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Focal spot improvement

Marked improvement in focal properties following the successful
installation and first commissioning of the micron-scale focusing mirrors
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Highlights from SFX SPB

B Two (user) papers published in Nature Communications
B Two more accepted for publication (Optics Letters, Scientific Data)
B One more submitted
B At least three more in draft (probably more)
B Papers in draft from the other types of experiments too
B Still expecting ~1 papers per proposal from experiments done so far

B Demonstration that MHz serial crystallography can be realised—hence the European XFEL is open for
business for structural biology

B Up to 1760 pulses per second now in progress. Already had 5000 pulses per second in hutch.
B many challenges with parallel operation at SES3 may limit this (severely)
B AGIPD provides excellent quality data for serial crystallography (despite some challenges)

B Pump-probe and mixing experiments performed too

B Improved focal spot size
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 Two more accepted:
—e s VoSG | e Grunbein, et all Scientific Data, accepted

namre
COMMUNICATIONS e H. Kirkwood, Optics Letters, accepted
ARTICLE

Megahertz serial crystallography  More submitted and in progress

Max O. Wiedomn @ et al.*

The new European X-ray free electron laser is the first X-ray free-electron laser capable of
delivering X-ray pulses with a megahertz inter-pulse spacing more than four orders of
magnitude higher than previously possible. However, to date, it has been unclear whether it
would indeed be possible to measure high-quality structures at megahertz pulse repetition
rates. Here, we show that high-quality structures can indeed be obtained using currently
available operating conditions at the European XFEL. We present two complete data sets, one
from the well-known model system lysozyme and the other from a so far unknown complex
of a p-lactamase from K. pr involved in resistance. This result opens up
megahertz SFX as a tool for reliable structure determination, substrate screening and the

efficient measurement of the evolution and dynamics of molecular structures using mega-

hertz repetition rate pulses available at this new class of X-ray laser source.



Jets and detector working at MHz

t= 37ns

t= 37ns
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X-ray free-electron laser Marie Luise Grinbein,
Nature Communicationsvolume 9, Article number: 3487 (2018)




Parameter Lysozyme CTX-M-14
Photon energy (mean

value) 9300 eV 9150 eV

X-ray focus 15 um (FWHM) 15 um (FWHM)
Pulse energy at sample

(assuming 50% beamline 290 pJ 526 W
transmission)

Pulse length 50fs 50fs

No. of hits/indexed lattices 25,193/25,531 14,445/12,474
No. of unique reflections 12,387 (1171) 27,838 (2715)
Resolution range 21.99-1.76 (1.82-1.76) A 34.6-1.69 (1.75-1.69) A
Completeness 99.64% (97.25%) 99.89% (99.45%)
R spiit 0.106 (0.446) 0.197 (0.476)
I/a(l) 7.36 (2.62) 4.37 (2.30)

CCy/2 0.98 (0.79) 0.93 (0.63)

cc* 0.99 (0.94) 0.98 (0.88)
Wilson B-factor 26.18 A? 26.80 A2

R work 0.157 (0.211) 0.176 (0.27)

R Free 0.173 (0.218) 0.21 ((0.30)
Rmsd bonds/Rmsd angles 0.010 A/0.994° 0.008 A/1.22°

Megahertz serial crystallography Max O. Wiedorn,
Nature Communicationsvolume 9, Article number: 4025 (2018)




Bruce Doak

quantz cartridy Max-Planckinstiut 1 medizinische Forsehung
Heldeiberg, Germany
15042018

Current sample injector

e ASU model in regular use

e Doak, Shulz et al have designed a
new upgraded nozzle

A versatile liquid-jet setup for the European XFEL

J. Schulz, ). Bielecki, R. B. Doak, K. Dorner, R. Graceffa, R. L. Shoeman,
M. Sikorski, P. Thute, D. Westphal and A. P. Mancuso

J. Synchrotron Rad. (2019). 26, 339-345



Megahertz data collection from protein microcrystals at an
X-ray free-electron laser Marie Luise Grinbein,

Nature Communicationsvolume 9, Article number: 3487 (2018)



Status of the instrumentation

Status first
experiments

Run 2 status

Present status

Run 4 expected status

Focal spot size

~15-20 um CRL focus

~5-7um mirror focus

~3 um or better if lucky

< 3 um and few

hundred nm
Number of pulses per train/ [15/ 150 120 /1200 176 /1760 176 /1760 to
per second usable 352 /3520 (detector
firmware dependent)
Optical pump laser Yes Yes Yes Yes. Timing tool
available.
Suitability for single particle |Okay for first Better than expected [Expected to be “yes” — [Expected to be “yes” —

imaging experiments

experiments

experiments in May

experiments in May

Status of the controls

Minimal functionality,
poor reliability

Better reliability, still
minimal functionality

Better reliability, still
very limited functionality
(first scan tool tests
recently)

Hopefully better.
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Capabilities for next run

B Serial crystallography
B including pump-probe, mixing jets and more

B Single particle imaging
B Easier for larger particles, but perhaps possible down to samples 100 nm in size

B Timing tool for ultrafast experiments

B Perhaps TR-SAXS (first SAXS experiment was quite challenging)

B And more (see detailed feasibility studies for more info)

I AGIPD with 176 frames per train capable (full 352 not yet achieved due to firmware limitations)
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Planned developments

B SFX project in air/Helium part in track for commissioning with beam in April
B Includes Jungfrau detector (initially 1.5 Mpx, later 4 Mpx)
B Uses Roadrunner Il (in air) for delivery of fixed targets (chips) or liquid jets
B User operation from first part of 2020 planned

B SFX in vacuum to be delivered later

B [nitially planned for end 2019 / start 2020 — depends on a variety of deliverables from
outside SPB/SFX group

B Will support liquid jet and fixed target samples with AGIPD 4 Mpx detector




Downstream more ambitious

Sample delivery
Detector
Dedicated for MX only
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Road runner for SFX




Jungfrau April

target
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Conclusions

Successful experiments at SPB/SFX and shown that the MHz rate can be
exploited.

Currently plan 176 pulses per train (1760 per second), fastest in world

The SFX in air/Helium setup utilising Roadrunner and Jungfrau for
commissioning with beam in April this year. Users from 2020.

SFX in vacuum further away, the AGIPD 4 Mpx detector will be the
centrepiece of this interaction region.
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My thoughts for the future?

e XFEL cannot be expensive way to do what we do now

e |ts true application will be in the time domain, tomography and single
particle will be the major structural tools

* The problem is this will need synchronized pump probe compatible
reactions

 There are a number of electron processes in proteins that are very
amenable to this

 However this is a subset and this gold rush will deplete such ready to
publish systems



XFEL needs to focus on sample preparation
and delivery

e Conventional chemical approaches focus on ligand, one off and
intensive

* Not enough good experiments in the future without some new
technology

* |Is mixing the answer?
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Mixing Region:
Chemical in outer
stream diffuses into
focused crystal flow and
soaks into crystals.

Delay Region:
Reaction commences
and proceeds for time
set by flow speed
(shortest delay <1 ms)

Free Jet:

Protein crystals probed
by x-rays at set delay
times to time-resolve
reaction
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