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The Facility
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12 Participating Countries
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▪ Superconducting 1.9 km LINAC (Nb cavities)

▪ Up to 17.5 GeV short (180 fs) electron bunches.

▪ Up to 27000 per second (max. 4.5 MHz)
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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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Fact #1: A Powerful X-Ray 

Laser Machine.
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50 mm copper: 3 seconds 50 mm steel in 26 seconds

(9.1 keV, beam size 20 µm)
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FEL´s are

incredibly

BRIGHT

X-RAY
light 

SOURCES

PEAK BRILLIANCE [photons / s / mrad2 /mm2 / 0,1% bandwith]
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..… ..…
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….that means a lot of pulse instant power available on a regular day…

Kernkraftwerk Brokdorf (decomissioned in December 2021)

10 GW / pulse!
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Fact #2: An user-oriented

research facility
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Currently delivering photons to seven scientific instruments

SPB/SFX (Sept. 2017)

SCS (Nov. 2018)SQS (Nov. 2018)

SXP (August 2023)

HED (May 2019)

MID (April 2019)

FXE (Sept. 2017)
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Next decade:

HXS  (3rd Instrument Port)

SASE 4 & 5 Beamlines
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Photon Beam Vacuum System
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The Photon Beam Vacuum System

According to XFEL UHV Guidelines.

304L or 316L piping and 316LN ESU CF flanging.

Outsourced manufacturing and cleaning.

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

Sectorization & mobile clean tents.

Average base pressure < 9·10-9 mbar (unbaked system!)

Standard vacuum components (or slighlty customised…):

Pumping Stations

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

Gauges, RGA‘s, controllers.

Facility harmonized PLC based control system. (Beckhoff)

…in a nutshell.
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Three beamlines with more than 3km total length 

of photon beam pipes

Mostly “particle-free”.

Around 90 sectors 

Installed pumping capacity: 

300 Sputter Ion Pumps

50 Turbo Pumps

30 NEG Pumps (and increasing…)

23 permanently operated roughing pumps

150 gate valves

SASE2 offset mirror chambers in XTD6

The Photon Beam Vacuum System …in numbers.
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https://onlinelibrary.wiley.com/iucr/doi/10.1107/S1600577521005154 https://onlinelibrary.wiley.com/doi/full/10.1002/vipr.201800673

https://onlinelibrary.wiley.com/iucr/doi/10.1107/S1600577521005154
https://onlinelibrary.wiley.com/doi/full/10.1002/vipr.201800673
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Transitioning from

construction to operation…

2017 to 2019



European XFEL Photon Beamline Vacuum System. First years of operation: an overview. Raúl Villanueva, OLAV VI. Fermilab, 18th April 2024

First light in 2017. First simultaneous lasing in 2018.
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Some start-up issues & adjustments

Adjustments on interlock definitions.

Unveiling some system complexities (i.e. impact of power glitches on vacuum systems).

High tasks loads: operation of SA1 & SA3 beamlines and simultaneous commissioning of SASE2.

“Last minute” hardware modifications on some electronic components.

Consolidation of sector gauges installation programme.

Increased support for experimental stations/instruments.
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Testing an e-beam welder….

September 2017: E-beam “welding“ @T4D

Malfunction of dipole magnet, beam was steered downwards by safety magnets

Leak just right before SASE3 V0

Two sections of the photon vacuum were vented
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Upgrades on large and complex beamline components

Referenced materials: courtesy of Daniele La Civita [Mech. Engineering]
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Upgrades on large and complex beamline components

Non-conventional Al-wire seal.

Very large chamber.

Mastering the sealing procedure resulted

almost as an art.

Now translated in documented protocol.

Referenced materials: courtesy of Daniele La Civita [Mech. Engineering]
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The „peaceful“ years…

From 2019 to 2022

…despite COVID crisis.
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First (and recurrent) replacement of damaged imager screens

Referenced materials: courtesy of Andreas Koch [X-Ray Diagnostics]
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Eutectic cooling of Mirrors – GaInSn as heat transfer interface.

Referenced materials: courtesy of Antje Trapp and Idoia Freijo-Martín [X-Ray Optics]
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Eutectic cooling of Mirrors – Required preconditioning.
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Eutectic cooling of Mirrors – Very slow pump-down

Referenced materials: courtesy of Antje Trapp and Idoia Freijo-Martín [X-Ray Optics]
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Eutectic cooling of Mirrors – Accidental spillage

Referenced materials: courtesy of Antje Trapp and Idoia Freijo-Martín [X-Ray Optics]
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Eutectic cooling of Mirrors – Overview

Referenced materials: courtesy of Antje Trapp and Idoia Freijo-Martín [X-Ray Optics]
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Front-end upgrade program

Referenced materials: courtesy of

Martin Dommach [Vacuum]
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Front-end upgrade program

New burn-through detectors (DESY-D3):

Redundancy concept (MPPC & PM)

Built-in LEDs for auto-diagnostic.

New absorber:

2 CVD diamond plates

► 2 mm thick

► Single side clamped

60 mm B4C block

Water cooled

New burn-through system

Pipe insert

B4C block 35 mm (vacuum)

Graphite block 40 mm (air)
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From 3rd generation light source concept to XFEL-enabled 

version.

12 front-end absorbers modified during one winter maintenance 

period (5 weeks aprox.)

4 additional pre-absorbers installed nearby CRL systems to 

ensure safe operation of the shutters.

Operation constrains on CRLs were lifted, all focussing options 

available (Only integrated beam power is restricted now to 

40W).

Front-end upgrade program
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A somehow unexpected visitor: Helium from an experimental station.
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A somehow unexpected visitor: Helium from an experimental station.

O-ring sealed Be-window.

Dome volume backfilled with He-gas.

First instablities observed at the instrument Ion pumps. Later affecting to tunnel beamline sector.
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A somehow unexpected visitor: Helium from an experimental station.

Referenced materials: courtesy of Michaela Petrich [Vacuum]
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Release of facility wide preventive maintenance programme for TMP`s and 

mechanical pumps
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The first signs of maturity

From 2022 onwards
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Power supplies on fast valves controllers

≈ 4,5 h. 

Beamdown

Referenced materials: courtesy of Benoit Rio [Vacuum]
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Power supplies on fast valves controllers

Root cause is not completely clear.

All affected controllers failing in a short

term period.

Preventive exchange of all power 

supplies

Unexpensive action but with high 

impact on operation.

Referenced materials: courtesy of Benoit Rio [Vacuum]
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Ion pump controllers

Agilent 4UHV ion pump controller

Old models tend to break when being 

switched on

Spare units 

Ongoing exchange programme
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Increased number of field interventions on solid attenuators (damage and 

repositioning)
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Reaching the limit of material fatigue in bellows.

First evidences: OCD Call. 

Beam permission removed during 

user´s run.

Pressure burst in Solid Attenuator 

sector.

Remote evaluation possible…
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Reaching the limit of material fatigue in bellows.

In situ intervention confirmed the working 

hypothesis.

After first mitigation measures to resume 

operation, the expected questions arised.

Further evaluation on system management 

and maintenance programme now in place.
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(Preparation → Venting → Repair → Pumpdown → Leak Search → Sector Recovery) ≈ 3h.

Positive outcome #1: testing high-speed interventions!
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Positive outcome #2: increasing use of survey tools for scheduling maintenance 

duties.



European XFEL Photon Beamline Vacuum System. First years of operation: an overview. Raúl Villanueva, OLAV VI. Fermilab, 18th April 2024

Noble gas instabilities
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Noble gas instabilities
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Noble gas instabilities

It was clear that this would occur, the question was: After how many years of operation?.

Most frequent operation setpoint is now in the 10-4 mbar regime (one order of magnitude higher than 

initially specified).

First evidences in early 2023. Logs indicate that first events started happening in mid 2022.

Estimated flow (roughly) < 5·10-10 mbar·l/s (measured partial pressure < 8·10-11 mbar)

In the short term, adapted interlock conditions around is minimizing impact on operation.

Currently deployed: scheduled pump replacement and recovery strategy.

Under preparation: laboratory test bench for specific characterization campaigns.
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…but also some time for

developments & collaborations.
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Machine learning to anticipate noble gas bursts

SVM: Support Vector Machines

CNN: Convolutional Neural Networks

Referenced materials: courtesy of Danilo Ferreira and Amna Majid [Data Analysis]
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Machine learning to anticipate noble gas bursts

SVM as most convenient 

approach.

In preparation: web 

interface for expert 

supervision & feedback to 

the model training.

Referenced materials: courtesy of Danilo Ferreira and Amna Majid [Data Analysis]
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Device developments for experimental stations
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Studies on FEL beam interaction with gas targets:
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Present and future perspectives
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General considerations

Next big tasks: long shut-down 2025 & HXS beamline installation.

Special attention to electronics lifetime.

Progressive substitution of scroll pumps against small footprint multistage Roots. 

Extension of RGA constellation for active & constant monitoring of experimental station 

interfaces. 

Studies on characterizing noble gas critical dose, and ion pump recovery strategies.

Earlier stage access to future design of components for the tunnels: reinforcing compliance for 

vacuum performance, reliability and maintainability.

Increase of automation for survey and control (i.e. collaboration with EEE, CTRL & DA groups).

Effort in harmonization of experimental station vacuum systems (enhance serviceability)
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….one last thing
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PIXIE: A Plasma Interface for XFEL atmospherIc-pressure Experiments

First plasma ignited last week!
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Thank you for your attention!


