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About the European XFEL

Start 2009
Task : Construction and running of the X-ray Laser Facility

Germany (Bund, Hamburg (65 M€) und Schleswig-Holstein (25M€) ) 58%, Russia 27 %, Italy 3%,
others 1-3%

DESY operates the accelerator
Staff XFEL about 350, Staff @ DESY about 250

Start of operation 1. July 2017

B 1,22 Mrd. € (2005 prices)

B 600 Mio € in cash, 600 Mio € in-kind

B8 Yearly running costs 117,6 Mio € (2018)

L J | European XFEL



Status European XFEL and SASE3 Serguei Molodtsov, February 12, 2018
General layout of the

g

Experiment Hall
2 in Schenefeld

= EN N e
Iy o V'3

A y: : S
o f : v
¢ 7 2
;" A e BT e
L& Tl E ! H 1 ; -
L R ot : . A=A

ar Accelerator

op TN / = %

s S -

=

I B W European XFEL




Status European XFEL and SASE3 Serguei Molodtsov, February 12, 2018

=, BERETRERERBRE FELsS

% 1091 — FEL

el -

‘g L 10*® Photons
- PETRA IIf

,E — ESRF 2. upgrade —
cﬁg — 3rd . |: ESRF 1. upgrade ]

o | generation _

.E 1018 L ESRF proposed ]

g i . —  »l«—— 2-100fs
é - —

= 141 2nd generation of

9 10 : synchrotron light sources ] DORIS II l

g | 1st generation _ S R

& 1010[ : Undulator 10° Photons
%)

g} - X-ray tubes _ (X 10 6)

o - - / 100 ps
< 106 N [ () W O O [ - time

1900 1950 2000
Years

I B W European XFEL



Status European XFEL and SASE3 Serguei Molodtsov, February 12, 2018

Key parameters of European XFEL

600 ps
e 994 ms

Electron Energy 8.5-17.5 GeV N g
Photon energy 0.26 - >25 keV y /I
Pulse duration 2—100 fs /\ ! !
Seeding In preparation Specific electron & x-ray beam delivery pattern
Follows from pulsed RF system
# of pulses 27000 /s Trains of e”/x-ray pulses
# of FELS 3 Max. = 2.700 per train / 27.000 per sec
# of instruments 6

High average brilliance
Start of operation 2017 Feedback & time and space stabilization
Dedicated pulse delivery

L J | European XFEL
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Undulator Segment FEL radiation energy [keV] Wavelength [nm]
SASE 1 3 - over 24 (Hard XR) 0.4 -0.05
SASE 2 3 -over 24 0.4-0.05
SASE 3 0.27 — 3 (Soft XR) 4.6-0.4

Materials Imaging
MID and Dynamics

IS clectron tunnel € electron switch T——
HED matter Experiments
photon tunnel @® electron bend
Optional space for
I undulator B electron dump - S Siac it ione St
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Single Particles,
XS; o) SPB _clusters & Biomolecuies
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‘ Femtosecond

”’l”,"’.. FXE x-ray Experiments

‘ B xspu2 p———
ma uantum
\ SQS Systems
Spectroscopy &
SCS Coherent Scattering

linear accelerator SASE 2 SASE 1 SASE 3 XHEXP1
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

Orange color: X-ray optics & Beam Transport
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First lasing May 2, 2017 at 9 A
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Lasing at 2 A on May 24 and beam at the end of tunnel May 27

Commemorating European XFEL's
first X-ray beam at the end of the

Klaus Giewekemeyer, SPB/SFX Instrument

L J | European XFEL
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Beam in Experimental Stations SPB/FXE and FXE June 23

Interlock test on June 6 cancelled due to cable problems
Interlock TUV test made succesfully June 20 e o

Diffraction on Si powder standard (N.fSIT)
XFEL beam: 8.3 keV, 15 uJ, 2 pulses per train

B Beam

— == Karabo

[ SPB/SFX Scientific Instrument

Fresnel diffraction from
coherent XFEL beam

XFEL beam:
Photon energy 8.3 keV,

Pulse energy 1 m)

L J | European XFEL
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LPD tests at FXE, 12-13.08

LaBg calibration powder, ~140 mm to detector
LPD single shot image,;
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First scattered FEL beam in AGIPD
on 1 September
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Inauguration September 1, 2017

Hamburg shines for the European XFEL

Serguei Molodtsov, February 12, 2018

12
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Guest house, start soon

Campus development

Workshop and
- storage finished soon

High-power Laser,
UC, offices

Canteen, rea
fall 2018

I B Y European XFEL
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1st Call for Proposals (CfP)

Opened: Jan 2017; Deadline : Mar 2017; PRP: May 2017; Info: Jul 2017; Allocation: Sep — Nov 2017
At deadline 63 proposals (37 FXE; 26 SPB/SFX incl. 3 community proposals) had been received
Technical feasibility, safety assessments and initial assessment by PRPs in parallel.

PRP in-person meeting on May 11+12, 2017 in Schenefeld to establish a final ranking

PRP lists were used to make a final allocation of experiment proposals to beam time
Technical feasibility
Modified availability of all subsystems
Maximize number of user groups provided experiment time
Definition of shifts

Allocation of 14 experiment proposals (out of 63) corresponds to ~20%

Information was sent to Users by end of June

L J | European XFEL
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Many thousands of frames of diffraction data was collected

and successfully analysed to give a structure!
Results from XFEL2012, initial refinemefit..

Rwork/ Rfree;' 0 .16

8/0.193
Average B 4 Qi O

4.9

W This is the first realisation of the European XFEL's purpose—a complete experiment from start-to-end
demonstrated in the very first user experiment at the facility at the SPB/SFX instrument
(Data September 2017, Analysis November 2017). That is, structural biology works at XFEL!

I B W European XFEL



Status European XFEL and SASE3 Serguei Molodtsov, February 12, 2018
First users in structural biology — September 14
e\ ‘!\5“?&““" / fﬂif{iﬁf * . &

* "q

‘ " | ‘.l‘ ":' ‘
E ’ —

Four Months from first Iasing to user operation !

I B W European XFEL
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Some user statistics

u Garmany w Germany
USA USa

m UK mRussia

u Sweden mUK

m Russia ® France

= France u |taly

m [taly = Switzerand

w Switzedand u Sweden

= Australia u Poland

= South Korea = Australia

® Denmark = Japan

u Japan w South Korea

m Poland m Denmark
Spain m Slavakia

m Slovakia Spain

m Czech wCzech

= Morway = Finland
Hungary Greece
Finland Hungary
Israsl Norway
Grezce Singapors

Figure 11: Number of co-proposers per country (except European XFEL) Figure 12: Institutions on proposals per country (excluding international

institutions)
I B Y European XFEL
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2018 Calls for Proposals

2nd CfP

Opened: Oct 2017; Deadline: 16 Nov 2017; PRP: Jan 2018; Info: Mar 2018; Allocation: May/Jun 2018
5 wks; ~600 hrs; only FXE & SPB/SFX
New parameters: add. options: 300 pulses, 7 — 14 keV

New instrumentation: FXE: timing tool, mono, single-shot spectrometer

3'd CfP

Open: Mar 2018; Deadline: Apr 2018; PRP: Jun 2018; Info: Aug 2018; Allocation starting Nov 2018 until
Jun 2019

At least 9 - 10 wks; all instruments: FXE, SPB/SFX, SQS, SCS, MID, (HED)
New parameters: to be defined

New instrumentation: add. instruments, SPB: KB mirrors, thd

L J | European XFEL
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Overview

"% Undulator systems

" Optics and diagnostics
" Experimental hutches
W Optical lasers

W Detectors

" Sample environment

I SQS instrument

I B Y European XFEL
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SASE System without With enclosure All gaps closed to 10 mm

 Hardware installed & aligned o All gaps can be closed to 10 mm
« Control system & remote controls operational o System is fully operational
« Air conditioning commissioned & operational * Final system tests were done

SASE3 undulator is fully operational since the end of March 2017
First lasing was achieved on Thursday last week !!!

I B W European XFEL
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Implementation of circular polarization in 2020, cooperation with SwissFEL

<—— Aropo =12.2m >< Aeopo =12.4m ———>
<— 6.1m —>ig 6.2m —>
.......... ) | i )| )

—> 1. 1m€— i

Boundary condition of the design considered was minimum invasiveness to the SwissFEL/PSI
undulator layout with the main goal to decrease implementation costs.

Afterburner sections length (2 m) and the precise mechanics were selected to be the same in
both cases for the European XFEL afterburners and the undulator of SwissFEL/PSI.

Solution presented allows using intersections, phase shifters, and quadrupole movers already
used at the European XFEL.

L J | European XFEL
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Optics & vacuum components installation summary SASE3

All components are delivered and installed.
Racks & cables: Most essential cables for first commissioning are in place.
Vacuum system is complete and closed.

Controls: Vacuum complete and in operation. Motion control under local testing and Karabo
projects are being set up.

Optics: Two offset mirrors and optics for soft-X-ray monochromator (2 pre-mirrors, 1 short
grating, 1 long grating blank) are installed.

Commissioning of beam transport in XTD10 will start on February 14.

L J | European XFEL
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Current view of SASE3, XTD10 tunnel Vacuum Control System (PLC/Karabo)

% v XK v
SASE3 Vacuum
XTD10

SRA  K-Mono XGM GATT IMG M1 M2 McP

Linac VS30010 VS30020 WS30030 WVsS30040 V530050 WS30060 WVS30070 VS30080 VS30090

TI<HEDHEDHEDHEDEDHEDHEDHEDHE—

V30000M V30020G V30030G V30450G V30460G V30890G V30900G V30910G V30920G

SQS2
VS32010 WS32020 WVS32030

PP

32010G  V32020G V32040M

SQS

VS31010 VS31020 WVS31030

V31010G  V31020G V31040M
5CS
V533010 VS33020 VS33030

DIHEDKHE

V33010G V33020G W33040M

Pop-in  S-Mono  DOD M3 Pop-in
V530100 VS30110 VS30120 VS30130  VS30140

DHEDHEDKEDEDHE

V30930G V30940G V30950G V30960G V30970G
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Diagnostics installation summary SASE3

Systems:
FILT, IMGTR, KMONO, IMGSR, XGM, DP (PES related differential pumping), PES,
IMGFEL, MCP-detector, IMGPIIIl, IMGPII90, IMGPII45, 2 x IMGES, 3 x IMGPI

Mechanics / UHV chambers
All supports installed and surveyed
All vacuum chambers installed and connected to beamline vacuum

Gas supply system installed, tested, flushed; operational for XGM
All electronics and cabling installation completed (except PES)

Technical commissioning without beam
Completed for XGM, DP, Imagers. Ongoing for MCP, KMONO
not started for PES (on locally controlled vacuum operation)

European XFEL
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SASE3 photon diagnostics

X-ray gas monitor (XGM)
here is shown the fully assembled version of XTD2

I B W European XFEL
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SASES3 photon diagnostics: imagers

T, W

Typelll § i FEleager
pop-in monitor == : =

European XFEL Ty ) Type 11-45 pop-in ._' 3 pop-ins Type B
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Serguei Molodtsov, February 12, 2018

SASE3: Status of the civil construction

"% Laser hutches: Done.
" Experimental hutches: Done.

¥ Control and rack hutches: Done.

28
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SASEZ3: Status of the technical infrastructure installation

% AC / Cooling: AC devices are in
and are being prepared for
commissioning. Will provide clean air

from middle of March 2018.

place

- .

Electrical inst.: Cable trays done,
power cabinets in place, being hooked
up. Should be ready by mid of March.

Sanitary: Working, not critical.

Gases: Preparing for final acceptance
tests.

Fire safety: 95% done.

I B W European XFEL
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SASES: Status of the cabling / PLC planning

B IT cabling: Done, final acceptance test
planned for the middle of Feb. IT
connectivity available mid of March.

"% PLC modules production: ca. 80%
produced & tested. Remaining modules
produced until March.

® Phase Il cabling (motors, sensors...):
All cabling done in April 2018.

W Scope of planning & work: 160+ PLC
modules + 3200+ associated cables (not
counting power or IT)!

W Start of electronics and cabling
commissioning: April 2018

I B W European XFEL
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SASE3: 2018 schedule

B First Lasing in February 2018, beam
brought up to the end of photon tunnels

"8 Major infrastructure works will finish in
March/April

" Day 1 instrument installation starting in full
swing in March/April

B Commissioning of instrument controls &
electronics without beam in May/June/July

B Instrument commissioning with beam in
August/September

= Very first trial experiments in October

Bl Potential first scheduled users in middle of
November

I B W European XFEL

Serguei Molodtsov, February 12, 2018
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PP-laser installation schedule
B General PP-laser installation schedule:
Task 1. Laser tables and infrastructure in PP and ILH-hutches

- Task 2: Components + commissioning in PP and ILH-hutches

- Task 3: Beam to experiment
B Challenges:

> Parallel installation at SASE 2 and 3

B SASE-specific schedules:

Simultaneous operation at SASE 1

JuI 2016 [DIToll INF-13 2017 DITol INF-Tg 2018 Dec |Jan 2019

L J | European XFEL
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Detector Processed DEPFET Wafer

Vacuum Cooling
Vessel '

Courtesy DSSC Collaboration

Provided by pnSensor GmbH
g ~ (| T

Measured DEPFET Characteristics
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I Project started one year later “ooiss monedo e st fane e < 5.
®¥ Production of detector components almost completed g f y
. 30 - i

# Front-end electronics produced and successfully tested

W Collaboration is focused on integrating, calibrating and commissioning of the 10
first full size 1 Mpix camera based on MiniSDD sensors, to be ready in Q3 2018 °©

"0 Full specs DEPFET based camera will follow in January 2020 energy deposition [keV/]
I B Y European XFEL Provided by pnSensor GmbH
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FastCCD

Detector arrived at XFEL
Beamline integration at SCS
IS In progress

Calibration is in progress

Ready for installation at
experiment May 2018

pnCCD

Detector for soft- and hard X-
ray imaging experiments.
Procurement and testing of
first components started.

Detector available in autumn
2018.

Primary experiments
SQS and SCS

European XFEL

Serguei Molodtsov, February 12, 2018

pnCCD
PNOSenser! ¢35

------
.....

-

Energy Range
0.03 — 25 keV
Pixel Size 75 X 75 pm?
1024 x 1024 Pixels?
Dynamic Range
6000 ph@1.keV
Frame Rate

up to 150 Hz
Noise
6 e at high gain

lllllll
.....

FastCCD :ml A

B | BERKELEY LAB

Energy Range
0.25 — 6 keV
Pixel Size 30 x 30 ym?2
1920 x 960 Pixels?
Dynamic Range
Approx. 350 ph@1 keV
Frame Rate
up to 200 Hz
Noise
25 e at high gain
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XFEL.EU Biolabs

I B Y European XFEL

Serguei Molodtsov, February 12, 2018
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Serguei Molodtsov, February 12, 2018 36

Highlights from the Sample Environment group

SPB/SFX liquid jet
sample environment

ner with load
lock sample changer for SCS.
Versions for MID and HED in
preparation

Compact pulsed magnet for
MID and SCS:

15 Tesla 0.6 ms pulse length
sample at 4.2 — 300 Kelvin

Aerosol injector:
an in-kind contribution
from Uppsala University

Confocal microscope and scanning
electron microscope (SEM) for
IS N 0 European XFEL sample characterization
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Final Layout of SQS Scientific Instrument Timing g B

Diagnostics 2 Dump

AQS
Atomic-like Quantum Systems NQS
Targets: atoms & molecules
Detection: electrons, ions, photons AQS
KB Optics
Bendable mirrors
3 interaction points

Beam Position a la &
Monitor 4 i,

Gas Monitor
Detector

NQS
Nano-size Quantum Systems

Targets: Cluster, Nano-particles, bio-molecules
Detection: electrons, ions, photons

Alignment
Laser

SQS-REMI

Reaction Microscope
Targets: molecules
Detection: electrons, ions

Angle- and energy-resolved

electron and ion spectra
I B 0 European XFEL in coincidence
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SQS Installation schedule
2017

Q3 Q4

Assembly & Testing

Diagnostice

KB focussmg system
AQS chamber

NQS chamber
| REMI chamber

Hutch handover (Mar ‘18) f t I First beam in hutch

Infrastructure ready (May ‘18) (> Aug ‘18)
Hutch operational (Aug ‘18)

I B Y European XFEL
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L J | European XFEL

Serguei Molodtsov, February 12, 2018

Thank you for your attention
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