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Conclusion: Need a lot more x-rays to see a single particle

First guess solution: Just leave the x-ray tap on for longer!

One guy scatters like... 1
(~ a lot less than a crystal)

Certain biomolecules don’t happily make large crystals, 
making them impossible to see with “garden variety” methods

It’s precisely these biomolecules that are of most interest for medicine—
they represent targets of 70% of the world’s pharmaceuticals!

Image: Virginia Tech

Courtesy Adrian Mancuse

Why are lasers exciting:



6FAIR January 16 2018 Prof. Robert Feidenhans’l, European XFEL

Free Electron Lasers : The exploding protein

Can you beat radiation damage?
Can you measure dynamics
Can you measure at room temperature? 

R. Neutze et al, Nature 406, 752 (2000)
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Coherent diffractive imaging: A route to 
imaging at high resolution without lenses

No lenses
Resolution not limited by optics
(rather by signal-to-noise)

Requires well sampled
diffraction data

Measured data not an image
but must be inverted to yield 
image

Experiment is conceptually simple
In practice, also not too hard
Lots of physics to understand if
one is to really know what’s going on
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Serial crystallography:
Structure determination from very small crystals

Requires ~105 good patterns per structure
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Making molecular movies

Eadweard Muybridge, 1892European XFEL, 2017
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European XFEL Schenefeld Photon Systems 

August 17 2017

Schenefeld und 
Hamburg
European User Facility 
for X-ray Science
Start of operation: July 
1. 2017
First robust users 
14. September 2017.
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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
1,22 Mrd. € (2005 prices)
600 Mio € in cash, 600 Mio € in-kind
Yearly running costs 117,6 Mio € (2018)

+

FP11



Slide 11

FP11 Flaggenleiste mit HH und S-H? Gerade wegen letzterem.
Poppe, Frank; 30.01.2017
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General layout of the European XFEL

Injector at DESY 
campus

Linear Accelerator
1.9 km
17.5 GeV

Undulator/Photon  Tunnels

Experiment Hall
in Schenefeld

12



13FAIR January 16 2018 Prof. Robert Feidenhans’l, European XFEL

Self Amplified Spontaneous Emission 
Tightly collimated (low emittance) electron beam in a long undulator:
coherent emission results from microbunching, produced by amplification of
shot-noise density fluctuations at the resonant wavelength by the radiation,
as it progresses through the bunch.
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FELs
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DORIS III
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Comparison Synchrotrons vs Free Electron Lasers

Free Electron Lasers:

- Based on Linear 
Accelerators

- Deliver ultrashort pulses

( < 100 fs = 0.1 ps= 10-13 s)

- (Transversely) Spatially 
coherent (laser-like) radiation

108!
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Key parameters of European XFEL

Specific electron & x-ray beam delivery pattern
Follows from pulsed RF system
Trains of e-/x-ray pulses
Max. = 2.700 per train / 27.000 per sec

High average brilliance
Feedback & time and space stabilization
Dedicated pulse delivery

Parameter Value

Electron Energy 8.5 – 17.5 GeV

Photon energy 0.26 - >25 keV

Pulse duration 2 – 100 fs

Seeding In preparation

# of pulses 27000 /s

# of FELs 3

# of instruments 6

Start of operation 2017
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Comparison of the hard X-ray FEL Projects

17

Project LCLS I,
US

SACLA,
JP

European
XFEL

SwissFEL,
CH

PAL-XFEL,
KR

LCLS II,
US

Max. electron energy (GeV) 14.3 8.5 17.5 5.8 10 4

Wavelength range (nm) 0.1−4.4 0.06−0.3 0.05−4.7 0.1−7 0.06−10 0.25 – 4.7

Photons/pulse ~ 1012 2 x 1011 ~ 1012 ~ 3.6 x 1010 1011−1013 2 1011 –
2 1010

Peak brilliance 2 x 1033 1 x 1033 5 x 1033 7 x 1032 1.3 x 1033

Pulses/second 120 60 27 000 100 60 105 - 106

Date of first beam 2009 2011 2017 2016 2016 2019



18FAIR January 16 2018 Prof. Robert Feidenhans’l, European XFEL

Undulators in tunnel
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Photon beamlines
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The European XFEL - Science

Orange color: X-ray optics & Beam Transport

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
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10.12.2016: Start of Accelerator Commissioning First Cooldown of XFEL Linac (300K to 4K)
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SPB/SFX experimental hutch in March 2017
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First lasing SASE1 May 2 2017 @ 9Å
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Lasing at 2 Å on May 24 and beam at the end of tunnel May 27



25FAIR January 16 2018 Prof. Robert Feidenhans’l, European XFEL

Beam in Experimental Stations SPB/SFX and FXE June 23.
Interlock test on June 6 cancelled due to cable problems
Interlock TÜV test made succesfully June 20 

Beam

Karabo

Beamshutter opens
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FXE scientific instrument 
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European XFEL Fast 2D Imagers – Hybrid Pixel Detectors

Direct photon detection with Silicon 
sensor
 High quantum efficiency

Signal processing by read-out chip in 
each pixel
 Amplification, AD con-version, 

storage in memory 

Fast read out up to several MHz and 
low power con-sumption

Al entrance window

 Optical/IR light blocking filter

Pixelated Silicon Sensor

Pixelated Readout
Chip (ASIC)

Pixelated Silicon Sensor

Analog or digital memory 

 Capacity up to 800 memory cells/pixel

Veto and trigger capability 

 Overwrite empty images ->  reduce data rate
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European XFEL Fast 2D Imagers
Adaptive Gain Integrating Pixel De-tector (AGIPD)

Energy Range
3 – 13 (25) keV

Dynamic Range
104 ph/px/pulse@12 keV

Single Photon Sens.
Yes

Memory ≈380 images
Pixel Size 200×200 μm2

Large Pixel Detector (LPD)
Energy Range

3 – 13 (25) keV
Dynamic Range

105 ph/px/pulse@12 keV
Single Photon Sens.

Yes
Memory ≈512 images
Pixel Size 500×500 μm2

DePFET Sensor with Signal Compres-sion (DSSC)

Energy Range
0.5 – 6 (25) keV

Dynamic Range
6000 ph/px/pulse@1 keV

Single Photon Sens.
Yes

Memory ≈800 images
Pixel Size 236×236 μm2

MiniSDD Sensor with Signal Compres-sion (DSSC)

Energy Range
0.5 – 6 (25) keV

Dynamic Range
≈100 ph/px/pulse@1 keV

Single Photon Sens.
No

Memory ≈800 images
Pixel Size 236×236 μm2
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The LPD Detector

LPD arrives beginning of July LPD take over July 11.
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LPD tests at FXE, 12-13.08
LaB6 calibration powder, ~140 mm to detector
LPD single shot image; per train 2 images filled, 30 are empty as should 
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1Schematic overview of the SPB/SFX Instrument

3-16 keV

Two mirror systems AGIPD 2D detection

Refocusing CRLs
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AGIPD detector arrives at Experimental Hall beginning of August
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AGIPD Detector at SPB/SFX
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First scattered FEL beam in AGIPD on September 1.
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Inauguration September 1  2017
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Inauguration September 1  2017

Hamburg shines for the European XFEL
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First users in structural biology – September 14 

Four Months from first lasing to user operation !
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First User Experiment finished : FXE September 18.
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Facility performance first 3 weeks of user run

User Block 1

User Block 2

User Block 3
 Vacuum Event

In T4D

Recording of SASE level

Availability:
84 %

Availability:
84 %

Availability:
92 %

Courtesy Winni Decking
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Facility performance last 3 weeks

User Block 4 (cancelled)

User Block 5 (cancelled)

X-ray mirror replacement
Low SASE level

Large orbit fluctuations
Experiment set-up

Recording of SASE level

Facility development

Courtesy Winni Decking
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First run:

Scheduled proposals 
from our webside
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Complexity of Experiments:

Optical laser
Excite sample systems

Sample delivery
Refresh & reposition 

samples

Detectors / DAQ
Take and store large number

of large data data sets 

Photon diagnostics
Measure 

x-ray pulse properties

X-ray optics
Shape x-ray pulse 

in space & spectrum

Data Analysis
Analyse immense amounts

of data
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SPB/SFX experiment #2012: Many thousands of frames of diffraction data 
was collected and successfully analysed to give a structure!

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!

Results from XFEL2012, initial refinement:

Rwork/Rfree: 0.168 / 0.193
Average BISO: 34.9
RMSD bonds (Å): 0.003
RMSD angles (°): 0.592
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30 bunches/train, 9.3 keV, ~800uJ/pulse, focused to ~20 um

FXE: Pump-probe Scattering on aqueous Fe SCO solutions (Experiment #2050)

Synchrotron, 100 ps delay, 8h collection time

Large Pixel Detector, 4.5 MHz framerate Scattering from 100 um jet, 5 trains summed

LPD XFEL, 15 min collection, 1st pulse of train
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The European XFEL - Science

Orange color: X-ray optics & Beam Transport

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
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Plans for 2018

SASE1:
Continuous improvement of understanding lasing performance
Enhance flexibility and stability

SASE2:
Commission electron beam path (February)
First lasing (May)
Commission photon systems (May-June)

SASE3:
First lasing (Feb)
Commission photon systems (distributed over year, influences SASE1 operation)

Courtesy Winni Decking
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Plans for 2018

Electron beam energy
Continue optimizing RF stations (parasitically, about 2 weeks/station)
Finish installation/repair of CS9 – ready by July
Commission CS9 and reach 17.5 GeV in July/August

Bunch number
27000 bunches/second in XTL by end of the year
6000 bunches/second in routine operation into north & south branch by end of the year
3000 bunches/second lasing in SASE1 by mid of the year

Courtesy Winni Decking
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The European XFEL - Science

Orange color: X-ray optics & Beam Transport

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
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Long term plan  (~ 2027 - 2032) . Second fan and c.w.
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Thank you for your attention

Thanks to all the XFEL staff for their
hard work and for their commitment.


