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Conference on ultrafast imaging of matter 2024
At DESY in Hamburg

For for further information and registration use:
https://indico.desy.de/event/43918/
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Light couples to electrons
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Light couples to electrons
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Electrons couple to nuclel
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Electrons couple to nuclel
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Nuclel couple to electrons
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Nuclel couple to electrons and their spin

Mai et al,
J. Phys. Chem. Lett. 7,
1978 (2016)

Ground

Ground State

State
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X-rays allow element and site spefific electronic probing
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X-ray data — useful help

1) B bisgeard - Googie Search x Y 1) Web of ¢

€& — C | @ httpsy//vuo.elettra.eu/services/elements/WebElements.html

Cross-Sections and Asymmetry Paramete

This periodic table interface was developed to easily acces the calculated atomic cross sections for phototonization and the related asymmetry par
Calculation of Photoionization Cross-Sections and Asvmmetry Parameters, Gordon and Breach Science Publishers. Langhorne. PE (USA). 1993
Data Tables. 32. 1-155 (1985). The data shown here are those calculated in the dipole length approximation.

This 1s a beta version: comments are welcome.

Group 1 2 3 4 5 6 7 s | 9 | 10 11 12
1A 24 3B 48 | SB 6B 7B SB 1B 2B
Period
1
! H
3 4
2 I_A Be
3 11 12
Na | Me
4 19 20 21 22 23 24 25 26 27 28 29 30
K Ca Sc 5 V G | Mo | Ee | Go Ni Cu | Zn
5 37 38 39 40 41 42 43 44 45 46 47 48
R | & Y |z | ™ | M | T | Re | Ro|Pd|Ae)Cda L
6 55 56 « T 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba Lu Hf Ia W Re Os I Bt Au | He | T Pb Bi Po At Ro
7 87 88 = 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr Ra Lr Rf Db Sg Bh Hs Mt U Tuu Uub Uut Uuq Uup Uuh Uus Uuo
. 57 58 59 60 61 62 63 64 65 66 67 68 69 70
aniianides 1l La | ce | P | Nd | Pm | Sw | Ew | G4 | ™ | Dv | Ho | B | Tw | v
schnides - 90 91 9’2_ 9_3 94 95 96 97 98 99 100 101 102
Ac Th Pa U Np Pu Am Cm Bk Cf Es Em Md No
‘ E} Ergler_2005.pdf i | @ Gessner_2006.pdf il I ¥ Showall downloads... %

https://vuo.elettra.eu/services/elements/WebElements.html
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X-rays allow element and site spefific electronic probing

1eV

are via core ionization
rResonance 0 valence states

Photoelectron spectroscopy




X-ray photoemission (XPS)
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Kinetic energy=photon energy-binding energy
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A deeper look: Site selectivity - chemical shift
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Figure 18, The carbon Is electron lines in ethyl trifluoroacetate.

K. Siegbahn

Gelius et al, J. Electr. Spectr. Rel. Phen. 2, 405 (1974)
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Chemical shift and local charge
'y '_‘

R e e \? "‘\\
,'“.'p':d! ] 1) s

DESY. ELISS 04.09.2% %

19



Chemical shift and local charge
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Site sensitivity — chemical shift
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Site sensitivity — chemical shift
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FLASH allows element and site spefific electronic probing

Binding Energy (e




The electronic molecular movie

Charge difference plot

Ground
state
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The electronic molecular movie
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The electronic molecular movie
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Oscillations exhibit coherent molecular dynamics

Mayer, Lever, Picconi et al.

Difference signal (arb. units)
GaE  lemn Yadl  odb 6k Nature Comm. 13, 198 (2022)

CASPT2
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OTZ 0T3 0T4
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Kinetic energy (eV)

Simulations:
Mai, Marquetand, Gonzélez, J. Phys. Chem. Lett. 7, 1978-1983 (2016)
DESY. ELISS 04.09.2024 | Markus Giihr Mai et al. J. Chem. Phys. 147, 184109 (2017)
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Coupling of electrons and nuclel determines photochemistry
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Coupling of electrons and nuclel determines photochemistry
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FLASH AMO science
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« Correlation using the split-and-delay setup at FLASH 2
delivers 1.26 fs pulse length at 5 nm wavelength

« Collaboration of FLASH with University of MlUnster
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Generation of Ultrashort Pulses in XUV and X-ray FELs via an Excessive
Reverse Undulator Taper

by @) Evgeny Schneidmiller 1" &2 @) Matthias Dreimann 2, §) Marion Kuhimann !,
&) Juliane Ronsch-Schulenbura ' and @ Helmut Zacharias 2

Volume 10 - Issue 6 | June 2023

Schneidmiller et al., Photonics 10, 653 (2023)
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FLASH AMO science
Broadband EUV probing
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FLASH Science
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X-ray pump probe study on an aminoacid

Excitation pulse leaves molecule in an electronic

superposition

Local probing at C K-edge shows the charge migration and

its coupling to nuclear vibrations

DESY. ELISS 04.09.2024 | Markus Guhr

. Schwickert, ...,J. Marangos, T. Laarmann, Science Advances, 2022
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Free electron laser FLASH at DESY in Hamburg
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Working principle of a Free Electron Laser
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Working principle of a Free Electron Laser
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Working principle of a Free Electron Laser

Td e
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Experiment in the URSA instrument at ELASH

Dennis Mayer | Fabiano Lever § Jan Metje
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Looking at the same dynamics via nuclear geometry

Mai et al,
J. Phys. Chem. Lett. 7,
1978 (2016)
R. Boll, ....T. Jahnke, Nat. Phys. 18 423 (2022) Ground
State
- - )
DESY. ELISS 04.09.2024 | Markus Ghr Reaction coordinate 44
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Coulomb Explosion Imaging

For more information on x-ray Coulomb Explosion Imaging:
Boll et al., Nature Phys. 18, 423 (2022)

UV excitation X-ray probe

| one molecule
\J’) in focus
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Coulomb Explosion Imaging

UV excitation X-ray probe
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Coulomb Explosion Imaging

Courtesy
Till Jahnke

Illlll!l'l"lll‘llll]l

DESY. ELISS 04.09.2024 | Markus Guhr

|
-1 -0.5 0 0.5 1
Normalized Momentum p,

24
22
20
18
16
14
12
10
80
60
40

120

Reconstruction
of 3D momentum

Time of flight

one molecule
in focus

48



Coulomb Explosion Imaging

Courtesy
Till Jahnke
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Jahnke et al. https://arxiv.org/pdf/2405.15367 (2024)
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https://arxiv.org/pdf/2405.15367

First the ring Is puckering to go through

the conical intersection...
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....then the sulfur points up with a delay
of 60 fs
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Imaging deplanariztion with CEI
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https://arxiv.org/pdf/2405.15367

Nuclel couple to electrons and their spin

Ground
State

Ground
State
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Further reading

Introduction to

Basics: Coupled electronic and nuclar dynamics in Computational
Chemistry

molecules
- Jensen, Introduction to Computational Chemistry, 3™
edition, Wiley (2017)

X-ray matter interaction ~ NEXAFS

- St6hr, NEXAFS, Springer (1992) SpeCIascODy

- Santra, PhD tutorial J. Phys. B: At. Mol. Opt. Phys.
42 (2009) 023001 (16pp)

- Wolf, Guhr in X-ray free electron lasers, editors:
Bergmann, Yachandra, Yano

- Guhr in Structural Dynamics with X-ray and Electron
scattering, editors: Amini, Rouzee, Vrakking

- D. Mayer, F. Lever, and M. Guhr, Photochemistry and
Photobiology 100, 275 (2024) Electron Lasers

totsscal Dreniasry

Structural Dynamics
with X-ray and Electron
Scattering







