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Abstract

FLUTE (Ferninfrarot Linac- Und Test-Experiment) is a
compact versatile linear accelerator at the Karlsruhe Institute
5 of Technology (KIT). It serves as a platform for a variety
o of accelerator studies as well as a source of strong ultra-
o short THz pulses for photon science [1]. In the commis-
g sioning phase of the 7 MeV low energy section the electron
§ bunches are used to test the different diagnostics systems in-
‘g stalled in this section. An example is the split-ring-resonator-

experiment [2]. In this contribution we report on the com-
‘2 missioning status of the beam diagnostics and present first
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BEAM DIAGNOSTICS

Various beam diagnostics for the measurement of the elec-
2 tron bunch charge, the transverse beam profile and position
f are installed in the low energy section of FLUTE, which is
2 currently under commissioning [3,4]. Before discussing the
£ first beam measurements in this paper, an overview of the
= different diagnostic components are given.
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igure 1: Schematic drawing of the low energy section, in-
luding all planned beam diagnostics. A complete overview
is given in [4].

o

Turbo-ICT

For precise charge measurement we are using a Turbo
2 Integrating Charge Transformer (Turbo-ICT) from Bergoz
'é Instrumentation. This device has a sub-pC resolution and a
§ noise floor of 10 fC rms, which is needed for the low charge
< operation mode of 1 pC. The Turbo-ICT is working in the
=
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frequency domain and thus suppresses signals other than the
electron beam. This includes noise from electromagnetic
pulses (EMP) and dark current from the e-gun, which was al-
ready verified in the commissioning of the beam diagnostics.
The position of the Turbo-ICT is 1.13 m from the cathode
surface of the e-gun. Depending on the settings of solenoid,
laser power and RF accelerating field in the e-gun, the charge
measurement reached 7 pC so far. For control and readout
the company provides a LabVIEW interface, but the raw
charge signal is also captured during operation.

Faraday Cup

A second charge measuring device in the low energy
section of FLUTE is the Faraday Cup FARC-04 from Ra-
diaBeam Technologies. For the commissioning phase of
this section it is mounted instead of the linac, 3.05 m after
the cathode surface. Eventually, the Faraday cup will be
mounted at the end of the spectrometer pipe as it is shown in
Fig. 1. The device is connected directly to an oscilloscope
for the first measurements. For the charge value the integral
of the signal is measured, where we obtained charges up to
5 pC.

Beam Position Monitor

In the low energy section three beam-position monitors
(BPM) are installed. Two are placed in the straight beam
pipe, 0.9 m and 2.61 m, after the cathode surface. To fa-
cilitate energy measurements, the third BPM is positioned
2.6 meters after the cathode in the spectrometer pipe (see
Fig. 1). These cavity BPMs of type BPM38 are designed
and supplied by the Paul-Scherrer-Institute (PSI) [5]. The
transversal position and the charge of the bunch are provided
by the readout electronics. In comparison to the other charge
measurements at FLUTE the first BPM after the e-gun shows
charges up to 5 pC, and around 15 % less at the downstream
BPM.

Screen Monitors

In order to get information about the transversal beam
profile, two screen monitor systems have been installed in
the low energy section, which were used at the SwissFEL
Injector Test Facility [6]. They consist of a screen holder
and an optical box. The screen holder is motorized and
has three slots which can be positioned in the electron path.
The screens are: a cerium-doped yttrium aluminum garnet
(YAG) crystal for scintillation light and an aluminum-coated
silicon mirror for optical transition radiation (OTR). For the
calibration of the camera system a calibration target from
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Figure 2: Zoom at one measured beam profile on the YAG
screen, with removed dark current background.

Thorlabs Inc. is mounted on the screen holder as well. The
screens are facing the beam axis with an angle of 45°.

In the optical box the imaging system, consisting of a
camera and lens, is shielded from any background light. For
the beam profiles images we use a Basler acA1300-60gm
CMOS camera in combination with a 85 mm focal length
lens. In Fig. 1 the position of the two screen monitors are
shown. Both are placed at a distance of 2.86 m from the
cathode surface. The imaging system of the screen monitor
in the spectrometer pipe has been calibrated to a imaged
pixel size of (30.2 + 0.02) um in horizontal and (28.2 +
0.02) um in vertical direction. In the straight beam pipe it
has been calibrated to (28.3 + 0.04) um in both directions.

The EPICS control system at FLUTE is used for the cam-
era communication via an IOC based on the Basler software
package Pylon 5 [3]. A MATLAB tool was developed for
readout and preprocessing the camera images during opera-
tion. Due to the low charge and energy in the commission-
ing of the low energy section, only the more sensitive YAG
screen was used in profile measurements. A recent beam
profile measurement is shown in Fig. 2.

Split Ring Resonator Experiment

The first experiment at FLUTE is currently under construc-
tion, based on the collaboration between PSI, University
of Bern and KIT [2] and is supported by the EU-H2020-
project ARIES-Trans National Access (TNA). The goal of
this single-shot THz streaking experiment is to measure the
longitudinal charge density of ultra-short bunches as a func-
tion of time. To achieve a compact setup a laser-generated
THz pulse is focused onto a split-ring resonator (SRR), a
small metal ring with a gap. This SRR leads to an intense
electric field in the small gap (20 x 20 um?) that streaks
the electrons flying through the gap transversely. After a
drift section, the electrons are subsequently measured with a
YAG screen and a camera. The THz pulse used to excite the
SRR is intrinsically synchronized with the electrons as they

MC6: Beam Instrumentation, Controls, Feedback and Operational Aspects

TO03 Beam Diagnostics and Instrumentation

IPAC2019, Melbourne, Australia

JACoW Publishing
doi:10.18429/JACoW-IPAC2019-WEPGWO10

are produced by the same laser pulse that also generates the
accelerated electrons in the gun.

This experiment is placed in a multi-purpose chamber
in front of the spectrometer dipole, 1.72 meters after the
cathode. Before the measurement phase can be started, three
requirements need to be satisfied: (a) The THz generation
next to the experiment, (b) The positioning of the SRR struc-
ture relative to the beam, (c) Synchronization, control and
stability of the electron bunches. The generation of THz
pulses with the FLUTE laser system was already accom-
plished [7]. For the set-up next to the experiment chamber
the optics are currently being built up on a moveable plate.
The precise positioning of the structure is important due to
the 20-um-sized gap. A system using a guiding laser as refer-
ence point for the electron bunch will be installed. Recently,
we have achieved reliable synchronization between laser and
RF-pulses in cooperation with our partners from DESY.

BEAM PROFILE MEASUREMENTS

For the first measurements of the transversal beam pro-
file, the screen monitor in the straight spectrometer beam
pipe was used. The measurements were done with laser
synchronization in operation and the repetition rate of the
RF pulses was set to 1 Hz. The laser pulses of 50 puJ were
hitting the cathode surface with 1 kHz repetition rate. The
bunch charge was measured with the Turbo-ICT to 5 pC.
The RF system was set to an output power of 4.2 MW, which
leads to an electron energy of around 3.5 MeV. The solenoid
after the e-gun was used to focus the electron beam on the
YAG screen.

Measurements and Image Processing

The measurement started by capturing the dark current
induced only by the RF-power in the e-gun, which is used
for background noise subtraction in the image processing.
After turning on the laser pulses on the cathode, electron
bunches were generated. With our graphical user interface
for the screen monitor, 120 beam profile images were taken
to determine the position and the RMS width of the electron
beam on the screen.

A region of interest (ROI) filter was used to locate the
beam profile on the screen image. This uses a noise level es-
timation, which is done by sorting the intensity of the pixels
in a histogram and fitting an asymmetric Gaussian function.
The image, subtracted by the mean noise, is convoluted with
a 7x7 Gaussian filter. Searching for the highest intensity en-
try in the filtered image gives us the area of highest intensity
in the original image and thus the beam profile. As final
step a mask is created by the ROI filter, to set all other pixels
than the beam profile to zero. For this mask a threshold level
factor is provided, which defines the beam level. A setting
of 2.0 for this factor seem to be satisfactory.

Results

The mean profiles of 120 beam images are shown in Fig. 3,
split in horizontal and vertical component. For further anal-
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€ Figure 3: Horizontal (in red) and vertical (in blue) projection
2 of the beam profiles after image processing. The mean pro-
£ file is indicated as dark line. The light area spans between
£ minimum and maximum value of the measured 120 profiles
.5 at each position.

uth

ysis, the mean position on the screen u and the RMS width
of the profiles were calculated, using:

p= Y xpi, 2=y (i-pfpi, RMS=o?, (1)

s work must maintain attribut

£ with the variance o2, the pixel position x; and relative inten-
% sity pi. The position on the screen in horizontal direction
§is px = (2.06 £ 0.09) mm and in vertical direction uy =
g (2.30 £ 0.14) mm. The transversal width of the 120 profiles
g is (1.41 + 0.08) mm in horizontal and (1.46 + 0.13) mm in
ivertical direction. If needed the steerer magnets together
£ with the BPMs can be used to correct the slight off-center
z position of the beam.

S The electron beam profile strongly depends on size and
8 shape of the laser spot used to produce the electrons. We use
Téa lens to focus the laser to get a small spot on the cathode.
§Using the machine settings mentioned above and assum-
Zinga laser spot size of 0.4 mm (FWHM), the beam RMS
o« width at the screen position was simulated to be 1.49 mm in
E both directions. This corresponds well to the measured pro-
8 file, considering the estimations for laser spot and electron
£ energy.

% For the simulation, a Gaussian distribution was used as
g initial beam profile. In the experiment, the unfocused laser
8 spot was slightly asymmetric, which can explain the skew-
£ ness in the vertical profile of the electron beam. In addition,
g the not yet stabilized laser transport leads to intensity and
§ position fluctuations on the cathode. This could partially be
3 the reason for the pointing fluctuations.

SUMMARY AND OUTLOOK

The beam diagnostics in the low energy section at FLUTE
are currently being commissioned. For the screen monitor
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system an analysis tool to determine beam profile parameters
is implemented and delivers first data.

After the first profile measurements, systematic studies
are planned to distinguish the beam parameters and their
dependencies on machine settings. This includes energy
measurements using the low energy spectrometer and the
second screen monitor.

Several updates of the laser system are in progress, e.g. a
virtual cathode to directly measure the laser spot size and a
laser beam stabilisation system to further improve the beam
stability.
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