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Chirality — A mysterious and exciting topic
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Scientific road of (X)FELs with undulator-based polarization control (o gas-phase studies)
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> Diagnostics and instrumentation XFE L

> Opportunities for ultrafast und nonlinear stereochemistry

> Nonlinear circular dichroism studies
> Ultrafast dichroic phenomena explored with reaction microscopes

> Exploring orbital angular momenta with twisted photons

M. lichen et al.
Phys. Rev. Research 7, 011001 (2025)

> Perspectives for stereochemistry in complex molecules
@ M. Tlchen

> Theoretical Perspectives for Polarization-Controlled FELs

> Atoms - Perturbative Methods, Single-Active-Electron Approximation, i.e., solve the TDSE in some potential, Multi-Electron Approaches like RMT, and Molecules

>  Summary and Outlook & (Iﬁﬂf,\o £
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Fully characterizing attosecond X-ray pulses — Angular streaking
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Machine-learning approaches to enhance angular streaking

From first demonstration at EUXFEL to nonlinear spectroscopy of highly transient matter
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First publication on fully characterized attosecond X-ray pulses

Opening the door to nonlinear spectroscopy of highly transient matter
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New strategies for
FEL-based atto-science:
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Instrumentation upgrades and advances (selected examples)
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Polarization control for the exploration of dynamics in chiral matter
Attosecond X-ray pulses, conquering the TW-regime, and FEL-polarization control

Variable
Polarization
at FELs

Nonlinear Time-Resolving
X-ray Experiments
Phenomena with FELs




New perspectives at FLASH 2 and CFEL — DESY/UHH

Explormg chiral dynamlcs with XUV and soft X-ray pulses
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» Double-sided VMI for high resolution
of low kinetic energies of electrons
available at CFEL (mobile)

» New detection geometries under
investigation (Up to 120mm MCPs)

» New gas jet under development for:
» Pulsed operation
» Microhydration
» Temperature control

» OPA for tunable UV granted (not yet
purchased)

» Investigation of chiral species and
their fragmentation dynamics upon
UV excitation starting soon.

» Exploring more complex systems
(J. Leroux et al.)




Dichroic light-matter interaction in small systems
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Ultrafast circular dichroism experiments

» PECD as tool for chiral recognition!

» Double site-specificity possible!

» Ultrafast chirality at XFELs in reach.
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Second chirality experiment - FLASH @ DESY

Establishing electron-ion covariance spectroscopy for PECD studies
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Collaborations, funding, projects, and outlook
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