (2021)
[4] W. Kuropka, PhD Thesis, University of Hamburg 2019, p. 68ff  

Simulation

4 Novel Concepts for Dielectric Gratings as Particle Beam Diagnostics

discreetly sampled frequencies.

For a bunch with high charge like in an FEL the method can be single bunch compat-
ible. It is generally parasitic due to the low expected photon yield. A charge calibration
might be possible with a DC particle beam cutting the necessity of an additional charge
measurement. A transversely symmetric setup is preferable removing the dependence on
beam position on the total photon yield and even allowing the extraction of the beam po-
sition from the relative signal power in di↵erent directions. The resulting sensors would
be very compact consisting of the dielectric gratings attached to suitable semiconductor
detectors dependent on the operating wavelengths and separated by a non-transparent
material as shown in figure 4.4. The device can be in the centimeter to millimeter scale
depending on the operating wavelengths and lengths of the individual grating elements
to provide su�cient photon yield.

z x 

λg1 λg2 λg3 λg4 λg5 

detectors 

grating 
periodicity 

Non-transparent separation 

e- 
current profile 

power 
radiated 

x 

x 
x x x 

current 
spectrum 

Figure 4.4: A schematic of the device design consisting of multiple dielectric gratings
with di↵erent periodicity �gn. The semiconductor detectors are attached to
the backside of the grating and separated by a non-transparent barrier. The
Gaussian current profile of the electron bunch is assumed to have spectral
content at �g1 and �g2 but not at the shorter periodicity gratings, where only
the incoherent power level occurs. A coherent response is expected from a
grating with periodicity longer than the bunch length.

The plausibility of such a device has been shown as a dielectric grating based beam
position monitor [46]. It leverages the change in the spectrum of radiation from a trans-
versely chirped grating by changing the beam position in the grating plane. The sensi-
tivity of optical spectrometers to detect changes in this spectrum makes nm-resolutions
possible if high enough beam current is present to produce su�cient photon yields.

70

Figure from [4]

mechanisms apart from cSPr that can be used to generate
the coherent radiation: diffraction, transition, synchrotron,
Cherenkov and FEL radiation. One of the disadvantages
of these processes compared with Smith-Purcell is the
need for additional vacuum lines to transfer the THz and
FIR radiations to a set of spectrometers [12–16]. Although
the radiation propagates in vacuum, there is inevitably
signal loss and also several bunches are usually required
to measure the full spectrum for the bunch profile
reconstruction; i.e., these are not a single shot techniques.
In the case of monitors based on Cherenkov radiation that
use a dielectric slab for the generation of the radiation, there
are additional drawbacks: the complex refractive index of
dielectric materials in this frequency range (THz and FIR)
is not well understood [20]; dielectric materials can degrade
with time due to the harsh environment (x rays, high energy
debris, etc.) prevailing inside accelerators; such materials
may be a source of secondary electron emission affecting
the vacuum and the system operation. The undulator
radiation (FEL radiation) has advantages similar to that
of the SP radiation: no target degradation, resolved
issue with signal-noise separation and a well understood
process; however, it requires external spectrometers and an

expensive and comparatively long undulator (assuming a
period of 1.5 cm, one may require an undulator with at least
20–30 periods). On the other hand, the length of a grating
needed to observe a measurable cSPr signal does not
exceed a few centimeters. The grating itself operates as
radiator and as an effective dispersive medium (Fig. 1)
making unnecessary the use of external spectrometers. The
use of a metal target makes it reliable and predictable,
removing the disadvantages of Cherenkov based monitors.
A cSPr based monitor can also be compact, with a footprint
on the beam line of around 60 centimeters, depending on
the monitor optics [7–9], reliable, vacuum safe for an
accelerator facility and relatively economical.
In all schemes that rely on spectral analysis of the

emitted radiation for the bunch profile reconstruction, the
separation of the useful signal from the background noise is
essential and one of the major challenges. The background
signal is not only associated with the radiation generated
up- or downstream from the monitor, it is also radiation
generated from the apertures (diffraction radiation), target
holders and other parts of the monitor itself that are exposed
to the relativistic beam. This is a difficult problem and for a
single shot monitor it can only be resolved, at the current

(a)

(b)

FIG. 1. (a) Schematic of a one-dimensional (1D) metal grating and coherent Smith-Purcell radiation generation via scattering of the
surface charges and dispersion. (b) 3D numerical drawing of the 1D grating by MAGIC 3D software package used for the studies; the inset
shows the grating profile.

I. V. KONOPLEV et al. PHYS. REV. ACCEL. BEAMS 24, 022801 (2021)

022801-2

Figure from [3]

Transparent Dielectric 
Gratings can be coupled 
directly to a detector device 
or fiber à More compact

been generated using all the available data points. This set
of recent experiments [7–9] resulted in a better under-
standing of the fundamental properties of cSPr and stimu-
lated the next step—the development of the single shot
monitor.

III. OPERATION AND THE DESIGN OF THE
SINGLE SHOT cSPr BUNCH PROFILE MONITOR

In this section we outline and discuss the conceptual
design and operation of a cSPr monitor capable of
measuring the time profile of subpicosecond (femtosecond

FIG. 4. (a) The 3D technical drawing of the 3 grating monitor (the vacuum chamber is transparent for clarity) with the inset showing
the vacuum chamber. The electron beam trajectory is shown by line (1), vacuum flanges (2) support the movable rods which are used to
adjust the gratings’ positions, the mirrors (3) redirect the signal from the targets to the polarization splitters (4). The radiation emerges
through the silicon windows (5) and narrow passband filters (6) can be used to filter unwanted frequencies. The signals are measured by
a detection system consisting of detectors (7) and Winston cones (8). The inset illustrates the vacuum chamber with the vacuum ports,
detectors (7) and beam trajectory (1); (b) the schematic of the cSPr monitor. The background and cSPr signals are separated via
polarization measurements, as shown in the inset.

I. V. KONOPLEV et al. PHYS. REV. ACCEL. BEAMS 24, 022801 (2021)

022801-6

Figure from [3]Sophisticated detector 
design for radiation 
from metallic gratings
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Example #3

• Passive segmented dielectric-lined waveguide allows for semi-arbitrary LPS shaping
• Electron bunch induced wakefields in a DLW are given by the convolution of the bunch current profile with the geometry dependent

single particle wake potential à Wakefields can act back in the bunch itself, or a subsequently injected witness bunch

• Wavelength and amplitude of the fundamental mode vary strongly for different lining thickness and inner radius

• High gradients can be achieved

Dielectric-Lined Waveguides for Longitudinal Phase Space Synthesis

[5] F. Mayet et al.: Longitudinal phase space synthesis with tailored 3D-printable dielectric-lined waveguides, Phys. Rev. Accel. Beams 23, 121302 (2020)

Simulation

Figure from [5]

Figure from [5]

Segmented structure with transition regions 
à Combine multiple frequencies/amplitudes 
à Fourier synthesis
Dimensions: Length: cm-scale; aperture: mm-scale

Structure is optimized for specific input (see 
[5] for tolerance study); shape can be 
exported directly to a 3D-printer; goal here: 
correlated energy spread removal

Note: Also possible with slab structures 

(cf. talk by F. Lemery earlier)
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Example #4

• Fused silica double gratings as passive, tunable wakefield sources for beam shaping
• Period: 50 µm, gap: 10 – 100 µm

• Manufactured by FEMTOprint SA using a laser etching process

• Wakefield spectrum as a function of gap size measured at PSI

Wakefield Shaping with Dielectric Micro Gratings 

All figures courtesy of Benedikt Hermann (PSI) 

Demonstrated
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Example #5

• Nanofabricated gold wires allow for sub-micrometer resolution beam size measurements 
and 4D tomography of the transverse phase space
• Gold wires oriented at different angles (wire width: 1 μm)
• Fabricated by LMN at PSI, e-Beam lithography
• Measure 1D beam profiles with downstream loss monitor
• Smallest measured beams 𝜎 ≈ 450 nm [6]
• 4D Transverse beam tomography possible [7]

Phase Space Tomography with a Nanofabricated Wire Scanner

Demonstrated

[6] S. Borelli et al.: Generation and measurement of sub-micrometer relativistic electron beams, Communications Physics 1, 52 (2018)
[7] B. Hermann, et al..: Electron beam transverse phase space tomography using nanofabricated wire scanners with submicrometer resolution ,PRAB 24, 022802 (2021)
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Questions

1) Where do you see HEP applications of advanced accelerators in 30 years?

• Compact diagnostics and beam manipulation devices are a necessary component of future compact 
accelerators and will hence be an essential part of any HEP-relevant development in the next 30 years.

3) What is the synergy with related fields?

• We note that any type of compact accelerator will require equally compact diagnostics and beam 
manipulation devices. At the same time more traditional machines can also benefit.

4) What is the role of your work here?

• Compact diagnostics and beam manipulation devices can have an impact on large-scale high-energy 
physics machines by supplying the necessary information on the particle beam at many different points 
for efficient tune up, employment of advanced control schemes and sustained high luminosity during 
operation. Also, they could alter beam quality by shaping the phase space of input beams from high 
gradient injectors. All of the example concepts presented here can contribute to these goals. 

Part 1 (answered from the diagnostics and beam manipulation point of view)
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Questions

1) What are the important milestones for the next 10 years to get there from today?

• Many of the presented concepts have already been demonstrated in proof of principle experiments; 
others are in a conceptional or design phase. It will be important to transfer the concepts into reliable 
devices within the given timeframe. This requires enough R&D resources and beamtime. 

2) What additional support is needed to achieve these?

• Many of the advanced concepts can be tested at existing facilities, but sufficient R&D resources 
(funding/personnel/beamtime) need to be allocated. Advanced manufacturing capabilities are not always 
present at existing facilities.

Part 2 (answered from the diagnostics and beam manipulation point of view)
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Questions

1) What key R&D needs can be achieved in existing R&D facilities?

• Several already existing facilities around the world are suitable for testing novel diagnostics and beam 
manipulation schemes (such as SwissFEL, SINBAD/ARES and others). It is important, however, to 
ensure enough beamtime and other related resources are available. A dedicated test facility would 
accelerate the development of novel schemes substantially.

• We note that the required manufacturing techniques, while being well established in general, are usually 
not readily available at accelerator facilities.

4) Is a completely new facility needed?

• A dedicated test facility with the required manufacturing capabilities would accelerate the development 
process substantially. 

Part 3 (answered from the diagnostics and beam manipulation point of view)



Thank you!
Acknowledgements: 

ACHIP Collaboration, Benedikt Hermann, Rasmus Ischebeck, Willi Kuropka, Francois Lemery

Setup at SwissFEL, PSI Setup at SINBAD/ARES, DESY


