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European XFEL—a leading new research facility

Schenefeld research campus on 14 August 2017

The European XFEL is a new research
facility that uses high-intensity X-ray light
to study the structure of matter.

User facility with more than 500 
employees (+250 from DESY)
Location: Hamburg and Schenefeld, 
Germany



3Antonio Bonucci, In kind contribution manager and Industrial Liaison Office

What can the European XFEL do?

X-ray light
See samples at atomic resolution

Ultrashort flashes
Film (bio-)chemical reactions

Intense X-ray pulses
Study single molecules or tiny crystals
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About European XFEL

Organized as a non-profit corporation in 2009 with the mission of design, construction, 
operation, and development of the free-electron laser

Supported by 12 partner countries

Total budget for construction (including commissioning)
1.25 billion € at 2005 prices, about 140 M€ operating budget
600 M€ contributed in cash, over 550 M€ as in-kind contributions (mainly manufacture of 
parts for the facility)
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2009–2017
Construction 

2018–2023
Startup 

2024–2030
Harvesting 

• Increased efficiency
• Increased capacity
• Increased quality 
• Investment in science
• Science- and challenge-driven experiments 

• Start of operation 
• First science programme 
• Many proof-of-concept experiments
• 2022 – First year of full user operation 

(<8 000 instrument hrs) 
• New developments needed to keep competitive

European XFEL—Entwicklung einer Einrichtung

We need a strategy for the next phase

Prof. Dr. Robert 
Feidenhans'l

Prof. Dr. Massimo Altarelli

Prof. Dr. Thomas 
Feurer



6Antonio Bonucci, In kind contribution manager and Industrial Liaison Office

2017 - 2022
Three years of 
operation including  the 
pandemic situation

2448 247

247 Proposals finished

901 Submitted 
experimental  proposals

28 %

19 944

19 (2020), 80 (2023)

55
three

After 2022, we started a steady-state 
operation with an average of 1,223 users 
per year and 9,000-10000 hours of 
beamtime.
40-50 Peta bytes for year
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Project FLASH LCLS
CuRF (USA)

LCLS-II  
SCRF (USA)

SACLA
(Japan)

European  
XFEL

SwissFEL  
(CH)

PAL-XFEL
(S. Korea)

SHINE
(China)

FERMI (Italy)

Max. electron  
energy (GeV)

1.35 15 5.0 8.5 17.5 6.2 10 8 1.55 GeV

Wavelength  
range (nm)

3.4-90 0.05–5.0 0.25–5.0 0.06–0.3
/8-30

0.05–4.7 0.1–7 0.06–5.0 0.05–3.1 4-100
(1.7-4)

Photons/pulse ~1011-1014 5 x 1013 0.5 - 5 x1012 ~5 x 1011 ~1012

(typical at 12.4  
keV)

5 x 1011 (HX)
1.2 x 1014 (SX)

1011–1013 1010–1013 3x1011-1014  

(~107-108 )

Peak brilliance 1 x 1031 4x1034
(measured
at 10 keV)

2 x 1033
(simulated
at 1.25 keV)

~5 x 1033 3  x 1033

(8.3 keV
simulated at

1 x 1032–1 x
1033

1.3 x 1033 1 x 1033 2x1032

saturation
without
seeding)

Average 5 x 1022 3x1025 2 x 1024

brilliance (8.3 keV
simulated at
saturation
without
seeding)

Pulses/second 8000 120 1 000 000 60 27 000 100 60 1 000 000 50

Experiment  
Stations (parallel  
Operation)

7(2) 9 (3) 7 (3) 7 (3) 5 (2) 3 (2)
Instruments  
7 (2)

10 (3) 6(2)

Date of first  
beam

2005 2009 2023 2011 2017 2016 2016 2025 2010
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Outline

General presentation of European XFEL

Main description of the facility

Highlights on typical technologies in the experimental hall

Information about procurement procedures, hints on new internal procedures

Technologies of interest



10Antonio Bonucci, In kind contribution manager and Industrial Liaison OfficeEuropean XFEL future needs for vacuum related equipment Martin Dommach, Schenefeld, May 3rd 2023

SC-LINAC (1,9 Km; 17,5 GeV)

Photon Beamlines

Undulators Sector

Undulators Sector

Injector (Hamburg - DESY)

3.4 km from Injector to Experimental Hall.

Instruments (Schenefeld)
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Accelerator: electrons at close to light speed

Superconducting niobium 
cavities powered by 
intense radio frequency 
accelerate electrons

Ninety-six accelerator 
modules over 1.7 km 
bring the electron bunch 
to near light speed and 
high energies
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SASE (Self Amplified Spontaneous Emission) undulators:
inducing electrons to emit X-ray light

Alternating magnetic fields cause 
electrons to take “slalom” course

Electrons release X-rays with each turn

SASE process builds intense, laser-like 
flashes

The European X-Ray Free-Electron Laser Technical design report
https://xfelbau.desy.de/technical_information/tdr/tdr/
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Tuning undulators
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Procurement regulation

Please have a look at 
https://www.xfel.eu/organization/procurement/legal_and_regulatory_information/index_eng.html#laws_and_re
gulations

Threshold EU international call for tender

The EU threshold for construction contracts was set at 5.35 M€ and for all other supply and service contracts 
at 221 k€

Rules of Procedure for the award of public supply and service contracts below the EU thresholds 

https://www.xfel.eu/sites/sites_custom/site_xfel/content/e35152/e46557/e47200/e47206/xfel_file47209/UVgO
Englisch_eng.pdf

Procurement Ordinance

https://www.xfel.eu/sites/sites_custom/site_xfel/content/e35152/e46557/e47200/e47206/xfel_file86104/VgV-
ordinance-award-of-public-contracts_eng.pdf

https://www.xfel.eu/organization/procurement/legal_and_regulatory_information/index_eng.html#laws_and_regulations
https://www.xfel.eu/sites/sites_custom/site_xfel/content/e35152/e46557/e47200/e47206/xfel_file47209/UVgOEnglisch_eng.pdf
https://www.xfel.eu/sites/sites_custom/site_xfel/content/e35152/e46557/e47200/e47206/xfel_file86104/VgV-ordinance-award-of-public-contracts_eng.pdf
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Call for tender

The European XFEL GmbH is a public-equivalent body and is therefore subject to special legal
regulations concerning the award of contracts and placement of purchase orders. This includes, for
example:

the VOB ("Verdingungsordnung für Bauleistungen“, regulations for civil construction contracts),
the VOF (“Verdingungsordnung für freiberufliche Leistungen“, regulations for freelance and
professional services contracts)
the VOL (“Vergabe- und Vertragsordnung für Leistungen“, regulations on contract awards for
public supplies and services),

https://www.xfel.eu/organization/procurement/legal_and_regulatory_information/index_eng.html

The award of contracts and placement of purchase orders fall under the responsibility of the
Procurement Group

https://www.xfel.eu/organization/procurement/legal_and_regulatory_information/index_eng.html
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General Purchase Conditions

Due to the fact that we are a goverment-funded organization, we are not allowed to accept other
terms and conditions than these. Please read them carefully and include them as part of your public
tender documentation.

https://www.xfel.eu/sites/sites_custom/site_xfel/content/e35152/e46557/e47200/e47202/xfel_file47204/E
uXFEL_GeneralTermsandConditionsofPurchase_20250325_en_eng.pdf

https://www.xfel.eu/sites/sites_custom/site_xfel/content/e35152/e46557/e47200/e47202/xfel_file47204/EuXFEL_GeneralTermsandConditionsofPurchase_20250325_en_eng.pdf


17Antonio Bonucci, In kind contribution manager and Industrial Liaison Office

Innovation procurement workflow

Technology Market 
Analysis done by staff
with the help of ILO

Procurement 
component/service 1

Kick-Off meeting with ILO 
to encourage and 

negotiate innovation

Development and 
amendments with the

support of ILO 

Procurement 
component/service 2

Kick-Off meeting with ILO 
to encourage and 

negotiate innovation

Development and 
amendfments with the

support of ILO 

Looking for missing
technology competence
if needed, with the help

from ILO

Procurement 
component/service … n

Kick-Off meeting with ILO 
to encourage and 

negotiate innovation

Development and 
amendfments with the

support of ILO 

Procurement decides and 
follows up on one of the

suiatble procurement
processes
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Technology provider contact database

https://in.xfel.eu/thesurvey/index.php/782712
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Outline

General presentation of European XFEL

Main description of the facility

Highlights on typical technologies in the experimental hall

Information about procurement procedures, hints on new internal procedures

Technologies of interest
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Beamline layout and experiment stations
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Seven scientific instruments

FXE (start Sep 2017) SPB/SFX (start Sep 2017) SCS (start Nov 2018) SQS (start Nov 2018)

SXP (start summer 2023)HED (start May 2019)MID (start Apr 2019)
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Photon Beam Transport System

According to XFEL UHV Guidelines.  

Outsourced manufacturing and cleaning.  

“Particle free“ specifications (ISO Class 5/6).  

Sectorization & Mobile clean tents.

In-situ conditioning (specific cases): wet-cleaning, baking, plasma cleaning…  

Hundreds of meters beampipe (flanged and in-situ orbital-welded sectors)

Standard vacuum components:  

Pumping Stations

Beamline Pumping equipment (mechanical, SIP’s, NEG’s)  

Controller for pumps, gauges…

Gauges, RGA‘s,…

PLC Control system (racks, terminals, interfaces).

PLC terminals
Power supplies, connectors, cables  

Controller for pumps, gauges…
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HED Instrument

Combining hard X-ray FEL radiation and the capability to apply extreme conditions of pressure, 
temperature or electric field using the FEL, high energy optical lasers, or pulsed magnets.

https://www.xfel.eu/virtualtour/#node42

https://www.xfel.eu/facility/instruments/hed/index_eng.html

Additional laser

 Diamond Anvil Cells (available) 
dynamic DAC; pulsed laser heated DAC; double-stage 
DAC 

 Powerful optical lasers (2020-2021) 
100 J 15 ns 10 Hz; 400 TW 30 fs 10 Hz 

 XFEL split&delay line (2021)  x-ray pump-probe, 0-20 
ps delay

 60 T pulsed magnetic field coil (2021) 
cryogenic sample environment, superconductivity (s for 
condensed matter studies at high fields)

The goal will be to achieve pressures of 1 TPa and temperatures up to 10 
000 K using 5 ns, frequency-doubled 50 J pulses from the DiPOLE100X 
laser focused to 100 µm

https://www.xfel.eu/facility/instruments/hed/index_eng.html
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Handling Data and Complexity

X-Ray Detectors at EU.XFEL Instruments

So
ft

X-
ra

ys
Ha

rd
X-

ra
ys

Custom FPGA-based Data Producers at EU.XFEL
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Example of Technology of interest of  2025

Femtosecond  laser system, including a laser and an optical parametric amplifier :
A femtosecond laser system with a pulse duration of <300 fs.
Capability to operate in both kHz (~1 kHz–10 kHz) and MHz (1 MHz) repetition rate regimes. At kHz operation, a pulse energy of 
approximately 1–2 mJ is required, while at MHz operation, a more flexible range of 0.05–0.1 mJ per pulse is acceptable.
The laser should be compatible with an OPA, which will be purchased as part of an integrated laser + OPA system. The OPA should have 
a tuning range of approximately 350–2000 nm, delivering >0.02 mJ per pulse across all required spectral ranges in kHz operation. For 
MHz operation, pulse energy and tuning range requirements are more flexible in terms of power.

High-pressure, high-temperature diamonds: with impurity concentrations below 0.1 ppm. Boron contamination should be 
minimized as much as possible. The material should have a dislocation density of less than 10e2 cm-2, ideally be defect-free, and exhibit 
single-sector growth. We require multiple slices for instance with dimensions of more than 5 mm*5 mm and with a thickness less <0.2 mm³.

Two vacuum chambers:
The provider will be responsible for manufacturing two complete chambers, each consisting of a chamber body and three blank flanges.
The chamber body is a welded structure with approximate dimensions of 500–600 mm per side. The material specified for the body is AISI 
316L, while the flanges welded to the body are made of AISI 316LN ESR.
The primary flanges to be welded on the body include 2x DN300CF and 1x DN250CF. Precise positioning and orientation (well below 0.1 
mm tolerance) of these flanges are critical.
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Example of Technology of interest of 2024
Alignment Table:

Dimensions: Length/Width between 800-1200 mm, height between 500-950 mm.
Translation: 80-100 mm along two main axes, resolution of 1 micron.
Rotation: 8-12 degrees, precision <0.02 degrees.

Cryocooler System:Temperature
Stability: ±0.02K at the sample.
Cooling Power: 1st Stage >15W, 2nd Stage >1.5W at 4K.T
Temperature Range: 4K - 325K.

Gas Mixers:
Mixed gases: Argon and Neon.Input pressure: ~7-9 bar; 
Mixed pressure: ~4-6 bar. Adjustable mixing ratio: 0-100%, 
Withdrawal rate: <<1 to ~50 Nl/min.

High-Frequency Piezo Disks:
Diameter: 5-12 mm, Thickness: 1-2 mm. Frequency: 1-5 MHz, material suitable for wire soldering.
X-Ray Spectrometer:Designed for nonlinear soft X-ray spectroscopy.Grating chamber with up to three gratings, and 
motorised rotation with microradian accuracy.
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Technology of interest - 2023

(piezo) actuators with controllers that are encoded, UHV compatible, with low magnetic permeability (< 
1.01µr), few Newton force and with nanometric resolution

50-100 pieces of compound refractive lenses made of pure beryllium

High time resolution, 4 channel real-time oscilloscope with more than 25 GHz bandwidth, more than
70 GS/s sample rate and more than 13 Gb/s serial trigger Sensitivity is requested better than 3 mV-1 V/div. 

Linear stage that moves in horizontal direction a static load more than 2500N
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Technology of interest – extract of 2022

UHV vacuum chambers in Aluminum alloy, with bi-metallic flanges, without use of welding, in
the direction of the beam.
Polycrystalline CVD diamonds (chemical vapour deposition)
Mechanical design and delivery of optical holding systems and its large UHV chamber with
manual and remote micrometric control adjustment.
UHV compatible linear translation stages moving in the vertical/horizontal axis by a travel
range of more than 2 cm till 7 cm, with a spatial movement resolution less than 0,1 um
X-ray coatings of X-ray coatings in B4C, metals (for instance Platinum, Gold, Chromium) for
mirrors and gratings (made typically by silicon)
X-ray mirrors large about 1 m (or even more) with a substrate in Silicon single crystal <100>,
Meridional radius >200 Km, surface height error <20 nm peak to valley.
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Conclusion

European XFEL is an international big science large facility

The construction is completed but there are a lot of opportunities to collaborate on new devices

For any question please write to  ilo@xfel.eu

antonio.bonucci@xfel.eu

mailto:ilo@xfel.eu
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General Purchase Conditions
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General Purchase Conditions
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General Purchase Conditions
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