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# DESY - German synchrotron center (budget blns €/year)
%50 years of photonics science

% Petra I1I 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



#ftlagship of ESFRI infrastructure

% Build for 1.25 bln € (1n 2005 levels)
% free electron laser - X-ray
supra-conductive linac technology
¢ ultrafast repetition rate

s first of 1ts kind
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% The European XFEL 1s organized as a non-

profit company with limited hability under
German law (GmbH)

s New shareholders -
% Great Britain (signed 2018 - before Brexit)

% China, Czech Republic, - 1n talks



Present (bold) or likely future shareholder of the European XFEL GmbH Country

DASTI (Danish Agency for Science, Technology and Innovation) —t— Denmark
CEA (Commissariat a I'énergie atomique et aux énergies alternatives) I I France
CNRS (Centre national de la recherche scientifique)
DESY (Deutsches Elektronen-Synchrotron) _— Germany
NRDI Office (National Research, Development and Innovation Office) _— Hungary
INFN (Istituto Nazionale di Fisica Nucleare) I I Italy
CNR (Consiglio Nazionale delle Ricerche)
NCBJ (National Centre for Nuclear Research) — Poland
NRC KI (National Research Centre "Kurchatov Institute”) fr— Russia
Slovak Republic, represented by the Ministry of Education vam Slovakia
Kingdom of Spain, represented by Ministerio de Economia y Competitividad - Spain

. . [ ] ]
VR (Swedish Research Council) g Sweden
Swiss Confederation, represented by Staatsektretariat fir Bildung und n Switzerland
Forschung
Science and Technology Facilities Council United

Kingdom



European XFEL pulse train
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s structural biology breakthroughts

2¢movies of chemical reactions

smart materials)

% pushing a technological envelope (IT...)



EUROPEAN XFEL -
SCIENTIFIC SUPERHUB

“¢record setting but not alone
“¥ competition:
s LCLS Stanford - USA
2 LCLS 11
#SACLA - Japan
% Poang XFEL - South Korea
% PSI SwissFEL - Switzerland

% Shanghai XFEL
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to electron

dump
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accelerator



% strategic interest of Slovakia to join selected

ESFRI - because:
‘¢ way to join scientific superhubs

“*too expensive for small countries (even for

big ones)
% tostering ERA (European Research Area)

¢ raising competitiveness of EU
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E-XFEL aenal view
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European XFEL XHQ
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SPB/SFX sample lift into
the preparation laboratory
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Lift to

laboratories
and offices

Staircases to laboratories

and offices Lift to

|aboratories



and XBI Biological lab above it
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LAB DISPOSITION

Open preparation laboratory area _
= Cell cultures

= Purification €

~ = Crystallization 2 2

- = Quality control 2 E
» Test of sample injection s

= Space for data analysis I

Al | SPB/SFX | g 2
. e o O =
Centrifuges | preparation | i g




FXE EXPERIMENT




sample delivery
“1mage processing

‘¢ fast iImaging

‘¢ sample preparation

2 DNA architecture
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Rita Gracefta, 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...



e ﬁs‘f:oé ¥ <1 ML
ESRF Grenoble December 2017
Rita, LLaco, Jozo, Marie-Christina







% H. Chapman (private communication)

% tor narrow liquid jet (70 m/s) sample rate

est. up to 1.1 MHz
sestill: 4.5 MHz out of reach

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






Undullator

W’rr[r Compound imaging plane
fractive |
|T|‘T‘|T. - refractive lenses

Horizontal
offset mirrors

Diamond hexagonal ‘,
phase grating




real world quality of E-XFEL beam

hologram




SPB experiment at XFEL - diffract before destro

Typical samples from
biclogical sciences

Photon energy
Sample size
Images per dataset

Dimensionality of
reconstruction

Single photon
sensitivity

Dominant signal levels
iIn one measured
pattern/pixel

Sampling / number of
pixels

Sensitivity to missing
data regions

Reproducible
single particles
(SPR)

Macromclecules,
viruses

ca. 3 6 keV
ca. 10 nm —-500 nm

On the order of 100 000
— 1 000 000 and more

3
Critical

0-10 photons

Detector linear extent
(pixels) ¥ 4 x number
of resolution elements
required (allows for
adequate sampling

of speckles); higher
sampling favored

Sensitive, low-q
information critical,
many images benefitial

Nano-
cr&stallography
(NX)

Protein nanocrystals

ca. 8 16 keV
ca. 100 nm—-2 um
On the order of 10 000

3

No

ca. 102-10* photons
and more

Detector linear extent
(pixels) & 10 x
number of resolution
elements required
(i.,e. ~ 10 pixels
between Bragg peaks)

Not sensitive, low-q
information not needed

limits
Non-repraducible

single particles
(SPNR)

Viruses, organelles,
bacteria, small
eukaryotes

ca. 3 6 keV
ca. 100 nm =3 um
i

Beneficial, but not critical

0-108 photons and more

Detector linear extent
(pixels) = 4 x number
of resolution elements
required (allows for
adequate sampling of
speckles)

Very sensitive, can
prohibit unique
reconstruction
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so far - 27 nm imaging
prospect 5-6 nm
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_SCHOOL OF
AND;SﬁNCHROTRO RADIATION EEE—&S s
"SFEL2018"

SCHOOL OF XFEL AND SYNCHROTRON RADIATION USERS "SFEL2018"

Sth Intamational Scientfic School, May 27th — 3131 2018, Hatel SOREA MAJ - Liptovaky Jén, Slovakia

ABOUT ORGANIZERS PROGRAMME PARTICIPANTS PUBLIC RELATIONS LOCATION

ABOUT THE ,,SFEL201 8"

Favol Jozel 3alaric Universily in KoSice under Lhe auspices of Ministy ucation, Science. Research and Sparl ¢f the Slovak Repuuic and Evicgsan X-Ray Free-Blectron Laser Facilily SGmEH in




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) - SEX
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



