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European XFEL - built 
at scientific superhub

DESY - German synchrotron center (budget  blns €/year)

50 years of photonics science

Petra III synchrotron (Petra IV in planning)

running breakthrough superconducting linac for XFEL

running electron injector for E-XFEL

University Hamburg & UH Hospital

EMBL , CFEL, CSSB, …

scientific spinoffs & strong industrial ties

strong political support at federal & local level



European XFEL

flagship of ESFRI infrastructure

Build for 1.25 bln € (in 2005 levels)

free electron laser - X-ray 

supra-conductive linac technology 

ultrafast repetition rate

first of its kind



shareholders

The European XFEL is organized as a non-
profit company with limited liability under 
German law (GmbH)

New shareholders - 

Great Britain (signed 2018 - before Brexit)

China, Czech Republic, - in talks





European XFEL pulse train 



European XFEL - 
scientific superhub

structural biology breakthroughts

movies of chemical reactions

extreme states of matter - early stages of 
universe (ultrahot ultradense plasma)

material research (electronics, spintronics, 
smart materials)

pushing a technological envelope (IT…)



European XFEL - 
scientific superhub
record setting but not alone

competition:

LCLS Stanford - USA

LCLS II

SACLA  - Japan

Poang XFEL - South Korea

PSI SwissFEL - Switzerland 

Shanghai XFEL 



SASE principle  
4th gen X-ray



why slovak 
participation?

strategic interest of Slovakia to join selected 
ESFRI - because:

way to join scientific superhubs

too expensive for small countries (even for 
big ones)

fostering ERA (European Research Area)

raising competitiveness of EU



in what form?

1.1% shareholder (13+M€)

SFX consortium (serial femtosecond 
crystallography and single particle imaging)

XBI consortium (Biological laboratories for 
XFEL)



E-XFEL aerial view



officially operational since 1 sept 2017





xfel user meeting 2018





European XFEL XHQ



SPB/SFX at E-XFEL





and XBI Biological lab above it









lab disposition



FXE experiment



what we personally 
do?

sample delivery

image processing

fast imaging

sample preparation

DNA architecture



sample delivery

27 kHz sampling rate (4.5 MHz with gaps)

liquid jet/aerosol  ~400m/s

not yet achieved (but major potential 
advantage)



Rita Graceffa, Sample environment 
group of Joachim Schulz on official PR 

photo of E-XFEL 



schematics of diffract-before-destroy experiment
(SFX/SPB type)



digital microfluidic part not attached yet…



ESRF Grenoble December 2017
Rita, Laco, Jožo, Marie-Christina





sample jet

H. Chapman (private communication)

for narrow liquid jet (70 m/s) sample rate 
est. up to 1.1 MHz

still: 4.5 MHz out of reach

rare samples: how to get hit rate > 10%?

very difficult to prepare, 1:9 work cycle



Juro Kroška
3D printed

microfluidic mixer



imaging - structured 
illumination scheme



real world quality of E-XFEL beam
hologram



SPB experiment at XFEL - diffract before destroy limits 





imaging experiments:
our CDI experiment at ID10 at ESRF







European XFEL & 
Slovakia

• European XFEL - most brilliant coherent X-ray source driven by 
superconducting LINAC (build & maintained by DESY)

• Slovakia is regular shareholder of E-XFEL (1%+ share), covered from 
Slovak ESFRI budget

• Slovak application focus - mainly in structural dynamics studies of 
biomedical interest (proteins and bio particles including cells) - SFX 
and XBI user consortia at E-XFEL, SPB experimental workstation 

• material research (MID) in future

• opportunities for next generation of Slovak scientists to join world-
class research groups

• (semi)regular SFEL schools (80+ people) coorganised with E-XFEL


