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Abstract. The implementation and further improvements of superconducting undulators are
part of the European XFEL facility development program. Within this program, a magnetic field
test facility is being developed. Named SUNDAE2 (Superconducting UNDulAtor Experiment
2), it aims to perform in-vacuum magnetic field measurements of superconducting undulators
(SCUs) with three techniques: Hall probe, moving wire, and pulsed wire. This contribution
presents the updates and status of SUNDAE2.

1. Introduction

As part of the facility development program at European XFEL, a superconducting undulator
(SCU) afterburner is foreseen to be installed directly at the exit of the already existing SASE2
hard x-ray permanent-magnet undulator (PMU) beamline. Six SCU modules — each with two
2 m-long superconducting undulator coils — are planned for the afterburner [1]. Initially, a
pre-series prototype named S-PRESSO will be produced by Bilfinger Noell GmbH, delivered,
and tested at European XFEL [2].

We are developing two SCUs test facilities for the undulators afterburner at European
XFEL [3, 4, 5]. They are named SUNDAE1 and SUNDAE2 (Superconducting UNDulAtor
Experiment). With SUNDAE2, we aim to perform in-vacuum magnetic field measurements
of superconducting undulators (SCUs) using Hall probe [6], moving wire [7], and pulsed wire
[8] techniques in the final cryostat. The pulsed wire and Hall probes are intended to measure
the local magnetic field profile, while the moving wire measures the field integrals. This paper
highlights the recent updates and status of SUNDAE2 developments.

2. S-PRESSO and vacuum chambers

Figure 1 shows the CAD design of S-PRESSO and the vacuum chambers that will encompass all
the in-vacuum measurement systems. The whole infrastructure of SUNDAE1 and SUNDAE2
will be located in Hall 3 at DESY.
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Figure 1. Sketch of SUNDAE2 vacuum chambers and S-PRESSO SCU module. Legend: (1)
Region of Chamber 1 where the XY Ultra High Vacuum (UHV) translation stages are located.
Stages are used for the Pulsed Wire System (PWS) and Moving Wire System (MWS). (2) Region
of Chamber 1 where Hall Probe System (HPS) stepper motor and X (transversal) linear stage
are. (3) Region of Chamber 1 where the parking position of the Hall probe carriage is located.
(4) Space dedicated to collecting the wires from the HPS. (5) Viewports of Chamber 2 used
to detect the wire displacement for the PWS. (6) Cam movers. (7) Chamber 3. (8) Region of
Chamber 3 where HPS stepper motor and X linear stage are. (9). Region of Chamber 3 where
the XY UHYV translation stages are located (PWS and MWS).

A contract has been assigned to CECOM to produce the vacuum chambers. Due to potential
welding issues close to the necks, the central tube will be increased to be compatible with
DN350CF flanges!. The total length, including the chambers and S-PRESSO, is 11 m.

S-PRESSO will have a 5m-long cryostat with two 2m-long SCU coils. The magnetic
field period will be 18 mm, and the maximum on-axis peak magnetic field will be 1.82T
(Kmax = 3.06). The first and second field integral for both transversal field components have to
be smaller than 4 x 1079 Tm and 1 x 10~* Tm?, respectively. Made of copper, the beam chamber
of S-PRESSO will have an elliptical shape with internal dimensions of 5 mm and 10 mm.

3. Pulsed and moving wire systems

The pulsed wire system (PWS) is regarded as a promising alternative to performing
magnetic field measurements in undulators with limited accessibility (e.g., small gaps, in-
vacuum/cryogenic environments, etc.). The technique was originally introduced by Warren
[8]. The principle of the PWS is based on passing a current pulse through a stretched wire that
crosses the magnetic field region, generating forces that produce an acoustic wave that travels
along the wire. Depending on the shape of the pulse, the magnetic field or field integrals can be

! Initially, we considered a tube compatible with DN300CF flanges [5].
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determined by detecting the wire displacement profile. An optical sensor measures the position
of the wire as a function of time, which via post-process data techniques, can be converted into
the magnetic field as a function of the longitudinal position.

The moving wire system (MWS) has demonstrated better performance to both the flipping
coil and Hall probe techniques for measurements of field integrals [7]. It involves translating a
wire inside the magnetic field and measuring the induced voltage. The technique requires having
full control of the horizontal and vertical axis on both ends where the wire is fixed.

A single wire is planned for the pulsed and moving wire techniques in SUNDAE2. Two towers
of Ultra High Vacuum (UHV) translation stages from SmarAct will be placed on the extremes
of the chambers shown in Fig. 1 (see regions 1 and 9), which keeps a wire length of 10.5m.
The stages will carry out the required movement of the wire for field integral measurements
and the wire positioning for the pulsed wire. The towers can stretch a wire up to 30N. The
absolute accuracy of the stages’ positioning is better than 1pm, and the reversal error and
unidirectional repeatability are better than 0.5 pm. Nests, prisms, and reference pins are placed
on both towers for the wire alignment. Counter-force springs are used to compensate for the
weight of the elements on the brackets, allowing the Y stages to perform within their maximum
lift force (1.5N).

The high-power amplifier AeTechron 7234 will be used as the pulse generator. It has an
output power of 900 W RMS. Figure 2 shows the preliminary test of the output current profile
of amplitude 0.6 A and width of 100 pus in a BeCu wire with a length of 1.4m and diameter of
125 nm. The input signal was generated from the RS PRO RSDG2122X waveform generator.
Rise time is less than 2ps, and over and undershoot is about 10 %. Solutions to mitigate the
over and undershoot effects are under investigation.
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Figure 2. AeTechron 7234 test as a pulse generator.

The laser and photodetector will be placed out-of-vacuum to detect the wire displacement,
close to the viewports of Chamber 2 (see inset 5 in Fig. 1). Such a concept must still be
proved. Figure 3 shows a sensitivity measurement taken from the laser Thorlabs CPS532 and
the photodetector Thorlabs PDA100A2 (the same BeCu wire with diameter of 125 pm was used)
without viewports.

At the working point, a slope of 400mV /pm was obtained. It reliably detects a wire
displacement of 0.1 um over the noise. Considering the wire tested in the aforementioned
measurements, a current of 1 A and tension of 15N (both close to the maximum supported
by the wire used in our tests), and with a pulse width of 10 ps (short pulse width for first field
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Figure 3. Pulsed wire system sensitivity measurements.

integrals), would give a displacement amplitude of 0.7 pm for the magnetic field profile designed
for S-SPRESSO. The estimated sag within the undulator is 200 pm. It means a customized wire
capable of supporting higher tension with a similar diameter may be needed to reduce the sag.

For the measurements with the PWS, dispersion will certainly dominate. We have developed
a code that corrects dispersion based on algorithms proposed by Arbelaez et al. [9]. The
corrections also include sag, finite pulse width, and discretization errors [10].

For field integral measurements with the MWS, the 8.5-digits precision digital multimeter
(DMM) Agilent 3458A will take the voltage samples while the wire moves. Such DMM works
with Power Line Cycles (PLC), which allows averaging out the 50 Hz noise from line cycle " pick-
up” noise. Before and after the wire movement, a few voltage samples are taken to correct drifts
and offsets linearly. Post-process data algorithms correct for the drift and offset, and calculate
the integrated voltage numerically.

We plan to map field integrals with a wire displacement of 1 mm. A pre-amplifier would be
required in this case; considering that we need to measure the first field integral better than
4x 107" Tm (i.e., 1/10 of the maximum allowed first field integral), the DMM should be capable
of detecting at least 0.4 nVs. Because of the small signals, we plan to integrate the EM DC
A22 low-pass filter amplifier [11] into our system. The amplifier has demonstrated excellent
performance for single-wire field integral measurements [12, 13].

4. Hall probe system

Primarily, Hall probes from Arepoc will be used. They were calibrated at Karlsruhe Institute of
Technology (KIT). Figure 4 shows the calibration error? distribution of the same probe at three
temperatures (4.2K, 30K, and 77K). The standard deviation of all samples is approximately
0.15mT.

Figure 5 presents the difference between calibration curves for 4.2K, 30K, and 77K. The
maximum error between fit curves is +£0.4mT for £2T.

An embedded 3-Axis Hall Magnetometer MagVector™ MV2 from Metrolab [14] will be tested
at low temperatures. The dimensions of the probes (3 mm x 3mm x 0.9 mm) suit the limitations
imposed by the beam chamber dimensions. Moreover, it would allow measuring more than one
magnetic field component, which would be beneficial in terms of correcting the probes’ position

2 The difference between the high-order polynomial fit of the data points and NMR data points.
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Figure 4. Calibration error vs. reference field.

on the carriage.

A carriage will incorporate three Hall probes to measure the vertical field component. We
foresee one of them as a 3-Axis Hall probe to measure the horizontal field component. Figure 6
shows a prototype of the carriage with a length of 60 mm. A retroreflector will be set in one of
the carriage’s surfaces to measure the probes’ longitudinal position with an interferometer. The
carriage motion system is still under design.

Hall probes will be used in SUNDAE1 and SUNDAE2 test stands. For both, the Hall probes
will be under cryogenic temperatures. Therefore, a test stand for calibration is required. A
calibration stand is currently under development. It will be composed of a ”cold finger” cryostat,
an electromagnet model GMW 3474, and NMR sensors. The probe under calibration is set in
a sample holder inside the cryostat. A set of goniometers control the cryostat position within
the electromagnet gap. A second set of goniometers control the position of the NMR probes.
Figure 7 illustrates the calibration stand concept.

The Hall probes used to measure the vertical component of SUNDAE2 will be placed at
different heights. The relative vertical position of the probes’ sensing area with respect to each
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Figure 5. Calibration curve differences among three temperatures.
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Figure 6. Hall probe carriage prototype.

other can be determined with the calibration test stand aforementioned. The goal of using three
Hall probes is to fit the data from three different vertical positions (at the same longitudinal
position) into B = By cosh[27(y —yo)/Au], where B is the magnetic field measured with a probe,
By is the on-axis magnetic field, yq is the vertical position of the magnetic field axis, and A, is
the undulator period. The fitting parameters are By and yg. The variable A, is known from the
magnetic field measurements vs. the probe’s longitudinal position taken from the interferometer.
Simulations showed that By can be recovered with an uncertainty of £0.1 mT.

5 axis goniometer
(for the cryostat)

Pillar for mounting
of goniometers

Cold finger cryostat w/
Hall probe holder

GMW 3474 dipole
magnet

400 mm

i
|

Support structure

3 axis goniometer
(for NMR probes)

Figure 7. Hall probe calibration test stand concept.
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