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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

1 *

TTTU

T =
n —-9-
T~

A

Energy

Ground

Ground State

State
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Nuclel couple to electrons

1 *
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Tk
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Gerhard
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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

>
DESY. Napoli Physics Colloquium 15.04.2024 | Markus Giihr Reaction coordinate
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FLASH allows element and site spefific electronic probing

F@ harmonic

He 1s

TM edges

10000 eV

He

lium

1000 eV

on e(\e"g\;

Li

lithium

1eV

francium | radium

neptunium |plutonium

actinium | thorium |p inium| uranium




FLASH allows element and site spefific electronic probing

He 1s

10000 eV

1000 eV

1eV

ore via core ionization

Resonance 0 valence states

Photoelectron spectroscopy




FLASH allows element and site spefific electronic probing




FLASH makes electronic molecular movies

Charge difference plot

Ground
state

DESY. Napoli Physics Colloquium 15.04.2024 | Markus Guhr
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FLASH makes electronic molecular movies

DESY. Napoli Physics Colloquium 15.04.2024 | Markus Guhr
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Mayer, Lever, Picconi et al.

Nature Comm. 13, 198 (2022)
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Delay [fs]

FLASH makes electronic molecular movies
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Oscillations exhibit coherent molecular dynamics

Mayer, Lever, Picconi et al.
Difference signal (arb. units)
005 010 015 oo o5 Nature Comm. 13, 198 (2022)

CASPT2
ADC2

Delay (ps)

I 1
97 98 99 100 101 102 0.0 0.1 0.2
Kinetic energy (eV)

0!4 0.5 0.6
nm* population

T
0.3

Simulations:
Mai, Marquetand, Gonzalez, J. Phys. Chem. Lett. 7, 1978-1983 (2016)
DESY. Napoli Physics Colloquium 15.04.2024 | Markus Gihr Mai et al. J. Chem. Phys. 147, 184109 (2017)

21



Coupling of electrons and nuclel determines photochemistry

Difference signal (arb. units)
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Mai et al,
J. Phys. Chem. Lett. 7,
1978 (2016)

>

Mayer, Lever, Picconi et al.
Nature Comm. 13, 198 (2022)
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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
. 0 )
DESY. Napoli Physics Colloquium 15.04.2024 | Markus Guhr Reaction coo rd Inate 25
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Coulomb Explosion Imaging

UV excitation X-ray probe

( one molecule
g+) in focus
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Coulomb Explosion Imaging

UV excitation X-ray probe

_ one molecule
. in focus
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Coulomb Explosion Imaging

Courtesy
Till Jahnke
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Reconstruction
of 3D momentum

one molecule
in focus

29



Coulomb Explosion Imaging

Courtesy
Till Jahnke

Reconstruction
of 3D momentum

Time of flight

cos(O)

0 50 100 150 _ one molecule
@ @ in focus

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

“' 150 -100 -50
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First the ring Is puckering to go through

the conical intersection...

I 2

H9

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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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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Travelling through timescales

%
1015 1012 10 10 103 100

Seconds
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Travelling through timescales

10 Nanosekunden 40 Millisekunden

1015 10-%2 10 10° 103 100 sec

Edgerton, 1964 Muybride und Stanford, 1876
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Travelling through timescales

10, Femtoseconds

106




Working principle of a Free Electron Laser
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Working principle of a Free Electron Laser

- - T .—:,;—w— el \ 32 e'\ & ‘. " —

i i «Pancini era divenuto sostenitore del fatto che gli apparecchi
? sl dovevano costruire completamente in casa, perché... per

I+ fare della buona ricerca sperimentale bisogna sapere come
o gli apparecchi sono fatti e percio non acquistarli.»
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https://it.wikipedia.org/wiki/Giovanni_Boato
https://it.wikipedia.org/wiki/Genova

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

iidhil A\ R 3 9 5
Superconducting accelerator
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Working principle of a Free Electron Laser

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

e
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Undulator !
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FLASH - support in beamline, instrument, an
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/l
( DESY. )
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PETRAIII

FLASH

News and Research Highlights

Operation Status

Schedules

FLASH Parameters

Beamlines

Instruments

Permanent endstations

URSA Instrument

MUSIX

FLUXS

_Photon Diag
DAQ and co
Publications
Internal

PETRAIN & F

PETRAIV Pk

Deutsches Elektronen-Synchrotron DESY
A Research Centre of the Helmholtz Association

USERS' AREA | NEWS & EVENTS | FACILITIES | RESEARCH | ABOUT US | INTERNAL

Home / Facilities / FLASH / Instruments / Maobile "semi-permanent” endstations

Mobile "semi-permanent” endstations

Measurement Typic

Name Discipline i
techniques bean

Photoelectron
Condensed Spectroscopy

WESPE Matter (PES) PG2
Surface Time of Flight also | PETRAIII
Physics (TOF) FLASH
Spectrometer

News and Research Highlights

Operation Status

Schedules

FLASH Parameters

mlines

PG Beamlines (FLASH1)

BL Beamlines (FLASH1)

THz Beamline (FLASH1)

Beamline FL24

Beamline FL26

XUV Split-and-Delay Lines

Optical laser systems

Vacuum Guidelines

Photon Diagnostics

DAQ and controls

Publications

Internal

PETRA Il & FLASH SCHEDULES

PETRA IV PROJECT

FLASH2020+ PROJECT

AN SITE INEDAQTDIINTIIDE

DOOR »
Deutsches Elektronen-Synchrotron DESY
AResearch Centre of the Helmhaltz Association
Q = &

USERS' AREA | NEWS & EVENTS | FACILITIES | RESEARCH | ABOUT US | INTERNAL

Home / Facilities / FLASH / Beamlines / FL Beamlines (FLASH2) / Beamline FL23

Beamline FL23

The new FL23 pulse-length preserving double-grating monochromator beamline is an
open-port variable micro-focus beamline covering the FEL wavelength range of 1.2 —
20 nm (including FEL harmenics). The double grating monochremator design of FL23
will provide a narrow spectral bandwidth of the FLASH2 photon pulses while
preserving the ultrashort (FEL) pulse duration of less than 50 fs. A Kirkpatrick-Baez
mirror system employing bendable mirrars focuses the menochromatized radiation
down to approx. 5 x 5 um beam size at the target, independent of the monochromator
slit. Due to a moveable exit arm, the monochromator can be used in double- or single-
grating configuration. The latter allows higher throughput and is particularly interesting
when using harmonics at short wavelengths.

Photon Beam Parameter
(Baseline Configuration)

3.5 - 20 nm (down to 1.2 nm including
Photon energy

DESY. Napoli Physics Colloquium 15.04.2024 | Markus Guhr

d data

We don‘t only offer x-ray light,
but:

« Beamline and optical lasers

» Instrumentation which can be
tailored to your samples

» Arich 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

49



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 ImJ per bunch

THz undulator

Optical lasers

X-ray split and delay




amllnes nd flxed mstrum nts.
*?22' \

FL23, G. Brenner ' FL24, M. Kuhlmann | FL26, U. Fruhllng

open port o ==L == Open port ' ‘\1 Fixed instrument
o Pulse front tilt - )., Highest intensity T m Reaction microscope (REMI)
- compensating | -, shortest wavelength ~ HHG VUV source

" monochromator

 FLASH2 optical
- Laser
G. Cirmi
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FLASH2 beamlines
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| FLASH | Markus Guehr, Feb. 12th 2025

DESY pioneered the use of multi-pass cells. FLASH

normalized spectral evolution

0.8

 FS-LA pioneered MPC for Yb lasers

* Future FLASH1 pp laser also based on MPC and
harmonics thereof

pressure (bar)

980 1000 1020 1040 1060 1080
lambda (nm)

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

Y, /~< «  Up to ImJ@100kHz, 1030nm, harmonics available

M. Seidel et al., Ultrafast Science 754919 (2022).
M. Seidel et al. Laser & Photonics Review 16 (2022).
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| FLASH | Markus Guehr, Feb. 12th 2025

We provide very flexible instrumentation. FLASH

Diffractive imaging of OEEZ? Resonant inelastic
GCJ nanoparticles and X-ray scattering
= clusters @ SR FLASH moved from open
= A e port facilty with user
- I ey delivered instruments to
= gy facility owned instruments
X ‘ over the years.
= Mirror Sample  Phot
TRIXS
S. Dziarzhytski
— o X-ray
X-ray photoemission X-ray photoemission absorption/emission
spectroscopy and Spectroscopy from 1
o -microscopy surfaces | Resonant inelastic
% Instrument pioneered X-ray scattering
c at FLASH spreads in

the FEL world
(going to EuXFEL

_.J andLCLSIl
HEXTOE ~ MML - Rossnhagel
D. Kutnyakhov talk L. Wenthaus

DESY. Napoli Physics Colloquium 15.04.2024 | Markus Giihr 5



| FLASH | Markus Guehr, Feb. 12th 2025

fixed to beamline

mobile

‘»U Reaction microscope
4§ Coincidence
A4 spectroscopy of

y electrons and ions

- Magnetic bottle
spectrometer

X-ray photoelectron
spectroscopy

DESY. Napoli Physics Colloquium 15.04.2024 | Markus Guhr

MULTIP

Sven Toleikis

We provide very flexible instrumentation.

Velocity map imaging

i . of electrons and ions

X-ray transmission

Universal chamber for
gas and solid
samples

HHG abs
Ch. Papadopoulou

EUV absorption
spectroscopy

HHG continuum and
FEL pulse overlap

Liquid jet instrument

X-ray absorption and
emission

RIXS

56
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Mobile "semi-permanent” endstations

Measurement Typic

Name Discipline i
techniques bean

Photoelectron
Condensed Spectroscopy

WESPE Matter (PES) PG2
Surface Time of Flight also | PETRAIII
Physics (TOF) FLASH
Spectrometer

News and Research Highlights

Operation Status

Schedules

FLASH Parameters

mlines

PG Beamlines (FLASH1)

BL Beamlines (FLASH1)

THz Beamline (FLASH1)

Beamline FL24

Beamline FL26

XUV Split-and-Delay Lines

Optical laser systems

Vacuum Guidelines

Photon Diagnostics
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Internal

PETRA Il & FLASH SCHEDULES

PETRA IV PROJECT

FLASH2020+ PROJECT
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Beamline FL23

The new FL23 pulse-length preserving double-grating monochromator beamline is an
open-port variable micro-focus beamline covering the FEL wavelength range of 1.2 —
20 nm (including FEL harmenics). The double grating monochremator design of FL23
will provide a narrow spectral bandwidth of the FLASH2 photon pulses while
preserving the ultrashort (FEL) pulse duration of less than 50 fs. A Kirkpatrick-Baez
mirror system employing bendable mirrars focuses the menochromatized radiation
down to approx. 5 x 5 um beam size at the target, independent of the monochromator
slit. Due to a moveable exit arm, the monochromator can be used in double- or single-
grating configuration. The latter allows higher throughput and is particularly interesting
when using harmonics at short wavelengths.

Photon Beam Parameter
(Baseline Configuration)

3.5 - 20 nm (down to 1.2 nm including
Photon energy
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We don‘t only offer x-ray light,
but:
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» Instrumentation which can be
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