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European XFEL plans to develop the technology of SCUs as part of its facility 
development program

Benefits 

SCU afterburner (FESTA)

Superconducting undulator PRE-SerieS mOdule (S-PRESSO)

Mechanical tolerances

Tunnel installation

Measurement systems (SUNDAE1 and SUNDAE2)

Advanced SCU coils
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Superconducting Undulator (SCU) technologic: benefits for European XFEL

➢ The CW operation mode limits the electron beam energy to 7-8 GeV. A SASE SCU line (λ=18 mm) 
would allow to cover the same photon energy range as provided now by the installed PMUs for 17.5 
GeV

➢ State of the art SCUs with a period length ~ 70 mm allow to cover the complete photon energy range 
offered by the present soft X-ray experiments at EuXFEL with the same electron beam energy, not 
possible with the installed PMUs

➢ SCU technology enables lasing at higher photon energies (>40 keV), fully exploiting the capability of 
the FEL linac with the highest electron beam energy worldwide
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FESTA: the SCU afterburner planned for
EuXFEL

Cryostat

F       E          S         T          A

+

Intersections include absorber 
with 4mm diameter

Intersections include absorber 
with 8mm diameter SCU afterburner

S. Casalbuoni et al 2022 J. Phys.: Conf. Ser. 2380 012012

The cooling scheme of all modules will be based on 
cryocoolers as from the KIT/Noell design
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Photon energy (keV)

EuXFEL 16.5 GeV
  30 fs

110 ps
220 ps

amplification 1st h PMUs
bunching 2nd h PMUs

N1 =13
N1 =16

N1 =18

N1 =27
N1 =31

N1 =35
The simulations do not consider
wake fields and tapering. A flat top
3 fs bunch is considered

Estimated range of photons per pulse achievable by
tuning the SCU afterburner on the fundamental

amplifying the output of the fundamental of
the PMUs
using the bunching of the second harmonic of
the PMUs

More detailed studies considering wake-fields,
tapering, ‘real’ bunch distribution and optimized
electron bunch properties are ongoing

~ 1 mJ

~ 0.15 mJ

S. Casalbuoni et al 2022 J. Phys.: Conf. Ser. 2380 012012

+FESTA: the SCU afterburner planned for
EuXFEL
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S-PRESSO

➢ S-PRESSO: Superconducting undulator PRE-SerieS mOdule has been specified

➢ The contract has been assigned to Bilfinger Noell GmbH; TDR received

➢ Aims of S-PRESSO are to test:
the alignment of the two 2 m long SCU coils in the 5 m

long cryostat
the mechanical tolerances necessary for the FEL process
the implementation of the module in the accelerator. Needed space

and infrastructure for FESTA is defined in the TDR

➢ S-PRESSO will be used to further amplify the fundamental produced
by the PMUs of SASE2 in the hardest X-ray part of the spectrum which
they can generate, and measure its contribution to the FEL process

➢ Harmonic configuration tests at larger photon energies are planned

Pressure beam vacuum 
chamber at room temperature

< 10-7 mbar

S. Casalbuoni et al 2022 J. Phys.: Conf. Ser. 2380 012012
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S-PRESSO
Coils for correction of horizontal and vertical field integrals

Cold mass and electron beam chamber 
are supported on a common, about 4.5 m 
long, rigid structure to ensure straightness 
within a few 10 µm over 5 m length.

• Insulated NbTi wire
• Main coils: rectangular 1.08 mm x 

0.68 mm 
• Correction coils: round ∅ 0.254 mm 
• Shim coils: round ∅ 0.152 mm
• Magnetic gap 6.5 mm
• 6 cryocoolers
• 2 power supplies; nom. current 900 A

Quench duration ~30 ms

Courtesy of A. Hobl 
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Several shim coils powered by a maximum of 11 power
supplies with max current of approx. 5 A might be
applied

Mechanical tolerances and alignment

Specified maximum misalignment 
between the two 2 m long coils

S. Casalbuoni et al 2022 J. Phys.: Conf. Ser. 2380 012012; V. Grattoni et al 2022 J. Phys.: Conf. Ser. 2380 012010; B. Marchetti et al 2022 J. Phys.: Conf. Ser. 2380 012011

ΔKRMS/K = 0.0015 
ΔK/K = 0.006 

compatible with a reduction in the 
FEL power by 5%
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Implementation in the tunnel

CAD model

Absorber with 4mm 
diameter aperture was  
installed in the end of 
2022

S. Casalbuoni et al., Front. Phys. Sec. Interdisciplinary Physics Volume 11 - 2023
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Vertical and horizontal test stands 

Courtesy of P. Ziolkowski
B. Marchetti et al 2022
J. Phys.: Conf. Ser. 2380 012027

J. E. Baader and S. Casalbuoni, 2022 J. 
Phys.: Conf. Ser. 2380 012023
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SUNDAE1

B. Marchetti et al 2022 J. Phys.: Conf. Ser. 2380 012027

S. Casalbuoni et al., Front. Phys. Sec. Interdisciplinary 
Physics Volume 11 - 2023

Lid by CryovacControl rack

Power supplies

SCU coils

Sledge for up to 
3 Hall probesTest coils up to 2 m long

2 power supplies +/-1500 A (Jema)
6 power supplies 10 A (Jema)
4 current leads 1000 A
4 current leads 500 A
Fixed He level
Operation temperature: ~ 2 K or ~ 4 K

Linear motion system (Hositrad): 
▪ single axis vertical translator with 2.4 

m travel range
▪ accuracy: 1 µm
▪ Operation temperature: ~ 2 K or ~ 4 K
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➢ UHV translation stages (MWS and PWS)
➢ Feedthroughs:
▪ Interface to controls
▪ Read-out voltage (MWS)
▪ Current pulse generator (PWS)

➢ Hall probe motion system 
and parking position

➢ Feedthroughs:
▪ Interface to controls
▪ Read-out HPS and 

temperature signals

SUNDAE2

➢ UHV translation stages (MWS and PWS)
➢ Feedthroughs:
▪ Interface to controls
▪ Read-out voltage (MWS)
▪ Current pulse generator (PWS)

cryocoolers

Cam-movers Interferometer

J. E. Baader et. al, IPAC23, MOPM101 Optical detection 
point for the PWS
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In summary, EuXFEL aims to demonstrate the operation of SCUs in X-Ray FELs  

Benefits: CW mode; potential to lase at 
higher photon energies (>40 keV)  

SCU afterburner is planned

The first module S-PRESSO has been 
specified, the contract assigned to 
Bilfinger Noell GmbH, the TDR received 
and production has started

Complex tunnel integration is ongoing, 
and all points are addressed and are on 
track

Two test facilities to characterize SCU 
coils and SCU undulators are under 
development

R&D on advanced SCU coils Question?




