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DESY Photon Science User Committee (DPS-UC) 

Election 202.3

Please vote X online until 

Wednesday, 25 January, 15 h 
door.desy.de 

All active users eligib/e to vote have received a corresponding e-mail. 

DESY on-site sta is not eli ib/e to vote 



09:00 – 19:00 European XFEL | Room 
E1.173 

09:00 – 17:00 DESY | Building 15, 
CSSB Auditorium, 

13:00 - 17:00 Data analysis at FLASH DESY |Building 28c, 
SemR FLASH

10:00 - 18:15 DESY | Building 99, 
CFEL I

09:00 - 17:00 DESY |Building 28c, 
SemR FLASH

13:00 - 17:00 European XFEL | Room 
E1.173 

14:00 - 17:00 DESY | Building 15, 
CSSB Auditorium, 

09:15 - 17:00 DESY | Building 99, 
CFEL III

08:30 - 12:30 DESY | Building 1b, 
SemR 4a+b

09:00 - 18.00 DESY | Building 99, 
CFEL II

08:30–10:00

10:00-10:20

10:00 R. Feidenhans'l European XFEL

10:10 F. Boscherini U Bologna 

10:20-12:45

10:20 R. Feidenhans'l European XFEL

11:00 W. Decking DESY 

11:30 S. Aplin European XFEL

12:00 A. Eschenlohr U Duisburg-Essen

12:15 Young Scientist talk

12:45–14:00

Handling Petabyte Data Sets at European XFEL: Updates on Policy and 
Implementation

Opening adress from the Council Chair 

News from the European XFEL User Organisation and  Bestowal of the 
Young Scientist Award

L u n c h   b r e a k

  DESY Photon Science Users’ Meeting 2023
European XFEL Users’ Meeting 2023

January 2023 in Hamburg
DESY Auditorium (Bldg. 5) 

Monday, 23 January:  Satellite Workshops 

Wednesday, 25 January 2023:   European XFEL Users' meeting  - Plenary Sessions

Registration

Opening session

Present and future opportunities for the investigation of gas-phase biomolecules at FEL and 
SR facilities  

FLASH THz User Workshop

Tuesday, 24 January: Satellite Workshops

Advanced X-ray Instrumentation, Optics and Metrology 

Status of the HED instrument and the HIBEF contributions and scientific highlights

X-ray Raman and other non-resonant Inelastic X-ray Scattering at XFELs

High Rep Rate Fixed Target Delivery: Chip standardisation and workflow

Momentum Microscopy at FLASH and PETRA III  

ExPaNDS workshop: Open Data for Open Science  

Computing for Photon Science  

Welcome

European XFEL Update Session

General status of the project

Accelerator and FEL Sources- Status and Future Plans

Chair: S. Molodtsov



14:00 L. Martinelli PoliM

14:30 J. Mi U Hull

15:00 J. Weinstein U Sheffield

15:30-16.00

16:00-17:10

16:00 C. Sternemann TU Dortmund

16:30 E. Rühl FU Berlin

17.00 R. Röhlsberger           U Jena

17.30 – 20.30 Building 80d, DESY

9:00-9:10 E. Weckert DESY 

9:00-9:40 M. Gühr DESY 

9:40-10:10 L. Scharper DESY 

10:10-10:40  

10:40-11:10 F. Allum SLAC Stanford, USA

11:10-11:40 D. Schick MBI Berlin

11:40-12:10 M. Schnell       DESY/CAU Kiel

12:10-12:40 C. Heyl DESY/Univ. Jena

12:40-14:00 L u n c h   b r e a k

14:00-14:30 D. Rolles U Kansas State

14:30-15:00 M. Ilchen DESY

15:00-15:10 C. McGuinness Trinity College, Dublin

Time-resolved RIXS of NiO photoexcited above the optical gap

XFEL MHz imaging study ultrasonic liquid phase exfoliation of 2D 
materials 
Ultrafast structural dynamics in metal complex photosensitisers and 
catalysts

14:00-15:30      Science Session I

Exploring  Funamental electron dynamics with attosecond X-ray pulses  

Thursday, 26 January: DESY Photon Science Users’ Meeting - FLASH

Status FLASH2020+ project

C o f f e e   b r e a k

Chair: A. Eschenlohr

Distinguishing Molecular Isomers by XFEL-based 3-D Coulomb Explosion 
Imaging

Chair: E. Ploenjes

Mixing laser- and X-ray-beams for probing the electronic structure of 
solids by non-linear spectroscopy

 Science Session: Soft X-ray FEL Science Highlights (jointly organised)

Time- and channel-resolved inner-shell photoelectron spectroscopy

Fragmentation dynamics of polycyclic aromatic hydrocarbons explored 
using ultrafast XUV-Vis and XUV-IR pump-probe spectroscopy

Ultrafast and wavelength-tunable ytterbium lasers for FEL science and 
electron acceleration

Report of the ´European synchrotron and FEL user organisation´ (ESUO)

Chair: S. Bajt

Welcome - FLASH session

FLASH Strategy

Simultaneous X-ray emission spectroscopy and diffraction from 
pressurized matter during X-ray heating 

Scientific POSTER Session & Vendor Exhibition 
(Part 1 - European XFEL/FLASH/external/theory/other)
with Fingerfood & Refreshments

Dynamics of Nanoplasma Expansion in Spherical and Fibrous 
Nanoparticles

New regimes of nuclear resonance exitation at the European XFEL

C o ff e e   b r e a k

 Science Session II

Chair: M. Naumova

Chair: R. Treusch



15:10-15:40

15:40-16:10 K. Baumgärtner U Würzburg

16:10-16:40 A. Benediktovitch U Hamburg

17:00-20:30
Building 80d, DESY

11:00 - 17:00 DESY | Bldg. 99, CFEL 
Sem. R. I-III

11:00 - 17:00 DESY |Building 28c, 
SemR FLASH

13:00 - 17:00 DESY | Building 1b, 
SemR 4a+b

9:00 - 12:00 DESY | Building 25f, 
SemR 456

13:00 -18:30 DESY | Building 25b, 
SemR 109

13:00 - 16:30 DESY | Building 
48f/O1.030

13:00 - 17:00 DESY | Building 47c/110

11:00 - 18:00 DESY | Building 
BAH I+II

14:00  - 16:00 tba

13:00 - 17:30 Bldg. 94 
SemR 01.1041

8:30 – 9:00

09:00-9:15 H. Dosch DESY 

09:15-9:45 E. Weckert DESY

09:45-10:15 C. Schroer DESY/U  Hamburg 

10:15 - 10:45

10:45-11:30 H. Reichert DESY

11:30-12:00 K. Bagschik DESY

12:00-12:15 P. Mueller-
Buschbaum

TU München

12:15-12:25 J.-D. Grundwaldt KIT Karlsruhe

 13.10 - 14:00 

Accelerators as Innovation Boosters: Presenting the Innovation Platform HI-ACTS for easy 
and efficient use of accelerator technologies across industries  
GEMS Satellite Meeting 

In situ studies at extreme conditions using the Large Volume Press at P61B

High-pressure photoemission at POLARIS: catalysis at industrially relevant conditions

X-Ray Absorption Spectroscopy today and perspectives for future PETRA III and IV beamlines

C o f f e e   b r e a k

The ultrafast interfacial movie- imagining electronic and structural 
dynamics at the space- time limit

Satellite workshops 

Scientific POSTER Session & Vendor Exhibition
(Part 2 - PETRA III / PETRA IV) with Fingerfood & Refreshments

Controlling x-ray mattter interaction by collision-induced changes of 
electronic populations

Chair: K. Rossnagel

Registration

PETRA IV Upgrade Project 

  L u n c h   b r e a k

PETRA IV Beamline Portfolio

Report of the Desy Photon Science User Committee (DPS-UC) - Results 
of Election
Research with Photons - Light for the Future: News from the KFS 
(Comittee Research with Synchrotron Radiation)

C o f f e e   b r e a k

Welcome 

Overview DESY Photon Science 

Chair: H.-C. Wille

Status and research highlights of the ECB (P2.02) at PETRA III

High Energy X-ray Diffraction for Physics and Chemistry

SAXS/WAXS/GISAXS@DESY

13th Workshop on X-Ray Nano-Imaging of Biological and Chemical Systems at PETRA III 

The Swedish Materials Science beamline at PETRA III

PETRA III 

Friday, January 27:   DESY Photon Science Users’ Meeting 2023



13:30-14:00 A. Itzen UHH, UKE

14:00-14:30
P. Amann U Stockholm  

14:30-15:00 T. Strohmann DLR

15:00-15:30 B. Murphy CAU

15:30 - 19:00 DESY | Bldg. 28c
SemR FLASH

10:00 - 16:30 Online

Chair: S. Techert

Data analysis at the European XFEL

Manipulation of host cells by infecting bacteria

DAPHNE

Use of AI for synchrotron data analysis

The state of zinc in methanol synthesis over a Zn/ZnO/Cu(211) model 
catalyst

Satellite workshops 

LifeScience&Health@DESY – From presence to future
A new approach for high-impact biomedical research at DESY



General Information 

Main sessions and coffee breaks 
The mains sessions will be held in the DESY Auditorium (Bldg. 5). The coffee breaks will not take place in the 
auditorium foyer, but  in the more spacious DESY cantine (Bldg. 9), directly opposite to the DESY Auditorium. 

Poster sessions with light dinner 
The poster sessions on Wednesday and Thursday afternoon will take place in Bldg. 80d. This big hall is located 
on the DESY campus close to the PETRA III experimental hall ‘Ada Yonath’ (Bldg. 48f) and near to the side gate: 
Luruper Chaussee 149, 22761 Hamburg (see map). 

Wednesday, 25 January, 17:30-20:30h  
Scientific poster session (Part 1 -mainly FEL Science) 
with fingerfood & refreshments (European XFEL) 

Thursday, 26 January, 17:00-20:30h  
Scientific poster session (Part 2 - mainly SR Science)  
with fingerfood & refreshments (DESY Photon Science) 

Vendor exhibitions  
The vendor exhibitions will take place in the same Bldg. 80d in parallel to the scientific poster sessions. Vendor 
exhibition starts at 15:00h.

WLAN 
Science-Hotspot 
This guest WLAN does not require user registration. Users only have to accept the usage regulations on the 
portal website of the WLAN network. 

eduroam 
For guests, whose home institutes are participating in the project eduroam, we offer this wireless guest 
network connection.  

Organizers 
S. Bertini (European XFEL), K. Baranašić (European XFEL), Gabriela Heeßel (European XFEL), M. Kreuzeder
(DESY), K. Kucza (DESY), W. Laasch (DESY), F. Lehmkühler (DESY), S. Molodtsov (European XFEL), Giulia
Quondam (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 cafeteria (opens at 07:00, 
Bldg. 9) or CFEL Cafeteria (opens at 8:00, Bldg. 99) at your own expenses. 

Lunch 
You may have lunch in the DESY canteen (Bldg. 9) or CFEL Cafeteria (Bldg. 99) at your own expenses. 

Public Transportation 
Bus (HVV): Bus stops near the main entrance: ‘Zum Hünengrab (DESY)’ and near the side entrance: ‘Luruper 
Chaussee (DESY)’. 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 

Online Information 

Programme workshops, etc.  
Link : https://indico.desy.de/event/36974/ 

http://www.hvv.de/
kreuzede
Durchstreichen



ABSTRACTS 



News from the European XFEL User Organisation and Bestowal of the Young Scientist Award 

Andrea Eschenlohr 

Faculty of Physics and Center for Nanointegration Duisburg-Essen (CENIDE),  

University Duisburg-Essen, 47048 Duisburg, Germany 

I will present a review of the activities of the European XFEL User Organisation during 2022, including 

the results of our recent User Survey, and discuss our plans for 2023. New members of the 

organisation‘s Executive Committee who were recently elected will further be introduced.  

The presentation will be followed by the bestowal of this year’s Young Scientist Award, which includes 

a scientific talk by the award winner.  



 

Time-resolved RIXS of NiO photoexcited above the optical gap 

 
Martinelli L. 7, Adriano L. 1, Alic A.2, Baykusheva D. R.13, Carley R. 1, Chiuzbaian G.S.2, Dean M. P. 

M.3, Duros O.2, Foelisch A.4, Foerst M.5, Freelon B.K.6, Gerasimova N. 1, Ghiringhelli G. 7, Jiang X.9, 
Jost D.9, Kusch M.4, Laarman T10, Lebedev V.11, Lee W.S.9, Liu C.Y.4, Mercadier L. 1,  Merzoni, G.1,7, 
Minola M.12, Mitrano M.13, Molodtsov S. 1, Pathiraja C.S.6, Parchenko S. 1, Ranhili Pelige J.N.6, Peng 

Y.8, Qiu Q.8, Schmitt T.14, Sears J.3, Scherz A. 1, Sreenkatan Nair Lalithambika S.10, Techert S.10, 
Teichmann M. 1, TenHuisen S. F. R.13, van Kuiken B. 1, Yin Z. 1, Schlappa J1. 

 
1European XFEL, Schenefeld, Germany 

2Sorbonne University, Laboratoire de Chimie Physique-Matière et Rayonnement, Paris, France 
3Brookhaven National Laboratory (BNL), Upton, NY, United States 

4Helmholtz-Zentrum Berlin für Materialien und Energie GmbH, Berlin, Germany 
5Max-Planck-Institut (MPI) für Struktur und Dynamik der Materie (MSPD), Germany 

6Department of Physics and Texas Center for Superconductivity, University of Houston, Houston, TX 
7Dipartimento di Fisica, Politecnico di Milano, Milano, Italy 

8International Center for Quantum Materials, School of Physics, Peking University, Beijing, China 
9Stanford University and SLAC, SIMES, Stanford, United States 

10Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany 
11Bernal Institute, University of Limerick, Limerick, V94 T9PX, Ireland 

12Max Planck Institute for Solid State Research, Solid State Spectroscopy, Stuttgart, Germany 
13Harvard University, Department of Physics, Cambridge, MA, United States 

14Paul Scherrer Institut, Laboratory Condensed Matter, Villigen-PSI, Switzerland 

 
Ultrafast pump-probe techniques have become a fundamental tool in condensed matter physics. The 
development of a high resolution x-ray absorption (XAS) and resonant inelastic x-ray scattering (RIXS) 
instrument at the SCS beamline of the European XFEL is a cornerstone in the field of time resolved x-
ray techniques. For the commissioning of the Heisenberg RIXS (hRIXS) spectrometer, we carried out 
the first pump-probe (pp) RIXS measurements at SCS. 
As a test case we have selected NiO, one of the prominent examples of strongly-correlated materials, 
with a mixed charge-transfer and Mott-Hubbard gap of almost 4 eV and 3D antiferromagnetism. Recent 
time-resolved photoemission experiments have discovered an intriguing coupling between the electronic 
excitations and the magnetic order, and found rather long-lived coherent oscillations between many-
body states [1]. The goal was to study how the magnetic and orbital excitations evolve in response to 
the photoexcitation of electrons above the optical gap. 
We measured time-resolved XAS and RIXS of NiO at the nickel L3 edge (853 eV), with a 266 nm (4.6 
eV) laser pump, a temporal resolution of ≈100 fs and a combined energy resolution of ≈ 80 meV. We 
acquired spectra changing the pump delay between 0.1 ps and 50 ps, and the laser fluence on the 
sample from 1 mJ/cm2 up to 35 mJ/cm2.  
We have found a clear and long-lived broadening and energy-shift of the crystal field excitations, 
possibly caused by thermal expansion of the crystal. At the same time, we have found evidence in the 
XAS of a meta-stable state, visible in the XAS spectrum as new resonance emerging 1.2 eV below the 
main Ni2+ edge. RIXS spectra measured at this incident energy reveal a pair of Stokes – Anti-Stokes 
peaks sitting around ±0.7 eV, disappearing with a dynamics of about 2 ps. Other modifications to the 
RIXS spectra, mostly in the quasielastic region and at the main orbital excitation peak, persist over a 
longer time scale of tens of picoseconds. The analysis and interpretation of these data is still ongoing. 
However, it seems quite evident that the optical pump generates in NiO a relatively long-lived excitonic 
state that decays into more delocalized electronic excitations. The potential of ppRIXS is here 
demonstrated, because the assignment of spectra features is straightforward, the transient 
modifications to the spectra are very large and the measurements are relatively quick.  

 
References 
[1] Gillmeister, Konrad, et al. "Ultrafast coupled charge and spin dynamics in strongly correlated 

NiO." Nature communications 11.1 (2020): 1-9. 



XFEL MHz imaging study of ultrasonic liquid phase exfoliation of 2D materials 
 

Jiawei Mi 

 

School of Engineering, University of Hull, UK 

 

 

Ultrasonic liquid phase exfoliation is a promising manufacturing route for 2D functional 

materials. In the applied ultrasonic fields within the different liquid media used, the 

oscillating and imploding ultrasonic bubbles play critical roles in enabling 2D layer 

exfoliation. The highly transient phenomena occur at µm length scale and sub-µs time 

scale. It is very difficult to observe in real-time these highly dynamic phenomena in 

operando conditions. Hence many fundamental issues in the ultrasonic liquid phase 

exfoliation processes have not been fully understood or not fully quantified. In 15th-19th 

September 2022, we conducted the first official megahertz imaging user experiment at 

the SPB/SFX beamline of the European XFEL. The unique world leading XFEL 

imaging capability (20 KeV, 10 Hz pulse trains with 1.13 MHz repetition rate) allows us 

to observe directly the highly transient phenomena of bubble implosion and shock 

wave generation in different liquid media under different ultrasound conditions. The 

exfoliation of bulk graphite into 2D nano/micro layers and their growth dynamics were 

quantified for the first time in situ. The discoveries pay the way for further optimization 

of the ultrasonic liquid phase exfoliation processes for different types of 2D functional 

materials.  

 



 

 

Ultrafast structural dynamics in metal complex photosensitisers and catalysts:  
Femtosecond X-ray Emission study of the excited state pathway in a photo-antibacterial copper 

complex – what comes first, intersystem crossing or structural change? 
 

Rory A. Cowin, Martin V. Appleby, Iona Ivalo, Catherine Royle, Julia A. Weinstein 
Department of Chemistry, the University of Sheffield, Sheffield S3 7HF, UK. Julia.Weinstein@Sheffield.ac.uk 

Frederico Lima, Chris Milne, Yohei Uemura, Mykola Biednov, Dmitry Khakhulin 
EU XFEL, Hamburg, Germany 

 
Transition metal (TMC) complexes have been widely used in light-driven applications such as artificial 
photosynthesis, catalysis and photodynamic therapies, for decades. TMC owe such success to desirable 
photophysical properties: (i) tuneable light absorption across the visible range via modification of the ligands 
which change the energy of the Metal-to-Ligand Charge transfer (MLCT) state; (ii) the lowest triplet excited 
state, 3MLCT is efficiently populated via ultrafast 
intersystem crossing (ISC). (iii) the long, >100 ns, lifetime 
of the triplet state enables efficient bimolecular reactions in 
e.g. photocatalysis or singlet oxygen (1O2) generation.  
 

 

Tetracoordinate Cu(I) complexes [2-6], where the lowest 
electronic excited state is of MLCT character, have shown 
promise as a replacement for the typically used complexes 
of rare metals (Ru, Pt) as photosensitisers in applications 
such as antibacterial water purification. However, Cu(I) 
homoleptic diimine complexes often have excited state 
lifetimes too short for efficient bimolecular reactions, due to 
geometric distortion upon photoexciation from the pseudo-
tetrahedral ground-state geometry to the pseudo square-
planar configuration in the MLCT excited state. In these homoleptic complexes, sterically hindering ligands are 
employed to prevent this distortion and thus increase the lifetime of the excited state. 
 

We have recently demonstrated a representative of a class of heteroleptic Cu(PP)(NN) complexes, containing 
one diimine ligand and one di-phosphine ligand (Fig 1, PP = xanthphos, NN = 2,9-dimethyl-
phenanthroline) as the first example of a Cu(I) complex as an efficient photo-antibacterial agent due to a 
relatively long excited state lifetime of ~200 ns.[1] 
Synchrotron-based studies of similar Cu(NN)(PP) 
complexes revealed changes in Cu-P and Cu-N 
bond-length on the >80 ps time-range.[7]   
 
To better understand the photophysical properties 
of this class of complexes, early time evolution of 
structural, electronic, and spin dynamics needs to 
be investigated. The information obtained from 
femtosecond XES studies at the FXE beamline 
(Fig. 2) will be discussed. The XES data are 
complemented by femto-second electronic 
transient absorption and fluorescence 
upconversion data on Cu(NN)(PP) complexes with 
various degree of steric hindrance, that indicate the 
presence of  sub-10 ps processes in solution.  
 
The mechanism of the excited state decay, including a competition between ISC and structural distortion in 
heteroleptic Cu(I) complexes is proposed, based on the ultrafast FXE data and optical data and complemented 
by TDDFT calculations. Complementary X-ray and optical data are a starting point for a wider systematic 
investigation into the fundamental mechanism of ISC in transition metal complexes.   
 
We thank EU XFEL for the beam time, EPSRC UK for funding the Lord Porter Laser Laboratory in Sheffield and 
PhD studentship (I.I.); UK XFEL Physical Sciences hub (PhD studentship for R.A.C), the Grantham Center 
(M.V.A.); the University of Sheffield; and Prof P Wernet, Prof W Gawelda, Prof T Katayama for discussions.  
 
1. Appleby et al, Materials Advances 2020, 1, 3417; 2. Penfold et al. Chem. Rev. 2018, 118, 6975,  
3. Katayama et al, Nature Comm., 2019, 10, Article number: 3606.   
4. Potochny et al, Inorg. Chem., 2022, 19119; 5. Iwamura et al. Acc. Chem. Res. 2015, 48, 782.  
6. Katayama et al, 2022, https://chemrxiv.org/engage/chemrxiv/article-details/6389591a836ceb164c6f8788  
7. Rentschler et al, Chem. Eur.J. 2020, 26, 9527.    

 
Figure 2. X-ray emission data, FXE beamline, 2022. Excitation 
400 nm, 20 mM solution of [Cu(PP)(NN)][BF4] in acetonitrile. 

 
Figure 1. A cartoon representation of Cu1 complex 
under 405 nm light killing Gram-negative E.Coli 
and Gram-positive MRSA bacteria.[1]  
Sngle crystal X-ray diffraction data: Green - Cu, 
blue – N, orange – P, red – O. H-atoms omitted.  
 

mailto:Julia.Weinstein@Sheffield.ac.uk
https://chemrxiv.org/engage/chemrxiv/article-details/6389591a836ceb164c6f8788


Simultaneous X-ray emission spectroscopy and diffraction from pressurized matter during X-ray heating 
 

Christian Sternemann 
 

Fakultät Physik / DELTA  
Technischer Universität Dortmund 

D-44221 Dortmund, Germany 
 

christian.sternemann@tu-dortmund.de  
 
 
 

The investigation of the electronic state of matter at extreme conditions using X-ray spectroscopy became 
feasible using diamond anvil cell technology coupled to laser-heating devices or shock compression 
experiments. This way one can achieve conditions of planetary interior in the laboratory, i.e. for example 
about 136 GPa and 3000 K for the core-mantle boundary of our planet. Only recently X-ray heating was 
exploited as an alternative approach to heat a sample contained in a diamond anvil cell. Here, femtosecond 
X-ray pulses from an X-ray free electron laser (XFEL) source are used to heat the material and to probe the 
hot state under static compression by the same X-ray pulse train. This method was so far predominantly 
combined with X-ray diffraction. In order to extend such studies to spectroscopic applications, we 
implemented a von Hámos type spectrometer in the interaction chamber 1 of the High Energy Density (HED) 
instrument of the European XFEL. This setup allows to study the electronic state of a sample at high-
temperature and high-pressure using Kβ X-ray emission of e.g. transition metals in the 6 to 11 keV range and 
can be combined with simultaneous X-ray diffraction. It can be also applied to measure valence-to-core 
emission spectra as well as to conduct inelastic X-ray scattering experiments with an energy resolution in the 
1-eV range. The implementation and commissioning of the spectrometer will be presented and examples for 
the study of high-pressure high-temperature states of iron in FeCO3 and FeS will be discussed. Future 
applications of the high-resolution von Hámos spectrometer at the HED instrument are not limited to the 
study of samples with X-ray heating but can be extended to e.g. laser-pump X-ray probe and laser driven 
shock compression experiments. 



Dynamics of Nanoplasma Expansion in Spherical and Fibrous Nanoparticles 
 
F. Gerke1, P. Tümmler2, S. Biswas3, S. Dold4, D. Rivas4, T. Baumann4, B. Kruse2, L. Seiffert2, T. Mullins4, 

P. Grychtol4, Y. Ovcharenko4, B. Wassermann1, S. Rafie‐Zinedine4, M. Meyer4, A. Maity5, V. 
Polshettiwar5, M. F. Kling3, C. Peltz2, T. Fennel2, and E. Rühl1 
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The ultrafast nanoplasma dynamics of spherical1 and  fibrous2 silica nanoparticles probed by X‐rays 
from  the SASE3 soft X-ray undulator at the European XFEL at  the  SQS  instrument  is  reported.  Isolated 
nanoparticles  were  prepared  in  an  aerodynamically  focused  beam  that  was  excited  by  pulsed 
infrared radiation at 800 nm (1 mJ/pulse, 188 kHz, 20 fs duration) synchronized to pulsed soft X‐rays 
of 1 keV photon energy, 25 fs pulse duration, and an energy of 7 mJ per pulse in the NQS chamber. 
The  scattered  X‐rays  are monitored  by  a  pnCCD‐detector.  Systematic  studies  involving  infrared‐
pump‐X‐ray‐probe  experiments  with  delays  of  the  X‐rays  reaching  up  to  15  ps  reveal  ultrafast 
processes  involving  the  dynamics  of  temporary  surface melting  of  spherical  particles  as  well  as 
irreversible  changes  of  the  particle’s  surface  structure,  most  prominently  observed  for  fibrous 
nanoparticles. This goes beyond  recent  results  focusing on  the  femtosecond dynamics of spherical 
silica nanoparticles.3 Distinct  importance  for  these dynamical processes has  the polarization of  the 
radiation fields. This is evidenced by different observables, such as the delay‐dependent slope of the 
scattered X‐rays as a  function of  the  scattering wave  vector and  the asymmetry of  the  scattering 
patterns. Modeling the experimental results by molecular dynamics simulations leads to new insights 
into  the  nanoplasma  dynamics  as  a  function  of  nanoparticle  shape  as  well  as  reversible  and 
irreversible plasma‐induced structural changes of the nanoparticles.  
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New Regimes of Nuclear Resonance Excitation at the European XFEL 
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The nuclear resonances of Mössbauer isotopes provide extremely narrow energy references for high-
resolution spectroscopy. This qualifies them for applications in condensed matter physics as well as for 
studies in fundamental physics and extreme metrology. Since the pioneering experiment by E. Gerdau 
et al. [1] at the storage ring DORIS (DESY, Hamburg), the technique of nuclear resonance scattering 
has found widespread applications at hard X-ray synchrotron radiation sources worldwide. Its 
implementation and use at hard X-ray laser sources started with one experiment performed at SACLA 
in Japan reported so far [2]. 
 
Science with nuclear resonances at the European XFEL commenced in 2022 with two experiments to 
be reported here. One study was conducted at the 14.4 keV resonance of 57Fe aiming at applications 
in x-ray quantum optics [3], the other experiment resulted in the first-time photonic excitation of the 
ultranarrow 12.4 keV resonance of 45Sc for future applications in extreme metrology [4].  
 
Employing the 14.4 keV nuclear resonance of 57Fe we aimed at the realization of multiphoton excitation 
in forward scattering from an ensemble of Mössbauer nuclei. Due to the radiative coupling between the 
nuclei in the ensemble, an enhanced decay rate (superradiance, SR) and collective energy shifts 
(collective Lamb shift, CLS) appear as characteristic signatures in the scattered light. So far, SR and 
CLS have been extensively studied in the single-photon excitation regime at synchrotrons. Here we 
wanted to address the spectral properties of the nuclear exciton under multiphoton excitation conditions, 
especially with the goal to determine the CLS as function of the number of photons that resonantly 
excite the nuclear ensemble. So far, the spectral properties under multiphoton excitation conditions 
have neither been approached theoretically nor experimentally. 
 
The 12.4 keV resonance of 45Sc is one of the narrowest nuclear resonances known with a half width of 
1.4 femto-eV. In several aspects this isotope is superior to the 8.3 eV 229mTh isomer for extreme 
metrology applications. The scientific potential of the 45Sc resonance together with the possibility to 
resonantly excite it by photons from modern accelerator-based hard x-ray sources was identified more 
than 30 years ago [5]. However, it escaped detection until now, mostly due to the lack of hard x-ray 
sources with sufficient spectral flux. In this experiment the nuclear resonance of 45Sc was successfully 
observed by irradiation of a Sc metal foil with 12.4-keV x-ray pulses of sub-millisecond duration and 
detection of the 4 keV delayed K-fluorescence that followed internal nuclear conversion. The resonance 
energy, which was known before the experiment to an uncertainty of +/- 50 eV only was determined 
with sub-eV accuracy. Our results set the stage for further studies of this isotope with promising 
applications in fundamental physics and extreme metrology. 
 
Both experiments greatly benefitted from the high pulse repetition rate in conjunction with hard x-ray 
self-seeding (HXRSS) at the respective nuclear resonance energies, providing the spectral flux for 
efficient nuclear resonance excitation. A unique pulse pattern will be extremely beneficial for future 
studies at the 45Sc resonance, in particular for the analysis of hyperfine interactions via nuclear forward 
scattering. 
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Distinguishing Molecular Isomers by XFEL-based   
3-D Coulomb Explosion Imaging 

D. Rolles 
J.R. Macdonald Laboratory, Kansas State University, Manhattan, KS, USA 

 
After the successful proof of the XFEL-based Coulomb Explosion Imaging (X-CEI) 
method to image the molecular structure of ring molecules with 10+ atoms [1], we 
have extended the X-CEI method towards our ultimate goal of imaging transient 
molecular structures during ultrafast photochemical reactions. As a first step, we 
recorded static X-CEI patterns for three C7H8 isomers toluene (benzene ring with one 
methyl ligand), cycloheptatriene (7-member ring), and 1,6-heptadiyne (chain) to 
investigate how the different geometries are reflected in the X-CEI patterns, and to 
benchmark the predictions of our Coulomb explosion simulations. Next, we 
performed a time-resolved X-CEI experiment to track the UV-induced ring opening of 
the heterocyclic thiophenone (C4H4OS) molecule. The preliminary results of the time-
resolved experiment, which took place in the REMI end-station at the SQS 
instrument at European XFEL approximately three months ago, demonstrate the 
impressive ability of the X-CEI method to image the full three-dimensional molecular 
geometry, including the position of hydrogen atoms, which are difficult to resolve via 
ultrafast diffraction techniques. Furthermore, although the analysis of the data 
capturing the initial phase of the ring-opening in the first 100 fs is still in progress, 
structural changes on the picosecond scale are clearly observed in the experimental 
data. 
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Mixing laser- and x-ray-beams for probing the electronic structure 
of solids by non-linear spectroscopy 
Daniel Schick, MBI Berlin 

Abstract 

Free-electron laser sources are shifting the limits for non-linear spectroscopy into the extreme 
ultraviolet (XUV) and X-ray spectral ranges, where inner shell electrons become involved in the 
non-linear processes. Exemplarily, we studied the influence of core excitons in a lithium fluoride 
single crystal on sum- and difference-frequency mixing by employing XUV free-electron and 
optical laser pulses. This allows probing charge localization with atomic specificity and gives access 
to otherwise forbidden, dark transitions. 
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After the successful proof of the XFEL-based Coulomb Explosion Imaging (X-CEI) 
method to image the molecular structure of ring molecules with 10+ atoms [1], we 
have extended the X-CEI method towards our ultimate goal of imaging transient 
molecular structures during ultrafast photochemical reactions. As a first step, we 
recorded static X-CEI patterns for three C7H8 isomers toluene (benzene ring with one 
methyl ligand), cycloheptatriene (7-member ring), and 1,6-heptadiyne (chain) to 
investigate how the different geometries are reflected in the X-CEI patterns, and to 
benchmark the predictions of our Coulomb explosion simulations. Next, we 
performed a time-resolved X-CEI experiment to track the UV-induced ring opening of 
the heterocyclic thiophenone (C4H4OS) molecule. The preliminary results of the time-
resolved experiment, which took place in the REMI end-station at the SQS 
instrument at European XFEL approximately three months ago, demonstrate the 
impressive ability of the X-CEI method to image the full three-dimensional molecular 
geometry, including the position of hydrogen atoms, which are difficult to resolve via 
ultrafast diffraction techniques. Furthermore, although the analysis of the data 
capturing the initial phase of the ring-opening in the first 100 fs is still in progress, 
structural changes on the picosecond scale are clearly observed in the experimental 
data. 
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Exploring fundamental electron dynamics with attosecond X-ray 
pulses 
Markus Illchen, DESY 

Abstract 

Fundamental electron dynamics at the attosecond frontier and their direct coupling to structural 
dynamics of matter yield novel insights into the energy-distribution and protection mechanisms of 
Nature. The angular-streaking technique has exclusively demonstrated its capability of obtaining 
the full time-energy structure of XFEL pulses with attosecond resolution directly in the time-
domain, thus enabling XFELs to study electron dynamics from element-specific vistas and their 
importance as onset of subsequent structural dynamics. Latest advances of this technique 
together with first results from the 2022 EuXFEL atto-campaign and the complementary prospects 
of the FLASH 2020+ innovation project at DESY will be presented. 
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The ultrafast interfacial movie-imaging electronic and structural 
dynamics at the space-time limit 
Kiana Baumgärtner, U Würzburg 

Abstract 

Function is dynamic and arises at hybrid interfaces. In molecular devices such as mechanical 
switches or catalytic surfaces device function is often initiated by the transfer of charge and 
energy across the substrate-molecule interface and involves the interplay between electronic and 
structural degrees of freedom. By shooting a ‘molecular movie’ we aim to visualize and disentangle 
these electronic and structural dynamics with femtosecond temporal resolution and sub-Angström 
spatial resolution. For shooting the molecular movie we combine three modalities of time-resolved 
photoelectron spectroscopy (tr-ARPES, tr-XPS and tr-XPD) in one setup to simultaneously trace 
the sample’s valence band and core level evolution with a time-of-flight momentum microscope. 
From the obtained four-dimensional datasets of energy, momentum-space and time we can trace 
the signatures of excited molecular states in time and decipher their role in initiating a macroscopic 
structural reorganization of the molecular film. We believe that our findings improve our 
understanding of intertwined electronic and structural processes at hybrid interfaces and will 
therefore enable the design of new functionalities in active hybrid matter. 
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Controlling x-ray matter interaction by collision-induced changes of electronic populations 

A. Benediktovitch1, L. Mercadier2, D. Ronchetti1, S. Bajt1, S. Serkez2, J.-E. Rubensson3,
B. Ziaja1,4, SCS team2, et al, N. Rohringer1,5

1) CFEL, DESY, Hamburg, Germany
2) European XFEL, Schenefeld, Germany
3) Uppsala University, Uppsala, Sweden
4) Institute of Nuclear Physics, Polish Academy of Sciences, Krakow, Poland
5) Universität Hamburg, Hamburg, Germany

The irradiation of a solid with focused soft x-ray FEL pulses transforms its constituent atoms into an 
electronically highly excited, transient state on an ultrashort time scale. In this regime, the solid is brought 
into the warm dense matter state and new bound-bound electron transitions may open – thus dramatically 
modifying the absorption as well as scattering properties of the solid. We present results of two recent 
experiments at the European XFEL SCS instrument that demonstrate these phenomena on copper. 

In the first experiment, the XFEL pulse with a photon energy around the Cu L-edge is focused on a thin 
Cu foil, transforming Cu quasi instantaneously into an electronically excited state: L-shell photoionization 
and subsequent Auger-decay creates an out-of-equilibrium population of continuum electronic states.  
Electron-electron and electron-ion/atom collisions then drive the system to a state of warm dense matter 
on a 10-100 fs timescale. We probe this transient state by spectrally resolving the transmitted x-ray pulse 
as a function of fluence, thereby revealing the atomic and ionic properties. For XFEL pulse intensities 
above 1013 W/cm2, we observe that a strong pre L-edge peak appears in the absorption spectrum which 
is due to 2p3/2 → 3d transitions. These absorption channels open due to holes in the Cu 3d shell that are 
produced by electron-impact ionization. At higher fluence, the pre-edge peak broadens, drops, and the 
spectral absorption profile becomes smooth without a pronounced L–absorption edge. These features are 
consistent with the appearance of multiple higher ionic charge states in different electronic configurations, 
as our modeling based on the kinetic Boltzmann approach demonstrates. 

In the second experiment, the x-ray scattering properties of the transient state are studied, by spectrally 
resolving the diffracted x-ray radiation with the hRIXS spectrometer: We investigated the diffracted 
spectral intensity of the 5th order superlattice peak of a  [B4C(2nm)/Cu(2nm)/SiC(2nm)]15 multilayer 
sample. As expected from the fundamental relation between scattering and absorption, the opening of 
absorption channels on 2p3/2 → 3d transitions likewise results in additional resonant elastic scattering 
contributions. In line with our first experiment, at XFEL intensities above 1013 W/cm2 we observe a strong 
enhancement of the diffracted intensity in the pre-edge spectral region. This demonstration paves the way 
towards control of atomic scattering properties. 

In the hard x-ray regime, we envision that the enhancement of atomic scattering factors, which also 
changes the phase of the scattering factor, becomes beneficial for structural crystallography. Thanks to 
enhanced scattering by transient resonant channels, the corresponding atoms would scatter like much 
heavier atoms – it could be beneficial for methods such as single-wavelength anomalous dispersion. This 
could pave the way to novel methods to solve the phase problem of x-ray scattering experiments. 



Manipulation of host cells by infecting bacteria 

Prof. Dr. Aymelt Itzen1,2 

1 University Medical Center Hamburg-Eppendorf (UKE), Center for Experimental Medicine, 
Institute of Biochemistry and Signaltransduction, Martinistr. 52, 20246 Hamburg 

2 Centre of Structural Systems Biology, University Medical Center Hamburg-Eppendorf (UKE) 

Abstract 

Bacterial pathogens are a global problem for our healthcare systems. Resistance to medically 
important antibiotics is increasing, leading to the spread of serious bacterial infections. This 
development poses increasing problems for hospitals and their patients. In particular, patients with 
a weakened immune system and the elderly are vulnerable to dangerous bacterial diseases. 

Therefore, researchers are aiming to understand the molecular mechanisms of bacterial infections 
to potentially explore new treatment strategies in the long term. To this end, it is beneficial to 
understand in detail the interaction of bacteria with their human hosts and to study the 
infectiological characteristics of individual pathogens.  

An interesting class of pathogens are bacteria that invade a human cell and multiply in this 
environment. These include, for example, Legionella, which can cause the infamous Legionnaires' 
disease. Legionella can be absorbed by humans into the lungs through contaminated aerosols. 
Once in the lungs, the bacteria attack immune cells and create a microenvironment within them in 
which they can survive and multiply. To this purpose, Legionella releases bacterial proteins via a 
syringe-like transport system that specifically manipulates the human host cell to meet the 
pathogen's demands. This battle zone of human and bacterial proteins represents an interesting 
field of research that offers the possibility to better understand the molecular strategies of 
infection processes.  

My research group is therefore dedicated to the characterization of such bacterial proteins (e.g. 
Legionella proteins) and their interactions with human factors. Therefore, we study their 
interactions in atomic detail to understand the fundamentals of bacterial-human interactions. We 
obtain protein samples by biochemical and chemical-biological methods and subsequently perform 
structural biological studies. For this purpose, proteins are grown into crystals, which are then 
analyzed using brilliant synchrotron radiation. From the diffraction pattern and their intensities, 
conclusions can be drawn about the atomic composition and arrangement of proteins, providing 
valuable insights into the mechanisms of their activity. In my talk, I will show how the combination 
of biochemistry and structural biology can provide valuable new information on details of infection 
processes. 



The state of zinc in methanol synthesis over a Zn/ZnO/Cu(211) 
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Abstract 

Methanol is a highly attractive base chemical that can give 
an important contribution for closing the carbon cycle 
when formed from a mixture of CO, CO2 and H2. While the 
elements Cu and ZnO show very low turnover rates, the 
mixture of them results in highly active catalysts. Despite 
intense investigations there have been significant 
unresolved questions on the nature of Zn: whether it is in 
a metallic or (partly)oxidized state or if Zn forms an alloy 
with Cu during the reaction.  

Here I report on an experimental approach that allows investigation of the Zn state under 
operando conditions using a pressure greater than 180 mbar and variable temperature. The figure 
gives an artist’s impression of the situation where a copper catalyst is surrounded by gas molecules 
and the reaction intermediates are probed with x-rays. We find that Zn dynamically responds to 
the chemical potential of the surrounding gas and becomes more metallic under CO hydrogenation 
conditions and more oxidized under CO2 hydrogenation conditions. By comparing with brass and 
polycrystalline Zn sample we can distinguish the different states of Zn as Zn metal islands, ZnO 
and surface Cu-Zn alloy. Under all conditions we find that Zn is in a mixed oxide- intermetallic state. 
The mixture of CO, CO2 and H2 critically affects the local ZnO ⇆ Zn redox equilibrium and we 
conclude that the most active phase is stabilized in the simultaneous presence of balanced 
amounts of CO, CO2 and H2. The results were achieved using the POLARIS instrument (Scienta 
Omicron, BarXPS) [Amann et al. RSI, 103102, 2019], at beamline P22 of the Petra III synchrotron at 
DESY, Germany. This instrument was designed at Stockholm University and allows for investigating 
catalysts under operando conditions at pressures of up to- and beyond 1 bar in combination with 
elevated temperature capabilities. Using grazing-incidence, hard X-rays from the synchrotron, the 
experiment can be optimized to a specific aspect with respect to bulk or surface sensitivity. This is 
done by stepping through the critical angle of total external reflection. The results got published 
in Science [Amann et al. Science 376, 2022] 
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Use of AI for synchrotron data analysis 
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Abstract 

The continuously increasing brilliance of synchrotron sources as well as the use of fast imaging 
detectors gives researchers access to a large amount of two-, three- or four-dimensional data. 
For materials scientists, such data contains information relevant to elucidate the relationships 
between process, microstructure and performance of materials.  

Usually, the process of data preparation, e.g. the segmentation of tomography data, requires 
intensive and time-consuming manual work to be performed representing a bottleneck in the 
research process. Moreover, in many cases it is only possible to analyze synchrotron data once the 
researchers return from the synchrotron source back to their home labs. As a consequence, 
experiments have to be fully scheduled in advance to the beamtime. However, for many cases, a 
more agile experimental planning would be beneficial, i.e. fine-tuning of initial experimental 
parameters based on preliminary results of just accomplished experiments.   

To enable such agile planning, we explored the usability of different approaches of deep learning 
algorithms and, particularly, convolutional neural networks (CNNs). CNNs present one state-of-the-
art technique for pattern recognition in digital images of various domains. However, their 
application needs to be adapted to the specific needs of every field.  

In this talk, we present results using deep learning for three materials science use cases: 
Firstly, we explored the use of unsupervised machine learning to obtain fast insights into time-
resolved high energy synchrotron diffraction obtained during in situ heat treatments of a Ti-6Al-
4V alloy produced by additive manufacturing. To this purpose, we trained an autoencoder CNN 
model. The learned latent space representing diffraction pattern for individual time steps 
correlates well with the phase fraction of α/α’ and β.  
Secondly, a CNN was trained using supervised machine learning to segment the microstructural 
components of an AlSi cast alloy imaged using synchrotron X-ray tomography. The results show 
that this approach can reduce the total working time for the segmentation tremendously compared 
to a manual segmentation. Lastly, we give an outlook on the use of generative neural networks to 
increase the spatial resolution of synchrotron X-ray computed tomography. 
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35. Multiple-core-hole resonance spectroscopy with ultraintense x-ray pulses
A. Rörig, S.-K. Son, T. Mazza, P. Schmidt, T.M. Baumann, B. Erk, M. Ilchen, J. Laksman, V. Music,
S. Pathak, D.E. Rivas, D. Rolles, S. Serkez, S. Usenko, R. Santra, M. Meyer and R. Boll

36. Ultrafast X-Ray Pump X-Ray Probe Absorption Spectroscopy of Warm Dense Copper
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