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Mutation
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Heat production Change in spin

How does this selectivity arise?

Coupled, ultrafast electron-nuclear dynamics
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Nuclei couple to electrons and their spin
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FLASH allows element and site spefific electronic probing

N OC

K L M

P S



15DESY. Napoli Physics Colloquium 15.04.2024 | Markus Gühr

FLASH allows element and site spefific electronic probing

K L M

Probe here via core ionization

Resonance into valence states

Photoelectron spectroscopy
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FLASH allows element and site spefific electronic probing

K L M
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FLASH makes electronic molecular movies

Sulfur XPS

Mayer, Lever, Picconi et al.

Nature Comm. 13, 198 (2022)
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FLASH makes electronic molecular movies

Sulfur XPSCarbon XPS

Mayer, Lever, Picconi et al.

Nature Comm. 13, 198 (2022)
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nπ*

nπ*

less nπ*

1nπ* population

Simulations:

Mai, Marquetand, González, J. Phys. Chem. Lett. 7, 1978–1983 (2016)

Mai et al. J. Chem. Phys. 147, 184109 (2017)

Oscillations exhibit coherent molecular dynamics

Mayer, Lever, Picconi et al.

Nature Comm. 13, 198 (2022)
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Coupling of electrons and nuclei determines photochemistry
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1np* (S1)

Mayer, Lever, Picconi et al.

Nature Comm. 13, 198 (2022)
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Looking at the same dynamics via nuclear geometry

25
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R. Boll, ….T. Jahnke, Nat. Phys. 18 423 (2022)
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Jahnke et al. https://arxiv.org/pdf/2405.15367 (2024)

https://arxiv.org/pdf/2405.15367
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First the ring is puckering to go through
the conical intersection…

Courtesy

Till Jahnke
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….then the sulfur points up with a delay
of 60 fs

Courtesy

Till Jahnke
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H11

Imaging deplanariztion with CEI
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Jahnke et al. https://arxiv.org/pdf/2405.15367 (2024)
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Travelling through timescales
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Internuclear separation

10-15 10-12 10-9 10-6 10-3 100 sec

10 Nanosekunden

Edgerton, 1964

37

Travelling through timescales
40 Millisekunden

Muybride und Stanford, 1876
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10-15 10-12 10-9 10-6 10-3 100 sec

10 Femtoseconds

38

Travelling through timescales
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Working principle of a Free Electron Laser
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Working principle of a Free Electron Laser

«Pancini era divenuto sostenitore del fatto che gli apparecchi 

si dovevano costruire completamente in casa, perché... per 

fare della buona ricerca sperimentale bisogna sapere come 

gli apparecchi sono fatti e perciò non acquistarli.»

(parole di Giovanni Boato, che fu suo collaboratore a Genova, https://it.wikipedia.org/wiki/Ettore_Pancini)

https://it.wikipedia.org/wiki/Giovanni_Boato
https://it.wikipedia.org/wiki/Genova


41DESY. Napoli Physics Colloquium 15.04.2024 | Markus Gühr

Working principle of a Free Electron Laser

Electron source

Superconducting accelerator Undulator

https://vtour.desy.de/desytour/index_de.html#node5

Photon diagnostics and instruments
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Working principle of a Free Electron Laser

Electron source

https://vtour.desy.de/desytour/index_de.html#node5
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Working principle of a Free Electron Laser

https://vtour.desy.de/desytour/index_de.html#node5

Superconducting accelerator
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Working principle of a Free Electron Laser

Undulator

https://science.hzbblog.de/what-is-an-undulator
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Working principle of a Free Electron Laser

Undulator

https://www.youtube.com/watch?v=RG-PYmeq2XE
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47

2021
Shanghai SXFEL

2020

Pohang
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FLASH  - support in beamline, instrument, and data

We don‘t only offer x-ray light, 

but:

• Beamline and optical lasers

• Instrumentation which can be

tailored to your samples

• A rich data analysis library for

user during and after 

beamtime

All you need to do is getting in 

contact with us

AND THEN

Write a proposal
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Why would you want to use FLASH?

Femtosecond duration soft x-ray pulses

1-400 eV photon energy in fundamental

Up to ~1000 eV in third harmonic

5000 bunches/second, up to 1mJ per bunch

THz undulator

Optical lasers 

X-ray split and delay

Ultrafast dynamics

Nonlinear probe

Probe before destroy

FLASH1FLASH2
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Heading
Subheading, optional

| FLASH | Markus Guehr, Feb. 12th 2025

FLASH2 beamlines and fixed instruments.

FL24, M. Kuhlmann

Open port

Highest intensity

shortest wavelength

FL23, G. Brenner

open port

Pulse front tilt 

compensating 

monochromator

FL26, U. Frühling

Fixed instrument

Reaction microscope (REMI)

HHG VUV source

FEL X-ray

Optical laser

FLASH2 optical

Laser

G. Cirmi
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Heading
Subheading, optional

| FLASH | Markus Guehr, Feb. 12th 2025

FLASH2 beamlines and fixed instruments.

FL24, M. Kuhlmann

Open port

Highest intensity

shortest wavelength

FL23, G. Brenner

open port

Pulse front tilt 

compensating 

monochromator

FL26, U. Frühling

Fixed instrument

Reaction microscope (REMI)

HHG VUV source
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Optical laser

FLASH2 optical
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G. Cirmi
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Heading
Subheading, optional

| FLASH | Markus Guehr, Feb. 12th 2025

BL1, B. Erk

Fixed CAMP instrument
FL11, R. Pan

Open port

X-ray and THz

PG2, G. Brenner

open port

Monochromator beamline

PG1, S. Dziarzhytski

Fixed tr-RIXS instrument

FLASH1 optical

Laser (2026)

H. Cankaya

PIGLET laser

F. Presacco

FLASH1 beamlines and fixed instruments

FEL X-ray

Optical laser
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DESY pioneered the use of multi-pass cells.

| FLASH | Markus Guehr, Feb. 12th 2025

• FS-LA pioneered MPC for Yb lasers

• Future FLASH1 pp laser also based on MPC and 

harmonics thereof

MPC in operation:

FLASH1 PIGLET

• MPC based on glass

• low power at high @1MHz, 1030nm, harmonics available

FLASH2 MPC for FL23

• MPC based on gas

• Up to 1mJ@100kHz, 1030nm, harmonics available

M. Seidel  et al., Ultrafast Science 754919 (2022).

M. Seidel et al. Laser & Photonics Review 16 (2022). 

FLASH1 MPC

FLASH2 MPC
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We provide very flexible instrumentation.
Subheading, optional

| FLASH | Markus Guehr, Feb. 12th 2025
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Diffractive imaging of

nanoparticles and 

clusters

Resonant inelastic

X-ray scattering

X-ray

absorption/emission

Resonant inelastic

X-ray scattering

X-ray photoemission

Spectroscopy from

surfaces

X-ray photoemission

spectroscopy and 

k-microscopy

Instrument pioneered

at FLASH spreads in 

the FEL world

(going to EuXFEL

and LCLSII)

MML – Rossnagel 

talk

FLASH moved from open 

port facilty with user

delivered instruments to

facility owned instruments

over the years.
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We provide very flexible instrumentation.

| FLASH | Markus Guehr, Feb. 12th 2025
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FLASH  - support in beamline, instrument, and data

We don‘t only offer x-ray light, 

but:

• Beamline and optical lasers

• Instrumentation which can be

tailored to your samples

• A rich data analysis library for

user during and after 

beamtime

All you need to do is getting in 

contact with us

AND THEN

Write a proposal
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Thanks for your attention

Thanks to the team at FLASH

Thanks for your attention!


