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= The question was:
Does a horse lift all four hooves off
the ground at the same time during a
gallop?
More than 50 cameras with electrical
triggers were used along the horse-
racing track

E. Muybridge, Animals in Motion, ed. by L. S. Brown (Dover Pub. Co., New York 1957).
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Nl f you donot under s
study structureo

(Francis Crick)

Function=a sequence of events over time,
characterised by structural modifications

nlf you want to under
time-dependentst r uct ur es

Time resolution Spatial resolution
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XFEL I What are the fundamental timescales?
Chemistry and Biochemistry

Photosynthes|s

| Molecular
ol Vibrations Protein Folding( ' =

Strings, Particle Molecular Rotations
Cosmology Collisions

Electron dynamics
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Time /seconds
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Solid excited by a short laser pulse at the energy below
melting threshold

1015 1014 1013 1012 1011 1010

+—r

Energy absorption  Optical Acoustic Strain
by electrons phonons phonons propagation

time /s

Optical Phonons:
first response of nucleus to fast excitation of electrons

Coherent Phonon Dynamics:
Laseri nduc edchacierd exci tati or
followed by coherent vibration
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Structural Dynamics of Photoexcited States

— Detector
Probe A_, L .

Energy

Knowledge of molecular structure
becomes inherently difficult when
system increases in size!

Internuclear Distance

Tools: FemtosecondPump-Probe Spectroscopy
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From Time-Resolved Optical Spectroscopyt o é

é T 1 nResolved Structural Technigues

Ultrafast Electron Scattering and
Diffraction

Ultrafast X-ray Scattering and
Diffraction

Ultrafast X-ray Absorption/Emission
Spectroscopy
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XFEL ] X-ray Absorption/Emission Spectroscopy

Anymedia:Li qui ds, Sol i ds, GasesE§e
Element specific: Absorption Edge

Electronics structure: Valence orbitals, spin

Geometric structure: Bond distances/angles, ligands

structures !!
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X-Ray Absorption/Emission Spectroscopy
Singles Out Reaction Center ...
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Towards ultrashort x-ray pulses

p
Ul??p
~— Fast
Detector
Long Probe
_ Sample
/

Short Probe

\ Sample

Femtosecond X-ray Streak Cameras

2-10psiroutineo res

O.7psicommerci al o
150-300 fs in lab

Femtosecond X-ray Sources
Laser plasma sources (~100 fs)
3'd generation SR sources:
Femtosecond electron bunch slicing
X-Ray Free Electron Lasers
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Femtosecond tunable hard X-rays at SLS

6. Ingold, P. Beaud, 5. Johnson, R. Abela
Swiss Light Source, Paul Scherrer Institut, 5232-Villigen Switzerland
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P. Beaud, S.L. Johnson et al. PRL (2007)
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Some specifications . ,
APhoton energy 0.41 12.4 keV o
APulse duration <100 fs Seicovis ol
APulse energy few mJ —G
Asuper-conducting accelerator s
A10 Hz/4.5 MHz (27.000 b/s)
A5 beamlines/10 instruments

start version with 3 BLs

and 6 instruments

\

Melner-

Deutsches
Elektronen-Synchrotron
DESY

AVarious extensions possible
Seedlng tgg§§:es§f2:;r / _.e_

Experiments

more instruments electrons
First beam 2014 | - SASE 1 }\ .
Start of user operation 2015 “oar Lemm o
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s = |cctron tunnel €& electron switch

European XFEL layout

photon tunnel ® electron bend

i - undulator I electron dump

™
1,1\\1“““ :
SPB e e ecues
-lthmummmn :
and Dyramics

SCS q
linear accelerator SASE 2 SASE 1 SASE 3 experiment
for electrons (17.5 GeV) 0.1 nm = 0.4 nm 0.1 nm 0.4 nm = 1.6 nm stations

Source | Instruments Photon beam line characeristics

SASE 1 SPB, MID | FEL radiation ~12 keV; High coherence; Spont. radiation (3", 51" harm.)

SASE 2 FXE, HED | FEL radiation 3-12 keV; High time-resolution; Spont. radiation (3", 5" harm.)

SASE 3 SQS, SCS | FEL radiation 0.4 71 3 keV; High flux

FEL radiation 0.4 17 3 keV; High resolution
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Electron bunch delivery
Pulse distance
220 ns == 4.5 Mhz
27.000 pulses/s

Advantages for user operation
Enables intra-bunch feedback
Simultaneous user experiments

Large number of delivered FEL pulses
¢ Combination of peak & average brilliance
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Time pattern of the accelerator

dump beamline
|Iinacbunchtrain| switch | |switch
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— Y T
BL2& Inst BL1&Inst feedback

100 ms 100 ms

600 us
]W — WI.WM W”mm

//\\\ l

/ \\ X-ray photons
// 2oﬁ\/ ,\ " |1oo fs
l\ R ‘>
.\\\_.//' \\_/

process

beam line #2

|||||||| beam line #1
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Bunch train structure for biological crystallography

burst mode 4
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Courtesy: Alke Meents (PETRA-3, DESY)
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Application Areas
- ultrafast chemical dynamics (biology)
- solid state dynamics (phase transitions, spin conversion)

Combine XRD with x-ray spectroscopies
- global (local) structural information

- electronic and spin information

- all with fs time resolution

Flexible incoming beam
-0.17 0.5 mm diameter (gas phase/cluster A Xtals)
- rectangular profile (liquid jets, dispersive XANES)

Endstation should simultaneously allow
- XRD (LPD, AGIPD)
- XES/XAS/IXS (1D suitable)

and include all-optical diagnostics (pp, fs-f | uor , &)
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Combine Femtosecond
-XRD

-XAFS (XANES)
-XES, RIXS, ..

UNDULATOR SAMPLE

AR LR EE
EIENEER
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Possible ingredients to the FXE endstation

Detection scheme:
Jono| 1D detector [} _ Sample | 85 gegree Bragg angle XANES received a quite
T ™. 25 eV range
wl di§2§F§iﬁn [0 | mmens e Igrge dgmand, thusa 1l %
/ i 0.6 eVimm dispersive setup would be
E 600( ,}'-" -] pixel size 0.5 mm I : d
= e 2 0.3 eVipixel most Yy appremate
400\\ » Perfect for 1 eV resolution!
200] \ | LPDdetector OK
] Analyser e
ooyl
-900 0 500

X (mm)

Combination of two spectrometers

GaAs 400 Crystal Spectro-Polarimeter

Resolution
2D detector | spectral: 0.2 eV at 4500 eV
CCD or film) & spatial: ~5 pm 10cm

Range: 4490 .. 4530 eV
Efficiency: Ny / Ny = 1.9*105

2D detector
for s-polarized radiation
(CCD or film)

December 10th, 2009 - XFEL Budapest UIf Zastrau et al.
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Towards more complex systems
(Nanostructures, Surfaces/Interfaces, Biology in Physiological Me d i a ,
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X-ray Absorption : quick reminder

Absorption Coefficient

Incident Photon Energy
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XFEL | X-ray Absorption Near Edge Structure

Normalized Absorption Coefficient /a.u.

7100 7150

1)

2)

XANES

Element specific:

Absorption edge

Electronic structure:
Density of unoccupied
states

Valenceorbitals
Degree of oxidation
Local symmetry

X-Ray Photon Energy /eV
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XFEL | X-ray Absorption Near Edge Structure

Normalized Absorption Coefficient /a.u.

XANES

3) Bond distances/angles:

7100 7150

Multiple scattering

(low-energy photoelectrons)

Resonances above ionization
threshold

X-Ray Photon Energy /eV
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A Pump Pulse
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,——SWISS Light Source

T = 960 ns
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t >
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XFEL ] Laser-pump X-ray-probe Setup (SLS)

500 F

Work in disordered/dilute systems
Sample refreshed for each laser shot 0

-200 ¢

Gaweldaet al,
AIP conf. proc. 881, 31 (2007)

-100 1
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Light-induced spin crossover in Fe(ll) complexes

A
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high-spin low-spin Fe-N Bond Distance
Excited (Quintet) State Ground (Singlet) State
S=2 S=0
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XFEL ] Low-spin—high-spin transition (and back)
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Gaweldaet al, Phys.Rev.Lett 98, 057401 (2007)
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