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Grazing-incidence X-ray experiments using FELs
Start time: 09.00h | European XFEL | XHQ building, room E1.173

Seminar: Plasma Undulator and Plasma Wakefield Acceleration with
Externally Injected and Self-injected e-Beams
Start time: 14:00h, Location: DESY, Seminar room 4a/b, Bldg. 1b, 2.floor

Status and research high-lights of the ECB (P02.2) at PETRA Il
Start time: 13.00h | FLASH Seminar room, Bldg. 28¢c

Momentum microscopy at PETRA and FLASH
Start time: 12.30h | CSSB auditorium, Bldg. 15

Molecular Water Science
Start time: 9:00h | European XFEL | XHQ building, room E1.173

Eurizon 2020+ workshop on FEL linac driver and FEL physics
applications
Start time: 09:00h | European XFEL | XHO building, Think Tank room

Status of the HED instrument and the HIBEF contributions as well as
scientific highlights
Start time: 13:00h | European XFEL | XHO building, Lounge

Community proposals using seeded operation at FLASH
Start time: 09:00h | Seminar room CFEL I-Ill, Bldg. 99

Opportunities for ultrafast electron diffraction (UED) experiments at DESY's
REGAE facility
Start time: 13:00h | FLASH Seminar room, Bldg. 28¢

News from Computing for Photon Science
Start time: 13:00h | CSSB auditorium, Bldg. 15

In situ energy-dispersive XRD and imaging on materials in the Large Volume
Press at P61B
Start time: 13:00h | Seminar room BAH 1+2, Bldg. 3

High Energy X-ray Diffraction for Physics and Chemistry
Start time: 09:00h | CSSB auditorium, Bldg. 15

SAXS/ WAXS/ GISAXS @ DESY
Start time: 10:00h | DESY Auditorium, Bldg. 5



14th Workshop on X-Ray Nano-Imag-ing of Biological and Chemical Systems at
PETRA Il
Start time: 13:30h | FLASH Seminar room, Bldg. 28¢

ROCK-IT Outreach Meeting & Workshop
Start time: 13:00h | DESY, Seminar room 4a/b, Bldg. 1b, 2.floor

Analytics for Battery Technologies & Recycling
Start time: 14:00h | DESY, Seminar room CFEL II-lll, Bldg. 99

The Swedish Materials Science beamline at PETRA il
Start time: 12:00h | DESY, Seminar room 109, Bldg. 25b

XAFS at P64/65 and perspectives for future PETRA lll and IV beamlines
Start time: 09:00h | FLASH Seminar room, Bldg. 28c¢

Introduction to PYDIDAS: A new tool for automated diffraction data analysis
Start time: 09:30h | Seminar room CFEL I-Ill, Bldg. 99

Helmholtz-Zentrum Hereon GEMS Outstation: Materials Research and High
Resolution Imagin
Start time: 12:50h | Seminar room CFEL I-lll, Bldg. 99

Data management, analysis, and reduction at European XFEL
Start time: 09:00h via Zoom



General Information

Main sessions and poster sessions
All these sessions will take place in the dome “Kuppel Hamburg”.

The “Kuppel Hamburg” is located on the “Trabrennbahn Bahrenfeld”, outside of the DESY campus
opposite the side gate. Address: Luruper Chaussee 30, 22761 Hamburg (see map).

Vendor exhibition
The vendor exhibition will take place in the “Kuppel Hamburg” on Wednesday (25 Jan.) and Thursday
(26 Jan.) 14:00-20:00

Satellite meetings and workshops
All satellite meetings and workshops will take place in seminar rooms on the DESY or European XFEL
campus as indicated in this programme.

Get together (at the “Kuppel Hamburg”)
European XFEL Users’ Meeting - Wednesday, 24 January, starting 19:30
DESY Photon Science Users’ Meeting - Thursday, 25 January, starting 19:30

Free WLAN (eduroam, Science-Hotspot etc.) is available on the DESY or European XFEL campus,
but not in the “Kuppel Hamburg”!

Organisers

K. Baranasi¢ (European XFEL), S. Bertini (European XFEL), G. Heelel (European XFEL),

T. Kobaidze (European XFEL), M. Kreuzeder (DESY), K. Kucza (DESY), W. Laasch (DESY),
F. Lehmkihler (DESY), S. Pascarelli (European XFEL), G. Quondam (European XFEL),

A. Rodriguez-Fernandez (European XFEL), A. Rothkirch (DESY), D. Unger (DESY)

Local Information

Meals

Breakfast

If you stay at the DESY guest house you may have breakfast in the DESY canteen (opens at 07:00,
Bldg. 9) or CFEL Cafeteria (opens at 8:00, Bldg. 99) at your own expenses. If you stay at the
European XFEL Guest House you may have breakfast at BeamStop restaurant (07:00-10:00) at your
own expenses.

Lunch

Please note that due to the refurbishment of the DESY canteen, lunch will be available in the “Kuppel
Hamburg” on Wednesday and Thursday during the lunch breaks of the main sessions. The service in
the DESY canteen is organised slightly differently and partly in a tent in front of the canteen.

However, you may also have lunch or snacks n the DESY canteen (Bldg. 9; 11.00 to 14.00) or CFEL
Cafeteria (Bldg. 99; 8:00-15:00) at your own expenses. Please try to avoid the queues during the main
opening hours. At the European XFEL campus in BeamStop restaurant lunch service is available from
11:30-14:00, coffee service is available from 07:00-15:00, at your own expenses.

Public Transportation

Bus (HVV): Bus stops near the “Kuppel Hamburg” and the side entrance: ‘Luruper Chaussee (DESY)
or the main entrance: “Trabrennbahn Bahrenfeld”. (Exclusively Cashless payment in buses since 2024, but
only via HVV app, prepaid HVV card or pre-purchased ticket). Further information: www.hvv.de

Bike rental (StadtRAD Hamburg): Two city bike stations are on the DESY campus where bikes can be
returned. Further information: stadtrad.hamburg.de


http://www.hvv.de/
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| Main sessions
Abstracts of the talks



Ultrafast X-ray spectroscopy of photochemical bond activation reactions

Raphael M. Jay'
1Uppsala University, Department of Physics and Astronomy, Uppsala, Sweden

E-mail: raphael.jay@physics.uu.se

4d and 5d metal carbonyls are widely recognized for their photochemical C-H bond activation
capabilities. UV excitation of these complexes leads to CO dissociation and the formation of a
reactive metal center, which rapidly binds alkane C-H groups from solution and ultimately
breaks the C-H bond [1]. The reactivity of 3d metal carbonyls following photoinduced CO
dissociation, however, is often hampered by the formation of triplet species, which instead are
reactive towards Si-H bond activation [2]. We have used ultrafast X-ray absorption
spectroscopy and resonant inelastic X-ray scattering at the transition metal L-edge to access
and evaluate the valence electronic structure locally at the reactive metal center [3,4]. We
follow the photochemical bond activation pathway of a Rhodium and a Cobalt carbonyl
complex all the way from the initial femtosecond excited-state and dissociation dynamics to
pico-to-nanosecond bond activation. We find previously undetected transient reaction
intermediates and characterize how their electronic structure dictates their varying reactivity
and catalytic function on ultrafast timescales. We experimentally access, to the best of our
knowledge for the first time, the essential charge-transfer orbital interactions, which make
metal carbonyls reactive and which determine how they bind and break incoming C-H or Si-H
bonds.

References
[1] R. G. Bergmann, C-H activation, Nature 446, 391-393 (2007)

[2] P. T. Snee et al., Triplet Organometallic Reactivity under Ambient Conditions: An Ultrafast UV
Pump/IR Probe Study, Journal of the American Chemical Society 123, 2255-2264, (2001)

[3] R. M. Jay et al., Tracking C—H activation with orbital resolution, Science 380, 955-960, (2023)

[4] A. Banerjee et al., Accessing Metal-Specific Orbital Interactions in C-H Activation with Resonant
Inelastic X-ray Scattering, Chemical Science, (2024), https://doi.org/10.1039/D3SC04388F
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Non-equilibrium shape variations amongst millions of nanoparticles

Zhou SHEN"'2, Ne-te Duane Loh'34"
I National University of Singapore, Department of Physics, Singapore.
2 Max Planck Institute for the Structure and Dynamics of Matter, 22761 Hamburg, Germany.
3 National University of Singapore, Department of Biological Sciences, Singapore.
4 Centre for Bio-imaging Sciences, National University of Singapore, Singapore.

E-mail*: duaneloh@nus.edu.sg

Nanoparticles, exhibiting functionally relevant structural heterogeneity, are at the forefront of
cutting-edge research. High-throughput single-particle imaging (SPI) with x-ray free-electron
lasers (XFELSs) creates unprecedented opportunities for recovering the shape distributions of
millions of particles that exhibit functionally relevant structural heterogeneity. To realize this
potential, three challenges have to be overcome: (1) simultaneous parametrization of structural
variability in real and reciprocal spaces; (2) efficiently inferring the latent parameters of each
SPI measurement; (3) scaling up comparisons between 10° structural models and 108 XFEL-
SPI measurements.

Here, we describe how we overcame these three challenges to resolve the non-equilibrium
shape distributions within millions of gold nanoparticles imaged at the European XFEL.

These shape distributions allowed us to quantify the degree of asymmetry in these particles,
discover a relatively stable shape envelope amongst nanoparticles, discern finite-size effects
related to shape-controlling surfactants, and extrapolate nanoparticles’ shapes to their
idealized thermodynamic limit.

Ultimately, these demonstrations show that XFEL SPI can help transform nanoparticle shape
characterization from anecdotally interesting to statistically meaningful.



Experimental Foundations for Exploring Crystallographic ‘Dark Matter’

J. Nathan Hohman
! University of Connecticut, Department of Chemistry, Storrs CT, USA

E-mail: james.hohman@uconn.edu

Single crystal X-ray diffraction provides structural models for a growing number
of new materials each year. However, solved structures are biased towards those that
are easily crystallized. Hybrid materials, those compounds that contain both inorganic
and organic components, often yield crystals too small or otherwise pathological to be
used for traditional characterization techniques. These are the “dark” materials that are
either too difficult or too time-consuming to characterize, and they make up a large
portion of hypothetical hybrid materials. We have applied a technique of small-
molecule serial femtosecond chemical crystallography (smSFX) that uses the high
brightness of an X-ray free-electron laser to acquire diffraction from crystals in the 1-5
micron range.[1-3] Graph theory is used to index those snapshots, enabling the
determination of crystal structure by solving the instantaneous rotational matrix of the
crystals in the path of the XFEL beam. We used this technique to explore the ligand
environment with variables of steric hindrance, functional group, and intermolecular
forces, each addressed by selecting different ligand shapes and configurations. We
find dramatic differences in the connectivity, topology, and dimensionality of the
resulting silver organothiolates. Of note is the nature of the Ag-Ag interactions, which
appear to be an important component of the fine structure of the silver systems. The
Ag-Ag networks are found to rearrange as a function of the supramolecular ordering of
each example system. Examples of solved XFEL structures will be presented and the
outlook for smSFX as a crystallography technique will be considered.

References

[1] Aleksich, M.; Paley, D. W.; Schriber, E. A.; Linthicum, W.; Oklejas, V.; Mittan-Moreau, D. W.; Kelly, R. P.;
Kotei, P. A.; Ghodsi, A.; Sierra, R. G.; Aquila, A.; Poitevin, F.; Blaschke, J. P.; Vakili, M.; Milne, C. J;
Dall’Antonia, F.; Khakhulin, D.; Ardana-Lamas, F.; Lima, F.; Valerio, J.; Han, H.; Gallo, T.; Yousef, H.; Turkot,
O.; Bermudez Macias, I. J.; Kluyver, T.; Schmidt, P.; Gelisio, L.; Round, A. R.; Jiang, Y.; Vinci, D.; Uemura, Y.;
Kloos, M.; Hunter, M.; Mancuso, A. P.; Huey, B. D.; Parent, L. R.; Sauter, N. K.; Brewster, A. S.; Hohman, J.
N., Xfel Microcrystallography of Self-Assembling Silver N-Alkanethiolates. J. Am. Chem. Soc. 2023, 145, 17042-
17055. 10.1021/jacs.3c02183

[2] Schriber, E. A.; Paley, D. W.; Bolotovsky, R.; Rosenberg, D. J.; Sierra, R. G.; Aquila, A.; Mendez, D.; Poitevin,
F.; Blaschke, J. P.; Bhowmick, A.; Kelly, R. P.; Hunter, M.; Hayes, B.; Popple, D. C.; Yeung, M.; Pareja-Rivera,
C.; Lisova, S.; Tono, K.; Sugahara, M.; Owada, S.; Kuykendall, T.; Yao, K.; Schuck, P. J.; Solis-lbarra, D.;
Sauter, N. K.; Brewster, A. S.; Hohman, J. N., Chemical Crystallography by Serial Femtosecond X-Ray Diffraction.
Nature 2022, 601, 360-365. 10.1038/s41586-021-04218-3

[3] Kotei, P. A.; Paley, D. W.; Oklejas, V.; Mittan-Moreau, D. W.; Schriber, E. A.; Aleksich, M.; Willson, M. C;
Inoue, I.; Owada, S.; Tono, K.; Sugahara, M.; Inaba-Ilnoue, S.; Aquila, A.; Poitevin, F.; Blaschke, J. P.; Lisova,
S.; Hunter, M. S.; Sierra, R. G.; Gascon, J. A.; Sauter, N. K.; Brewster, A. S.; Hohman, J. N., Engineering
Supramolecular Hybrid Architectures with Directional Organofluorine Bonds. Small Science n/a, 2300110.
https://doi.org/10.1002/smsc.202300110
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Low-Z Mixtures at Planetary Interior Conditions

A. Ravasio', D. Kraus? et al.

I Laboratoire LULI, LULI, CNRS, CEA, Ecole Polytechnique, UPMC, Univ Paris 06: Sorbonne Universites,
Institut Polytechnique de Paris, Palaiseau, F-91128, France.

2 Institut fiir Physik, Universitit Rostock, Albert-Einstein-Str. 23-24, 18059 Rostock, Germany.
E-mail: alessandra.ravasio@polytechnique.edu

Mixtures of water, ammonia and methane are predicted to be the major components of the
depths of the ice giant planets Uranus (U) and Neptune (N). The complex chemical properties
that these light mixtures exhibit at high pressures (few Mbar) and temperatures (few 1000 K)
crucially shape the internal structure and evolution of this class of planets and they are at the
base of unresolved fundamental issues [1,2].

The physical and chemical behavior of such systems at the extreme pressures and
temperatures of planetary interiors is also extremely interesting on its own, since those
conditions are characterized by a coexistence of dissociated atoms, atomic clusters, chains
and superionic lattices. In spite of its great appeal, exploring these phenomena is a real
challenge for both ab initio calculations and experiments so that dedicated studies remain very
limited.

Here we present our recent work combining results from experiment at various facilities
(LULI, LCLS LL58 collaboration and EuXFEL 4463 collaboration) and ab initio simulations to
investigate C-H-N-O mixtures under strong dynamic compression. In particular we will focus
on the formation of so-called superionic structures, i.e., protonic conductors [3], which may
help to explain the peculiar magnetic fields observed for U/N and on the diamond formation
from strongly compressed C-H-N-O samples.

References

[1] R. Helled et al., Astrophysical Journal Letters 805, L11 (2015).
[2] M. Bethkenhagen et al., Astrophysical Journal 848, 67 (2017).
[3] C. Cavazzoni et al., Science 283, 44-46 (1999)



Imaging soft X-ray spectroscopy at SQS: a side view on non-linear processes

J.-E. Rubensson
Uppsala University, Department of Physics and Astronomy, Uppsala, Sweden

E-mail: jan-erik.rubensson@physics.uu.se

A novel spectrometer (Fig.1), installed at the SQS instrument as a Swedish in-kind
contribution to European XFEL, measures soft X-ray emission spectra (XES) spatially
resolved along the path of the incident radiation.

Fig. 1. Principle of the 1D imaging spectrometer. The energy
dispersion is accomplished using a cylindrical grating in Rowland
geometry in the vertical direction, and a Wolter mirror pair images
the interaction region on the detector with ten times magnification
in the horizontal plane.

The spatial resolution is used to investigate the non-linear interaction between X-rays and
matter, e.g., the evolution of X-ray lasing, pulse propagation in media, and plasma dynamics.
In the future it will enable pump-probe experiments with jitter-free consecutive delays in
combination with an optical laser.

Some first results will be presented and discussed, including:

o State-resolved X-ray emission from single and double core holes of all charge states
of Ne. Population pathways comprising resonances and intriguing threshold behavior
are captured via the dependence of the spectra on incident photon energy, pulse
energy and target density.

e Post-pulse excitations involving long-lived core holes in He-like Ne, monitored with
time-resolved XES and imaging of the propagation at various target densities

¢ Unusual resonant behavior of resonant inelastic scattering with SASE pulses.

¢ Non-linear dissociation dynamics and propagation effects in Oz, observed via XES
imaging in few-fs X-ray pump-X-ray probe experiments.

The experimental results emerge from beamtimes based on two community proposals in a

collaboration involving twenty-one research institutions. The data are analyzed in terms of
state-of-the-art theory.


mailto:jan-erik.rubensson@physics.uu.se

Imaging via photon-photon correlation of X-ray fluorescence

Fabian Trost'
I European XFEL GmbH, Schenefeld, Germany

E-mail: fabian.trost@xfel.eu

In "coherent diffraction imaging" (CDI) methods, fluorescence is seen as a disturbing
background due to its incoherent nature. However, when utilizing XFEL excitation pulses that
are comparable short to the coherence time of the fluorescence photon-photon correlation
can be used to retrieve the density distribution of the fluorescence emitters. This method of
imaging via photon-photon correlation of X-ray fluorescence is also known as "incoherent
diffraction imaging" (IDI) and corresponds to the "intensity interferometry”, known from
astronomy.

Contrary to coherent imaging methods, in IDI higher detected numbers of photon counts do
not always correspond to a larger signal-to-noise ratio (SNR). As one consequence, for
example, crystallography is not a reasonable method for IDI, since the SNR will drop with
each additional unit cell. It can be generalized that more complex emitter distributions are
harder to image via IDI than simpler ones. [1]

An experiment was successfully be performed at MID/EuXFEL, using a simple, yet non-trivial
distribution of fluorescing copper atoms to demonstrate the feasibility of IDI. Finally, we will
discuss on how IDI can be utilized for focus characterization or pulse-length determination at
XFELs. [2]

References

[1] Fabian Trost, Kartik Ayyer, Henry N Chapman -- Photon statistics and signal to noise ratio for
incoherent diffraction imaging -- New J. Phys. 22 083070 (2020)

[2] Fabian Trost et al. -- Imaging via Correlation of X-Ray Fluorescence Photons -- Phys. Rev. Lett. 130,
173201 (2023)



Probing molecular dynamics of uracil by time-resolved X-ray photoelectron
spectroscopy

O.Plekan'

1Elettra Sincrotrone Trieste, Area Science Park, 34149 Basovizza, Trieste, Italy
E-mail: oksana.plekan@elettra.eu

Despite the fact that the photodynamics of DNA/RNA bases has been explored extensively by
various spectroscopic techniques, time-resolved studies where a UV-pulse (or pump) is used
for promoting the system to a valence electronically excited state, and an X-ray pulse (probe)
is used for further excitation or ionization a core electron are still rare.

In the present work, time-resolved X-ray photoemission spectroscopy (TR-XPS) at the
C, N, and O K-edges was applied in order to obtain detailed information about photoinduced
dynamics of the isolated nucleobase uracil. The key advantages of TR-PES with X-rays arise
from the highly localized nature of core electrons which makes them particularly sensitive to
their specific chemical environment [1-3].

Through TR-XPS, the distinct femtosecond to picosecond timescales associated with
the internal conversion between higher (117*) and lower (n1T*) singlet exited states, as well as
intersystem crossing to the triplet manifold of uracil, have been observed.

References

[1] F. Brausse et al. Real-time interfacial electron dynamics revealed through temporal correlations in
x-ray photoelectron spectroscopy. Struct. Dyn. 8, 044301 (2021).

[2] M. L Vidal et al. Correction: Dyson orbitals within the fc-CVS-EOM-CCSD framework: theory and
application to X-ray photoelectron spectroscopy of ground and excited states. Phys. Chem. Chem.
Phys. 22, 3744 (2020).

[3] D. Mayer et al. Following excited-state chemical shifts in molecular ultrafast x-ray photoelectron
spectroscopy. Nature communications 13, 198 (2022).



Photo-excited dynamics of an electron-doped cuprate via tr-RIXS

Wei-Sheng Lee

SLAC National Accelerator Lab., Stanford Institute for Materials and Energy Sciences, Menlo Park, USA

Investigating the ultrafast dynamics in photo-excited quantum materials is a topic of strong
interest in materials science research. To date, available time-resolved probes have revealed
information about the lattice, symmetry, and electronic band structure. However, the information
about the collective excitations in energy-momentum space, such as magnons and plasmons, are
largely unavailable due to the lack of a suitable method. The advent of high repetition rate x-ray free-
electron lasers enables time-resolved resonant inelastic scattering (RIXS) experiments, which
accesses elementary excitations associated with the magnetic, charge, orbital, and lattice degrees of
freedom, thus providing the previously missing pieces of information. In this presentation, | will
present our tr-RIXS measurement on the electron-doped cuprates Nd,.xCexCuOs. A photoexcitation-
induced, change of the paramagnon, plasmon, and orbital excitations spectrum were observed. The
momentum and time dependence will be discussed.



Fifty Shades of Silver: femtosecond snapshots of plasmonic
nanoparticles and their ultrafast melting

Alessandro Colombo

ETH Zdrich

Imaging nanomatter in strongly out-of-equilibrium states is extremely
challenging. On the one hand, high spatial resolution is required to
observe details at the nanoscale. On the other hand, its unstable nature
carries to fast phenomena, which require high temporal resolution to be
captured. XUV and X-ray Free Electron Lasers (FELSs) are a unique tool for
probing matter in such conditions, thanks to the short wavelength of the
delivered coherent radiation and the large amount of photons produced,
condensed in pulses of femtosecond time duration. We present
experimental results obtained at FLASH on silver clusters of around 100
nm size. First, their structure is determined from the light scattered up to
large scattering angles with a novel imaging technique, which allows the
full three-dimensional reconstruction of their spatial distribution from a
single diffraction pattern. Imaging results reveal symmetric morphologies
as well as architectures with structural defects, which give insights into
their formation process. This structural analysis prepares the ground for
the following investigation of the dynamics of the silver cluster in
superheated conditions. The silver nanoparticles are efficiently heated
via a 400 nm laser, resonant with their Mie plasmon frequency, reaching
temperatures of thousands of kelvin in few picoseconds. Their spatial
evolution over time is investigated by recording diffraction images of the
FEL light at different delays from the 400 nm laser. The two-dimensional
projection of the samples density is then retrieved following the
Coherent Diffraction Imaging scheme. These ultrafast snapshots of the
melting silver clusters unveil a plethora of phenomena, which span from
the slow melting in hundreds of picoseconds to violent explosions in few
tens of picoseconds. Comparisons with molecular dynamics simulations
allow the investigation of thermodynamic properties of silver in regions
of its phase diagram hardly accessible so far. The outcome of this
pioneering experiment stimulated a second, more recent, investigation
at higher spatial resolution, by employing commercially-produced silver
nanocubes of 90 nm size. Preliminary analysis, aided by Machine
Learning, confirms the observed phenomena and unveils high-resolution
details on the role of the sample's symmetries in the ultrafast melting
dynamics.



Pump-probe laser concept for FLASH based on spectral

broadening of high-power ytterbium picosecond systems

Anne-Liese Viotti

Lund University

Many user experiments at the FLASH free electron laser (FEL) are
pump-probe experiments that combine the extreme UV or soft x-ray
light from the FEL together with ultrashort pulses from optical lasers.
Thus, developing sources that provide extended wavelength
tunability, shorter pulses and reduced arrival time jitter can increase
the scientific opportunities and time resolution for x-ray FEL-optical
laser pump-probe experiments. The laser development at FLASH
progressively transitions from TI:Sapphire systems and optical
parametric chirped pulse amplification towards high-power, high
repetition rates Yb:YAG lasers to match the (up to) MHz intra-burst
repetition rate of the soft x-ray source. The high-power Yb:YAG lasers
can be used with nonlinear pulse compression stages enabled by the
multi-pass cell spectral broadening technique to reach short pulse
durations.

In this talk, we present preliminary studies for a novel pump-probe
laser concept at FLASH, based on the post-compression of high-power
Yb:YAG amplifiers. Flexible reduction of the pulse duration is
facilitated by spectral broadening in pressure-tunable multi-pass cells.
As an application, we show the pumping of an optical parametric
amplifier with 150 fs post-compressed pulses. By means of an
additional difference frequency generation stage, tunable spectral
coverage from 1.3 to 16 pmis reached with multi-pJ, sub-150 fs pulses.
We also report on pulse compression to 8.2 fs duration with a double-
stage multi-pass cell spectral broadening unit. Finally, we mention the
current characteristics of the multi-pass cell-based pump-probe laser
at the FLASH plane-grating beamlines.

Acknowledgments:

FS-LA — DESY: M. Seidel, S. Alisauskas, A. Tajalli, O. Akcaalan, J. Darvill, N. Ekanayake, U. Grosse-
Wortmann, C. Li, C. Mohr, F. Pressacco, N. Schirmel, A. Swiderski, H. Tavakol, H. Tinnermann, C.
Vidoli, L. Winkelmann, C. M. Heyl, B. Manschwetus, H. Cankaya, I. Hartl



Time-resolved X-ray Photoelectron Spectroscopy: Ultrafast

Dynamics in CS2 Probed at the S 2p Edge
lan Gabalski

SLAC, Stanford University

Time-resolved photoelectron spectroscopy has played a pivotal role in
the elucidation of ultrafast non-adiabatic dynamics in molecules. While
this technique yields information about the evolving electron binding
energies, photoionization cross-sections, and photoelectron angular
distributions that accompany chemical rearrangement, the application of
the method has historically been limited by available ultraviolet
wavelengths to studies of the delocalized valence shells. Recent
developments in X-ray free-electron lasers have enabled a novel site-
selective probe of coupled nuclear and electronic dynamics in
photoexcited  molecules: time-resolved X-ray  photoelectron
spectroscopy (TRXPS). TRXPS is sensitive to the evolution of the inner-
shell binding energy at a specific atomic site due to changes in its local
bonding environment and charge density, enabling the probing of
chemical dynamics from the perspective of specific atoms.

We present results from a joint experimental and theoretical TRXPS
study into the well-characterized ultraviolet photodissociation of CS2, a
prototypical system for understanding non-adiabatic dynamics. Gas-
phase CS2 was photoexcited with 200 nm UV pulses and probed by
photoionization above the sulfur 2p edge at the CAMP@FLASH end-
station. The measured spectroscopic features can be partitioned into at
least three distinct regions in energy, each with their own unique time
dependence. We assign these features to the transient excited state and
subsequent CS and S products via comparison to a first-principles
determination of the TRXPS based on Ab Initio Multiple Spawning (AIMS)
simulations. Our results demonstrate the use of TRXPS as a local probe
of complex ultrafast photodissociation dynamics involving multimodal
vibrational coupling, non-radiative transitions between electronic states,
and multiple final product channels.



Investigating biomolecular structure in the aqueous

phase using photoemission spectroscopy

Bernd Winter

Fritz-Haber-Institut, Faradayweg 4-6, 14195 Berlin

Liquid-jet photoemission spectroscopy enables direct probing of
electronic structure in aqueous solutions, and we demonstrate the
applicability of this technique to biomolecules in a complex
environment. We explore site-specific information on the interaction
of adenosine triphosphate (ATP(aq)) with magnesium (Mg2+(aq)) in the
aqueous phase, based on the simultaneous analysis of valence, core-
level, and non-local autoionization electron signals. This study
provides a comprehensive view of the electronic structure of ATP(aq)
as well as the Mg2+-ATP(aq) complexes relevant to phosphorylation
and dephosphorylation reactions connected with the energy
conversion in biochemical processes. A second application | will discuss
is the ability of liquid-jet photoelectron spectroscopy to distinguish
isomeric structures in aqueous phase. The focus is on the anomeric
effect in sugar aqueous solution, and specifically on methylated
glucose, where each anomer, methyl a- or b-glucopyranoside, is the
only form present, unlike in the case of glucose. We observe a reversal
of the anomeric effect as a function of protonation state upon pH
variation, based on the differences in the respective valence and core-
level photoelectron spectra for the two anomers at given charge state.
Overall, our approach has the potential to detail the origin of the
anomeric effect.



The iron spin crossover in ferropericlase at high
temperatures: Implications for seismic observations

Viktoria E. Trautner

Department of Earth Sciences, University of Oxford, Oxford, United Kingdom

The second most abundant mineral in Earth’s lower mantle is (Mg,Fe)O
ferropericlase. At the high pressure-temperature conditions of our
planet’'s deep interior, Fe2+ in ferropericlase undergoes a change in
electronic configuration. This pressure-induced transition of iron
atoms from high-spin (HS) to low-spin (LS) state is referred to as the
iron spin crossover and leads to changes in physical properties of
ferropericlase. In particular, a decrease in unit cell volume leads to an
anomalous softening of the bulk modulus in the pressure range where
HS and LS iron coexists. This directly affects seismic P- and bulk-wave
velocities, since they are dependent on the elastic bulk modulus.
Therefore, understanding the spin crossover-induced changes in the
compressibility of ferropericlase is of vital importance for the
interpretation of seismological observations, which are a main source
of information about Earth’s interior structure. To identify the seismic
signal of the spin crossover and detect its occurrence in the lower
mantle it is essential to constrain the effects of high temperatures.

Here, we present the first high-temperature measurements of the
compressibility of ferropericlase in the spin crossover pressure range
[1] using a combination of continuous compression experiments in
resistive-heated dynamic diamond-anvil cells and time-resolved X-ray
diffraction at beamline P02.2 (PETRA lll, DESY). We find that the spin
crossover-induced elastic softening of ferropericlase is strongly
temperature-dependent. The experimental results are complemented
by new theoretical calculations, which are used to produce synthetic
seismic tomography models of the lower mantle. This allows us to
identify the seismic signature of the spin crossover, providing a tool
for its detection in seismic observations. By comparing our synthetic
models to data-driven tomographic models, we present new evidence
for the presence of the spin crossover in Earth’s lower mantle.

[1] Trautner et al. (2023). Compressibility of ferropericlase at high-temperature: Evidence for the iron spin crossover in
seismic tomography. EPSL, 618, 118296.



The role of identical charges in enzyme catalysis:
Friends or foes?

Kai Tittmann

Department of Molecular Enzymology, Géttingen Center of Molecular Biosciences, Georg-
August-University Gottingen, Julia-Lermontowa-Weg 3, D-37077 Go6ttingen, Germany

Max-Planck-Institute for Multidisciplinary Sciences, Am Fassberg 11, D-37077 Go6ttingen,
Germany

The origins of enzyme catalysis have been attributed to both
transition-state stabilization as well as ground-state destabilization of
the substrate. For the latter paradigm, the enzyme orotidine-5'-
monophosphate decarboxylase (OMPDC) serves as a reference
system as it contains a negatively charged residue at the active site
that is thought to facilitate catalysis by exerting electrostatic stress
on the equally charged substrate carboxylate leaving group.
Snapshots of how the substrate binds to the active site and interacts
with the negative charge had remained elusive. In this talk, | will discuss
ultrahigh-resolution crystallographic snapshots of human OMPDC in
complex with the genuine substrate, substrate analogues, transition-
state analogues and product that defy the proposed ground-state
destabilization by revealing that the substrate carboxylate is
protonated and forms a favorable low-barrier hydrogen bond with a
negatively charged residue. The catalytic prowess of OMPDC mostly
results from transition-state stabilization by electrostatic interactions
of the enzyme with charges spread over the substrate but also in part
from ground-state destabilization through physical distortions of the
substrate. Our findings bear relevance for the design of
(de)carboxylase catalysts.
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Upgrade of SASE2 Beamline of European XFEL with Superconducting Afterburner: Potential Photon
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C. Lechner, S. Casalbuoni, G. Geloni, E. Schneidmiller, S. Serkez and H. Sinn

. Observation of fast crystallizations of supercompressed water by using the XFEL combined dynamic

diamond anvil cell
Y.-H. Lee, M. Kim, J. K. Kim, Y. C. Cho and G. W. Lee

. MS SPIDOC: Mass Spectrometry meets X-ray Single Particle Imaging

T. Kierspel, A. Kadek, T. Damjanovic, J. Kung and C. Uetrecht

Ultrafast structural dynamics and lattice response of spin crossover thin films probed with femtosec-
ond electron diffraction and X-ray diffraction.
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Photoelectron spectroscopy laboratory at European XFEL
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ods
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Origins of enhanced aurophilicity in stimuli-responsive dimer complexes using Hard X-Ray WAXS and
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S. Paul Dutta, D. Khakhulin, D. Koziej and C. Milne
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Utilising the EuXFEL to characterise material response to laser imprint
B. Fisher and N. Woolsey
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Picosecond surface morphology in femtosecond laser irradiated metals investigated by GID and
GISAXS

O. Oztiirk, D. Ksenzov, L. Randolph, S.V. Rahul, M. Banjafar, L. Huang, J.P Schwinkendorf, T. Kluge,
M. Nakatsutsumi and C. Gutt

The Femtosecond X-ray Experiments (FXE) Instrument at the European XFEL
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New developments of liquid sample delivery at EuUXFEL
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Optimizing VLS Grating Design for SASE Spectrometer
Y. Zhong, J. Feng, M. Wu, J. Cai and W. Zhang
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I. Radu, R. Ivanov, B. Monoszlai, D. Rompotis, J. Meier, R. Secareanu, M. Emons, R. Fabbri, D. Kane,
S. Venkatesan, J. Wang, U. Wegner and M. Lederer

Exploring elastic scattering enhancement via transient resonances probed by x-ray superfluores-
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D. Ronchetti, A. Benediktovitch, A. Leonau, S. Chuchurka, V. Sukharnikov, E. Zavatti, A. Halavanau,
N. Welke, U. Bergmann, J. Bielecki, J. Koliyadu and N. Rohringer

Femtosecond time-resolved L-edge XAS in solution at EUXFEL: Application to the photophysics of
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X-ray spectroscopy simulations of highly correlated materials at European XFEL
N. Brouwer and A. Lichtenstein
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EXtra-Xwiz: A Tool to Streamline Serial Femtosecond Crystallography Workflows at European XFEL
O. Turkot, F. Dall'Antonia, R. J. Bean, J. E, H. Fangohr, D. E. Ferreira de Lima, S. Kantamneni,
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Single-Shot Wavefront Characterisation at the European XFEL
T. W. Guest, R. Bean, G. van Riessen, A. Mancuso and B. Abbey

X-ray optical pulse arrival monitor based on spintronic THz emitters

R. Carley, L. Mercadier, J. Liu, L. Le Guyader, M. Teichmann, M. Gensch, T. Kampfrath, T. Seifert,
I. Radu, R. Ivanov, S. Parchenko, L. P Hoang, G. Mercurio, G. Merzoni, T. Citra Asmara, Y.-P. Chang
and A. Scherz

Femtosecond Single-Particle Diffractive Imaging of Giant-Hemeprotein with XFEL Pulses
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and H.N. Chapman

Femtosecond Single-Particle Diffractive Imaging of Computationally Designed De Novo Protein Com-
plexes with XFEL Pulses

P L. Xavier, E.C. Yang, A. Morgan, S. Dold, J. Bielecki, A. Samanta, A. Estillore, C. Li, W. Zhang,
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Direct observation of electron relaxation dynamics in a warm dense plasma.
Y. Shi
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APPLE-X: Magnetic measurements after the repair
U. Englisch, S. Karabekyan, M.Yakopov, S.Casalbuoni, S. Abeghyan, M. Calvi, Th. Schmidt,
F. Preiskorn and M. Bagha-Shanjani
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The new scientific data policy for European XFEL
F. Dall’Antonia, J. Malka, L. Gelisio, P Schmidlt, E. Sobolev, G. Winterhoff and K. Wrona
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Méssbauer science with 5"Fe at X-ray free-electron lasers
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