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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 um)

72.33

SEM: Entrance hole: 54 p—m
A

H. Sinn, A. Leuschner, F. Yang et al., European XFEL & DESY 2018
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European XFEL Temporal Structure.
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Fact #2: An user-oriented
research facility
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Currently delivering photons to seven scientific instruments

.,E*

SXP (August 2023) MID (April 2019)

3

SPB/SFX (Sept. 2017)
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Next decade: SASE 4 & 5 Beamlines

s clectron tunnel € electron switch

photon tunnel ® electron bend
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linear accelerator SASE 2 SASE 1 SASE 3
for electrons (10.5, 14.0, 17.5 GeV) 0.05 nm - 0.4 nm 0.05 nm - 0.4 nm 0.4 nm - 4.7 nm

L J | European XFEL

High Energy
HED Density Science

M | D Materials Imaging
and Dynamics

HXS (3 Instrument Port)

Femtosecond
FXE X-ray Experiments

SPB Single Particles, Clusters,
and Biomolecules and
SFX Serial Femtosecond
Crystallography

SXP Soft X-ray Port
Small Quantum
SQS Systems

SCS Spectroscopy &
Coherent Scattering
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Photon Beam Vacuum System
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uuuuuuuuuuu
UHV Guidelines
for X-Ray Beam
Transport Systems

The Photon Beam Vacuum System ...in a nutshell.

#WAccording to XFEL UHV Guidelines.
m304L or 316L piping and 316LN ESU CF flanging.

% Qutsourced manufacturing and cleaning.
N “Particle free” specifications (1ISO Class 5/6).
I Sectorization & mobile clean tents.
¥ Average base pressure < 9-10° mbar (unbaked system!)
W Standard vacuum components (or slighlty customised...):
B Pumping Stations
B Beamline Pumping equipment (mechanical, SIP’s, NEG’s)

B Gauges, RGA's, controllers.

¥ Facility harmonized PLC based control system. (Beckhoff)

I B Y European XFEL
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The Photon Beam Vacuum System ...in numbers.

" Three beamlines with more than 3km total length
of photon beam pipes
B Mostly “particle-free”.
B Around 90 sectors

" Installed pumping capacity:
¥ 300 Sputter lon Pumps
B 50 Turbo Pumps
B 30 NEG Pumps (and increasing...)
B 23 permanently operated roughing pumps

B 150 gate valves

SASE2 offset!mirror chambers in XTD
e

I B Y European XFEL
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The photon beamline vacuum system of the
European XFEL

Martin Dommach,* Massimiliano Di Felice, Bianca Dickert, Denis Finze,
Janni Eidam, Nicole Kohlstrunk, M:
Benoit Rio, Harald Sinn and Raul Villanueva

Furopean XFFL, Holzkoppel 4, 22869 Schenefeld, Germany. *C e-mail: marin

ik Neumann, Frederik Meyn, Michaela Petrich,

The photon beamline vacuum system of the European X-ray Free-Electron
Laser Facility (European XFEL) is described. The ultra-large, in total more than
3km-long, fan-like vacuum system, consisting of three photon beamlines is
an essential part of the photon beam transport. It is located between the
aceclerator vacuum system and the scientific instruments. The main focus of the
design was on the il . reliability and of the entire system to
ensure the of beam propertics and the of the X-ray optics
and X-ray photon diagnostics components. Installation started in late 2014, the
first of the three beamline vacuum systems was commissioned in spring 2017,
and the last one was operational in mid-2018. The present state and experience
from the first years of operation are outlined.

1. Introduction

The European XFEL is a hard X-ray free-clectron laser
(X-ray FEL) with MHz repetition rate that started operation
in April 2017 (Alwarelli er al, 2006; Decking er al., 2020). The
X-ray beam is delivered to the scientific instruments, which are
located in the experiment hall at the end of the underground
tunnels (Tschentscher er al., 2017). Up to three instruments
are located on each of the three photon beamlines.

The photon vacuum beamlines are designed for ultrahigh-
vacuum (UHV) conditions with an average pressure lower
than 13x 107" mbar and a helium leak tightness of
1% 107" mbar Ls™". A horizontal scparation of 1dm is
required for the vacuum pipes close to the end of the tunnel to
have enough space for the scientific instruments in the adja-
cent experiment hall. At the hard X-ray beamlines, this leads
to long vacuum pipe sections to bridge the distance of about
550 m between distribution mirror and instruments, as the
deflecting angles are very small. The above-mentioned X-ray
mirrors as well as other state-of-the-art X-ray optics (Sinn
et al, 2019) are very sensitive to hydrocarbon contamination
and dust particles on the optical surfaces. As a bake-out of
the entire vacuum system was considered too laborious, all
components built into the vacuum beamline were specially
cleaned before installation, to remove hydrocarbon-
containing residuals from the manufacturing process
Components used in close proximity to (30m before and
after) mirrors and gratings are prepared and installed in
cleanrooms to avoid particle contamination on the inner
surfaces.

Aceess 1o the tunnels is usually limited to two long main-
tenance periods per year for more extensive interventions;
therefore, we have placed special emphasis on the high
availability, reliability and serviceability of the system. Wher-

hitps:/fdoi.org/10.1107/51600577521005154
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https://onlinelibrary.wiley.com/iucr/doi/10.1107/S1600577521005154
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Die Vakuumsysteme des European XFEL

Ultrahochvakuum ermdglicht Betrieb des neuen Rontgenlasers der Superlative
und erlaubt bisher unerreichte Einblicke in den Nanokosmos.

Martin Dommach, Sven Lederer, Lutz Lilje

Einleitung
Der European XFEL ist eine interna-
tionale Forschungseinrichtung der
Superlative: 27 000 Lichtblitze pro Se-
kunde mit einer Leuchtstarke, die mil-
liardenfach hdher ist als die der besten
Réntgenquellen herkdmmlicher Art,
erdffnen vielfaltige neue Forschungs-
moglichkeiten. Wissenschaftlerteams
aus der ganzen Welt untersuchen am
European XFEL Strukturen im Nano-
bereich, ultraschnelle Prozesse und
extreme Materiezustande, nehmen
dreidimensionale Bilder von Viren und
Proteinen auf und filmen chemischen
Reaktionen. Die neue Forschungsein-
richtung wird von der European XFEL
GmbH betrieben, einer gemeinniit-
zigen Gesellschaft, die eng mit ihrem
Hauptgesellschafter, dem Forschungs-
zentrum DESY, und weiteren wissen-
schaftlichen Einrichtungen weltweit
kooperiert.

Fiir die Erzeugung des Réntgenlich-
tes werden hochenergetische Elektro-
nenpakete durch eine periodische Mag-
netfeldanordnung im segenannten
Undulator transportiert. Dabei beginnt
durch die Uberlagerung des entstehen-
den Lichtfeldes mit dem Elektronenpa-
keteinsichselbstverstarkender Prozess,
der schlieflich einen Rontgenlaserpuls
erzeugt. Dieser auch SASE (Self Amp-
lified Stimulated Emission) genannte
Vorgang wird auch bei verschiedenen
anderen Lichtquellen eingesetzt. Der
besonders hohe Strahlstrom, der mit
dem supraleitenden System des Euro-
pean XFEL beschleunigt werden kann,
ermoglicht die sehr hohe Leuchtstarke.
Damit der SASE Prozess funktionieren
kann bedarf es sehr hoher Spitzen-
stromstarke und sehr guter Brillianz
der Elektronenpakete. Diese werden im
Injektorteil des Beschleunigers mittels
einer Hocl

kete weiter verdichtet. Der Transport
dieser sehr intensiven, komprimierten
Elektronen- und Photonenstrahlpakete
stellt viele besondere Anforderungen
an die umgebenden Vakuumsysteme
[1,2] (Abb. 1und2).

Im European XFEL gibt es mehrere
groBe Vakuumsysteme mit hochst un-
terschiedlichen Anforderungen:

» Die Vakuumsysteme in denen der

Elektronen- bzw. Photonenstrahl

transportiert wird;

» Das Isoliervakuumsystem fur die su-
praleitenden Beschleunigermodule ABBILDUNG 1: Eines der ersten Ronigen-
und der Heliumversorgung: beugungsbilder des European XFEL, aufgenom-
nel 9ung; men durch eine etwa elnen Millimeter groge
b Das zusitzliche der Instrument SPB/SFX.
Hocf i der supra-  pas Netzartige Muster zelgt dle
leitenden Beschleuni ul hohe Ige des Lichtstrahls.

In diesem Beitrag wird vorrangig auf die
Vakuumsysteme des Elektronen- bzw.
Photonenstrahltransports ~ eingegan-
gen.

Das Elektronenstrahlvakuum ist in
mehrere Abschnitte aufgeteilt, wobei
eine wesentliche Unterscheidung zwi-
schen dem Teil der supraleitenden Be-
schleunigungsmodule mit der Betriebs-
temperatur von 2 Kund dem restlichen
Beschleunigervakuum bei Raumtempe-
ratur gemacht wird. Der Raumtempe-
raturteil wird aufgrund der Vielzahl ver-
schiedener Anforderungen wiederum

ZUSAMMENFASSUNG

Fiir den European XFEL ist Vakuum
eine Grundvoraussetzung fiir den
erfolgreichen Betrieb. Neben den Va-
kuumeigenschaften war dafir eine
Vielzahl anderer Randbedingungen
an die Komponenten zu erfiillen. Her-

ist hier i die

unterteilt in mehrere Sektoren: Injek-
tion, Elektronenpulskompression, Kolli-
mation, Undulatorbereich sowie Strahl-
transport. Alle diese Sektoren sind mit
detaillierten Spezifikationen aus den
Bereichen Vakuum, elektrischer Leitfa-
higkeit und Magnetisierbarkeit, Ober-
flachengute, Reinheitsklasse in Bezug
auf Partikelfreiheit sowie Fertigungs-
und Aufstelltoleranzen versehen.

sind viele Komponenten speziell fiir
den European XFEL entwickelt wor-
den, um zB. die hohe Elektronen-
strahlqualitat zu gewahrleisten. Durch
redundante Auslegung und Segmen-
tierung des Vakuumsystems konnte
die Ir i in kiirzester Zait

erforderliche Reinheitsklasse, die fur
ein kilometerlanges System des Teil-

erzeugt. In drei Elektronenpulskom-
pressoren werden die Elektronenpa-

©2018 WILEY-VCH VerlagGmb H & Co. KGaA, Weinheim

chenbescl und beiden Ront-
genoptiken erreicht wurde. AuBerdem

DOI:10.1002/vipr.201800673

erfolgreich stattfinden. Die ersten Ex-
perimente mit dem Rontgenlaserlicht
haben bereits stattgefunden.

Vol.30 Nr.2 April 2018

Vip 47

https://onlinelibrary.wiley.com/doi/full/10.1002/vipr.201800673
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Transitioning from
construction to operation...

2017 to 2019
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First light in 2017. First simultaneous lasing in 2018.

European XFEL
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Facility Development [F==4

XTD9 (SASE1) Beam Permission XTD6 (SASE2) Beam Permission
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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.

] | European XFEL



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

Testing an e-beam welder....

W September 2017: E-beam “welding” @T4D
B Malfunction of dipole magnet, beam was steered downwards by safety magnets

Bl Leak just right before SASE3 VO
B Two sections of the photon vacuum were vented
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Upgrades on large and complex beamline components

v

-

IS B 0 European XFEL 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.

Length 100m
Gi2595

‘ :Eynsham * Ot
&xgﬁ}; ] OX84

Aluminium Wire High Purity 99.999%
Temper as drawn

C'alalogue No. AL501318
Diameter 1,0mm

Sthraffierter Bereich zwisthen Inmenréndern der Bohrungen und innerem
"IN

tung parallel zum Innenrand wr
rten Bereich keine weiteren

Rand auf Rz 1.6 poliert: Bearbeitungsr
an den Ecken leicht dberlappend; im pol
Bearbeitungsspuren sichtbar

Diese Flahe ist eine Dichifliche fir eine Aluminiumdraht-Dichtung.”s

Hatched area between edges of holes and inner edge polished to Rz 1.6:
abrasive lay parallel to inner edpe and slightely overlapping al corners:
marks to be visible in polished area

is for an aluminium wire seal.

siehe Anmerkung/
see note
poliert/polished
116

L J | European XFEL
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Referenced materials: courtesy of Daniele La Civita [Mech. Engineering]
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The ,,peaceful® years...

...despite COVID crisis.

From 2019 to 2022

I B Y European XFEL
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First (and recurrent) replacement of damaged imager screens

SA3_XTDIO_IMGFEL « horizoatal (mm) SA3_XTD10_IMGFEL - horizontal jmm)

0 2 K 6 8 10 12 14 16 18 20 2 A 0 2 4 6 B 10 12 14 16 18 20 2

1800

1600

£ E s

E 8 £ 8

= ™ 1000

3 3

2 i Region of Interest B 3 Region of Interest 800
damaged : 2 mm 9 hit %
coating — — o

FEL-lmager XTD10 FEL-Imager XTD10

Andreas Koch, Jan Grinert, "Radiation hardness of luminescent screens
under FEL radiation,” Proc. SPIE 12578, Optics Damage and Materials
Processin EUV/X-ray Radiation (XDama), 1257803 (6 June 2023); doi:
10.1117/12 2665629

Event: SPIE Optics + Optoelectronics, 2023, Prague, Czech Republic

I B 0 European XFEL Referenced materials: courtesy of Andreas Koch [X-Ray Diagnostics]
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Eutectic cooling of Mirrors — GalnSn as heat transfer interface.

I European XFEL Referenced materials: courtesy of Antje Trapp and Idoia Freijo-Martin [X-Ray Optics]
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Eutectic cooling of Mirrors — Required preconditioning.

"-r'."«_”‘é 4
- -
"

Fgure 1: Pre-conditioning chamber set-u. V1 is the camer alve, V2 i.s: the scroll-
pump valve. V3 is the venting valve.

I B Y European XFEL
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Eutectic cooling of Mirrors — Very slow pump-down

7 . —__-._.———'"

I BN 0 European XFEL Referenced materials: courtesy of Antje Trapp and Idoia Freijo-Martin [X-Ray Optics]
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Eutectic cooling of Mirrors — Accidental spillage

“ l -

p I -y \\\‘A\
Sr——\N

I B 0 European XFEL Referenced materials: courtesy of Antje Trapp and Idoia Freijo-Martin [X-Ray Optics]
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Eutectic cooling of Mirrors — Overview

Some lessons learned

I Hazardous substance — lots of safety measures + special rules for disposal
I Get in touch with experts

I High surface tension — does not stick to surfaces easily
I Surface structure is important
I Wetting of surfaces

I Gas bubbles — may release and pop in vacuum
B Pre-condition liquid in vacuum
i Avoid to stir
= Very slow pump down

I Aggressive on aluminium — danger to your components
B Nickel coating

i How do you clean it up???

B Very tedious procedure

I B 0 European XFEL Referenced materials: courtesy of Antje Trapp and Idoia Freijo-Martin [X-Ray Optics]
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Front-end upgrade program

Burn-through monitor
Air volume connected to the outside, which will be
perforated in the event of an absorber failure

Air cylinder to drive

absorber in and out \

B,C absorber brazed on ] “i' !
water-cooled copper block |
o =

| ﬁ:.\ Air cylinder to drive
shutter in and out
.[J [J.

STl s

R .. =3
F-i w
”u ’1‘ r

Tungsten-
collimator

Tungsten shutter
XFEL beam

Referenced materials: courtesy of

Martin Dommach [Vacuum]

Two 75 |/s ion sputter pumps, average

I B Y European XFEL
pressure pressure < 1*10-® mbar
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Fluorezenzspektrum bei 6.1 keV, 100 Pulse Uberlagert mit PM— und MPPC-Ansprechwahrscheinlichkeit
800

T
XFEL Messung ———
PM Ansprechw  ———
MPPC Ansprechw

Front-end upgrade program

700 -
600 i

/ / ‘
500 1

400 |

Intesitat [a.u.]

300

f’/ |
200 |/ b

i
100 |/ (IHE

LI oS

I i .
300 400 500 600 700 800 800
Wellenlénge [nm]

8  New burn-through detectors (DESY-D3):
B Redundancy concept (MPPC & PM)
B8 Built-in LEDs for auto-diagnostic.

B  New burn-through system
M Pipe insert
M B,C block 35 mm (vacuum)
B Graphite block 40 mm (air)

" New absorber:
B 2 CVD diamond plates
» 2 mm thick
» Single side clamped
M 60 mm B,C block
B Water cooled

I B Y European XFEL —
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Front-end upgrade program

B From 3" generation light source concept to XFEL-enabled
version.

12 front-end absorbers modified during one winter maintenance
period (5 weeks aprox.)

W4 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).

I B Y European XFEL
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A somehow unexpected visitor: Helium from an experimental station.

I B Y European XFEL
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A somehow unexpected visitor: Helium from an experimental station.

V512050_V12060_VS12070_FXE

G12050P y G12060C
SASE1 Vacuum Sections VS12050, VS12060 and VS12070 \:Ime 05 mbar

G1207T0P : G12080C
G12027P 1le-09 mbar G12028C 120308 c1a080c 2.1e-09 mbar

o e . 9@
3324 m 332Tm 3335 m
FRONTEND

QMS /RGA

3304 m L
FXE VAC OK
BLM [={Kollimator | Monol Mono {POP-IN [-{ABS |—|SHUTTER
\uzoaoc i % % % \uzo?oc i @ i vuosoc }: }: vuosom
Close P121301 P122001 P122101 P122201 Close P122301 P122401 Close P122501 P122601 P122701 P.1.2280I P.1.2290I
| 3.8¢09 mbai | 28¢09 mbaf| 22e09 mbaf| 2.0e09 mbai | 20e09 mbal| 18e09 mbai | 5.1e09 mbaf| 7509 mba] | 5.e09 mbar]| 3.6e09 mbai 4.4e-09 mba

O-ring sealed Be-window.
Dome volume backfilled with He-gas.

First instablities observed at the instrument lon pumps. Later affecting to tunnel beamline sector.

L J | European XFEL
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A somehow unexpected visitor: Helium from an experimental station.

Procedure
red=He

orange=N, * Install ionpump, pumpcart and O,-supply on chamber
pu rpIe=02 * Purge with Oxygen up to 1le-2mbar, evacuate until 5e-émbar

* Switch on ionpump with pumpcart running and ensure that
pressure on ionpump stays beyond le-6mbar

* When pressure has stabilized keep pump runing for S5mins
* If more than one pump, do one after another

w0 | - + Afterwards switch off pump(s) and bake pumps for 24hrs with
pumpcart connected

* Do 5-6 cycles

%105

Pressure

T T T T T T T
18:20:00 18:25:00 18:30:00 18:35:00 18:40:00 18:45:00 18:50:00 18:55:00
Elapsed Time

I B 0 European XFEL Referenced materials: courtesy of Michaela Petrich [Vacuum]
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Rall Villanueva, OLAV VI. Fermilab, 18" April 2024

Release of facility wide preventive maintenance programme for TMP's and

mechanical pumps

Maintenance of PFEIFFER TMP's @ EuXFEL
Facility.

Vacuum Group ongoing activities and overview of
a more general proposal for the rest of the facility.

Raul Villanueva
Vacuum Group

2020.04.01

—— European XFEL

L J | European XFEL

European

XFEL

Maintenance of PFEIFFER TMP’s @ the EuXFEL Facility.

Radl Villanueva. European XFEL Vacuum Group. 2020.03.16, Schenefeld.

The EuXFEL Vacuum Group Maintenance Plan* (B.L. TMP’s)

Average Rotation per

pump every 5-6 years

27 Beamline TMP‘s (>5+
years old) (VG)
(>40 in total)

2020 Long Winter Shutdown
Programmed 2nd intervention
(XTD2 XGM-DPS)

1 | European XFEL

Spares Inventory Proposal (2018)
(Programmed Maintenance +
Operation Emergencies)

Specific periods of intervention
are tailored for each pump type,
application, operating conditions,
organizational aspects, severity of
failure consecuences, control &
surveillance of parameters, etc...

After maintenance, pumps are
tested, XIM history updated
and ready for the next
intervention.

2019 Long Winter Shutdown Programmed
1stintervention
(XTD9 XGM-DPS completed + 1 pump in
XTD1 to be investigated)

pumps are functional & ready for
“standard” maintenance (cleaning,
bearing exchange and recommissioning)

(*Only a glimpse)
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The first signs of maturity

From 2022 onwards

I B Y European XFEL
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Power supplies on fast valves controllers

=45 h.
Beamdown

Vacuum related problem in SASE3 / beam down in SA1+5A3

Effects: beam down in SA1 and SA3 since shortly after 20h.

Initial Analysis: The Fast Valve in SASE3 / XSDU2 closed and interlocked. SQS notified the PRC. VAC-OCD informed, DOC informed.

DOC, VAC-OCD and EEE working together to solve the issue. Conclusion towards 22h: the fast valve could not be opened from remote, probably a controller / hardware issue.

Physical repair: At 22h it was clear that an access was necessary. BKR was instructed to prepare a ZZ access. } . .
i e L BE it S e T R Total SA1+SA3 downtime due to this event: 20h05 to 00h32 = 4 hours 23 min
One new crate was installed and some modules exchanged from the old to the new crate (see attachments # 1 and #2 . . .

¢ ( ) SASEZ was unaffected and continued to measure happily throughout this.

Repair completed by Oh15, out of tunnel by 0h25 and beam back to SASE1 and SASE3 at Oh32.
Root cause of this first-time failure of this controller will be investigated in the lab.
Radiation damage could be an issue since this controller is located in the most upstream photon system rack of SASE3, directly above the dump DU2.

Total SA1+SA3 downtime due to this event: 20h05 to 00h32 = 4 hours 23 min
SASE2 was unaffected and continued to measure happily throughout this.

I B Y European XFEL
Referenced materials: courtesy of Benoit Rio [Vacuum]
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Power supplies on fast valves controllers

¥ Root cause is not completely clear.

m All affected controllers failing in a short
term period.

" Preventive exchange of all power
supplies

" Unexpensive action but with high
impact on operation.

[T

1=
=

-

S
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lon pump controllers

= Agilent 4UHV ion pump controller
B Old models tend to break when being
switched on
B Spare units
B Ongoing exchange programme

I B Y European XFEL
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Increased number of field interventions on solid attenuators (damage and
repositioning)

SA1_XTD2_IMGFEL - horizontal (mm)

10 11 12 13 14 15

4000

X-axis (pixels)

1440 1460 1480 1500 1520 1540 1560 1580 1600 1620 1640 1660 1680 1700

FEL-Imager - SA1_XTD2_IMGFE

Figure 1: Limiting screw before (left) and after (right) intervention

L J | European XFEL
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Reaching the limit of material fatigue in bellows.

Solid Attenuator _
Instructions
Photon Energy 8800 V| |8800.0 ev -

. . Put 1.2 mm CVD diamond
Desired Transmission 0.10000

H : . to insert the Si plates
FII’S'[ eV|denceS. OCD Ca” Target Transmission | 1.031e-01 | e
Actual Transmission | 1.000e+00 | Move Target link to direct "Move Target” control
. . . Safety check YAG screens @ 1/10 of damage level of FEL imager ! | 10
B Beam permission removed during o _ | B
Click "Find Target", if "w" or "c" check screen watchdogs, increase attenuation. Alarm for above calculated target transmission

user’s run.

= Pulse energy at
Watchdog for imagers downstream of solid attenuator: Downstrea
Prevents to open attenuators if imagers are in danger. imagers
. . To bypass Watchdog open "link to direct control". - ]
B8 Pressure burst in Solid Attenuator . |
(2.4 mm CVD temporarily out of service) Stop Monitoring
sector. CVD Diamond Silicon
Toum  150um  300um  600um 12mm| 2Z4mm||0.5mm Imm mm =y

B8 Remote evaluation possible... O O O O 0Olo o o Q Target | linkto direc

"Open" control

OpenAl || OpenA2 || OpenA3 || OpenAd4 | OpenAS | OpenA6 || OpenAT || OpenAS || OpenA3
green=0UT (press open)

| | | | | | | | | | - | | | | | |"|!“:tl‘lal grey:".] {pressdgse)
Close Close Close Close Close Close Close Close

Setup Setup Setup Setup Setup rs_-e’tup | Setup Setup Setup
| 69.8 ‘ ‘ B67.5 | ‘ 64.1 ‘ ‘ 57.3 | ‘ 73.2 | 13T2,G| | 66.3 | | 58.8 | | 714 ‘

Temperatures (°C)

L J | European XFEL
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Reaching the limit of material fatigue in bellows.

B [n situ intervention confirmed the working
hypothesis.

Bl After first mitigation measures to resume
operation, the expected questions arised.

BN Further evaluation on system management
and maintenance programme now in place.

I B Y European XFEL




pressure in mbar

European XFEL Photon Beamline Vacuum System. First years of operation: an overview. Rall Villanueva, OLAV VI. Fermilab, 18" April 2024
Positive outcome #1: testing high-speed interventions!

VS20040 (Solid-Attenuator)

1.0e+5 { _ _ (Preparation — Venting — Repair - Pumpdown — Leak Search — Sector Recovery) = 3h.

1.0e+4
1.0e+3
1.0e+2
1.0e+1
1.0e+0
1.0e-1
1.0e-2
1.0e-3

1.0e-4

1.0e-5

11:05 11:10 11:15 11:20 11:25 11:30 11:35 11:40 11:45 11:50 11:55 12:00 12:05 12:10 12:15 12:20 12:25 12:30 12:35 12:40 12:45 12:50 12:55 13:00 13:05 13:10 13:15 13:20 13:25
== P201401150| == P20150175-55-40 | == P20160I1 75-55-40| == P20170| 75-55-40 | == P20180|75-55-40| == SOL_ATT_COMB
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Positive outcome #2: increasing use of survey tools for scheduling maintenance
duties.

SA1 pneumatic Attenuator transitions

SA1_XTD2_ATT/PNACT/A1.count

B 4264
SA1_XTD2_ATT/PNACT/A2.count
4357
SAT1_XTD2_ATT/PNACT/A3.count
6450
- SA1_XTD2_ATT/PNACT/A4.count
o 8724
SA1_XTD2_ATT/PNACT/AS5.count
9561
SA1_XTD2_ATT/PNACT/A6.count
_ 10276
SAT_XTD2_ATT/PNACT/A7.count
5098
G rc fa n q SA1_XTD2_ATT/PNACT/A8.count
2728
SAT_XTD2_ATT/PNACT/A9.count
| 1317

I B Y European XFEL
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Noble gas instabilities

% v X (I
XTD3 G11030¢ G11060C G110TOF G11100¢ G11120¢
®| 64e09 mbar_| @\ 1.0-06 mbar @ ®| 8207 mbar_ | ®| 40e 09 mbar_|
V110706 V112206

| close | X V110806 X V111206 V111505 Xvunoc X vi12106 | Close |
. P11200T . P112207 . P11260T . P11260T

X V110904 X V111104 X V111804 X V112004

@ 5 16-03 mbar V11100A  PIIZLIR PLIZTIR V111908 @ 4.82.03 mbar

611040 G11110P
Reset DP_OK-Signal ()

[H

DK

HED g frers
messsssss  clectron tunnel € electron switch Density Science

Materials Imaging
s photon tunnel ® electron bend MID o5 mamics

Hnmumnm undulator 1 electron dump

Xs2

@ w ] xsDU1
xs‘i/ .
(] (]
\\\\\\“““@
.
|

xs1 | [\ xs N\ FXE S Eotiments
= kC LTI l\ SPB Snge Partiles, Clusters,
V \ I and Biomolecules and
i, SFX Serial Femtosecond

1y Crystallography
”””’. 1l xsouz
SXP soft xeray Port
— Small Quantum
= 8QS i
Spectroscopy &
SCs Coherent Scattering
linear accelerator SASE 2 SASE 1 SASE 3
for electrons (10.5, 14.0, 17.5 GeV) 0.05 nm - 0.4 nm 0.05 nm - 0.4 nm 0.4 nm - 4.7 nm
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Noble gas instabilities

le-3

le-4

r(

le-7

12/16 01/01 01/16
== XTDO09-XGM

I B Y European XFEL

Raul Villanueva, OLAV VI. Fermilab, 18" April 2024

XGM's - Pressure Tracking - [SRG from DOOCS] ~

1.49e-8
7.45e-9

Z LA

4.66e-10
2.33e-10
1.16e-10
5.82e-11

2.97e-11
11/01 11/04  11/07 11/10 1130 11716 11/19 0 11722

== SA1_XTD9_VAC/IPUMP/P11290l.mean

11/25

11/28
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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 104 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) < 5:10-19 mbar-l/s (measured partial pressure < 8-1011 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.

] | European XFEL



...but also some time for
developments & collaborations.
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Machine learning to anticipate noble gas bursts

Interpretable Machine Learning at the EuXFEL Danilo Ferreira de Lima et al (EuXFEL) March 2024 21

How can we detect it?

( ) SVM: Support Vector Machines
Foature | - e CNN: Convolutional Neural Networks
) SVM
_extraction F:] M, 3
-7 N\ Feature Extraction
010 : 107
Sensor WS @e aa F@a s ma s mo wa @I @3 ms |
readings ) o . Statistical moments 10°¢ u‘
Two methods researched with similar - T I
performance X1 Standard deviation (spread) 2 ‘I\‘
. . g107 I
> CNN ] SVM makes a linear cut in the feature Xz Skewness (symmetr) i /)
space of peak characteristics — easy Xz Kurtosis (flatness) 108 AN
Method | Accuracy [%] | Precision | Recall and based on : Xa Hyper skewness (tail behavior) ' o T
SVM 99.98 1.00 0.96 CNN uses all information. 0 5o B @ S & 7o
CNN 99.95 0.99 0.99 , Data Samples
Prefer interpretable method! ﬂ
(Amna Majid) Web interface for monitoring =
I B 0 European XFEL ) [X1, X2, X3, X4]

] | European XFEL
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 COnvenlent ~ O Pump it app! - Noble Gas Instabilities in lon Pumps
approach.

Pump Name Timestamp Newly Detected Peak

SA3_XTD16_VAC_TPUMP_P38020T_pressuraCh2 A Y

SA1_XTD9_VAC_IPUMP_P11148I_pressureChd

| n p re paratl O n : We b SA2_XTD1_VAC_IPUMP_P28038I_pressureChl

SA2 XTD1 VAC IPUMP_P2@18@I pressureChl le-4

2922-12-13T14:07:48+00:00

SA2_XTD1_VAC_IPUMP_P20158T_prassureCh2

I n te rfaC e fo r exp e rt SA3_XTD1@_VAC_IPUMP_P30@481_pressureCh4
SA1_XTD9_VAC_IPUMP_P1119@I_prassureChl

S u p e rV i S i 0 n & fe e d b aC k to SA2_XTD1_VAC_IPUMP_P2016@8I_pressureCh3 e

SA3_XTD1e_VAC_IPUMP_P3037@I_pressureCh3 15:12 15:14 15:16 15:18 15:20 15:22 15:24

_ Sl
th e m O d e I tral n I n SA1_XTD2_VAC IPUMP_P18@68I pressureCh3 Dec 7, 2021
. Time

SA1_XTDZ_VAC_IPUMP_P11348I_pressureCh2

Pressure

SA1 XTD2 VAC IPUMP P1816@I pressureChl
Count of detected peaks per month
Featurs domain plot (training data)
50
40

40

Count

20

kurtosis

20

Month

L J | European XFEL
Referenced materials: courtesy of Danilo Ferreira and Amna Majid [Data Analysis]
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Device developments for experimental stations

May 2017

Ral Vilanueva

on behalf of the Vacuum Group (V)

al the Europsan XFEL

I B Y European XFEL

Conceptual Design Report

Sonic Delay Line
design proposal for
SPB/FXE Instrument

P (mbar)

P (mbar)

1075
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T T T T T T 1
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" Shutter OPEN
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Studies on FEL beam interaction with gas targets:

European XFEL

Joint Operation of SASE3 Beamline Gas Attenuator European
and Intensity Monitors at the European XFEL XFEL

Raul Villanueva [Vacuum Group]
Tommaso Mazza [SQS Instrument]

Hamburg, 18" September, 2018.

PhotonDiag

Raul Villanueva, OLAV VI. Fermilab, 18" April 2024

Correlation Plot

IMGPII90 XGM Intensity Vs. IMGPIIS0 Mean Pixel Value
Mean Pixel Valuel
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Present and future perspectives

I B Y European XFEL
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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)
European XFEL
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....one last thing

] | European XFEL
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. A Plasma Interface for XFEL atmospheric-pressure Experiments

PIXIE - Upsiream & Dowsiream Pressures

1.0e+3
51e+2
26e+2
1.3e+2
= B.de+
T
£ 32e+
»
g
2
D 16e+
8.0e+0
4.0e+0
20e+0
1.0e+0
15:00 1502 1504 15:06 15:08 1510 1512 1514 516 15:18 1520 1522
G00040D G00040D
PIXIE - Pressure Ratio vs. Plasma Current & Gas Througput
1200
f i AT (W
Mk Iy bt |
100.0
£ 800 | A ey, \n i \ My
3
=
> 60.0
]
c
2 |
o400
&
200
0
15.00 1502 15.04 15:.06 15:08 510 1512 1514 516 1518 15:20 522

== Pressure Ratio Plasma Currem
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Thank you for your attention!

L J | European XFEL



