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Introduction

Brilliance (about 9 orders of magnitude higher
than 3 generation syncrotron radiation)

Time resolution: FEL pulse duration ~ 100 fs

Full spatial coherence

Availability of the polychromatic spontaneous
emission
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Figure 3: On-axis peak flux of the spontaneous VUV-EUV undulator
radiation for the first three harmonics compared to the on-axis peak flux
of the SASE emission at the fundamental wavelength, i.e. 10 nm.
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Beamline Layout

THz Labs

Figure 1: Schematic layout of the Thz beamline. It originates from the
bending magnet before the beau-dumper and it is located in the hall
above the undulators
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Radiation damage
interferes with atomic

scattering factors and
atomic positions




Figure 2: High resolution X- ray diffraction patterns from a single fibre
from frog skeletal muscle at rest (left) and during isometric contraction
(right). The patterns have been collected on a CCD detector at the
BioCAT beamline of the Advanced Photon Source, Argonne IL, USA, The
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FEL monochromatic lines are superimposed to a strong
white background (graph from DESY website)

EE| LI || 1 1 1 1 | [ P | || 1 1 I 1 { [ | || I 1 1 1 | I I?
S5 2 SASE 5 5 )
= _E (B GeY, =107 cm) - E
: é 5 o
& i b SASE 4 1l 1p* @
-f'.”_: 10 2 {15GeV, =§om) E = E—
B E SASE 1 1 e
ﬁ EE (30 GeY, =&cm) 1; ;
L o T n2¢ &
s 107 = 3 10 :
= = : @
= : ‘ &
) 3 LI
o - 5 =
E 10 L < 107 ‘""TEI

= s = oH
) W . W

1[]12 e ] R WO e O 2 e | i g o jlgsi] | |||||_1[]m
10° 10t 10° 10°

Energy [eV]




Schematic setup of the experiment
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The delay time 7 is to be considered as a random variable. The only constrain is
that t must be shorter than the sweep time of the streak camera (otherwise the two
pulses cannot be both visualized in a single scan).

Therefore, instead of fixing t deterministically and a priory, for instance through a
delay line, it 1s measured a posteriori as the sampling of a stochastic variable (like in
the Montecarlo method).

In this way, the T-space is progressively populated by repeating many times the
diffraction experiment (construction of the ensemble of events by many repetitions of

17
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Difference between coherent imaging tecniques.
Microscopy, coherent diffraction, holografy.
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Single Molecule Imaging by X-ray Heterodyne
T. Shintake, PR-E 78, 041906 (2008)
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Figure 1. Principle of holographic microscopy of single peptides. The
protein is linked to an amorphous gold particle that provide a reference
spherical wave for the holographic recording of the diffracted X-ray FEL

beam (with kind permission of T.Shintake).
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Figure 1. Laminar dense plasma produced by a X-FEL pulse. High density
low temperature plasmas. Studies of transport phenomena in degenerate
plasmas.
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Where we are ( ):
temptative time schedule
2008 TdR completed

207
207
207
207

0 beginning of the building
1 Infrastructures
2 assembling of the components

3 commissioning and first test
experiments

2014 full operation of the machine

(phase |, VUV)




A proposal may be to further enhance one of the properties
of FELs, for instance its time resolution

Electronic transitions are regarded as instantaneous on the
time scale of atomic motions (Bohr-Oppenheimer
approximation)

This holds for studies carried out with current FEL pulses.
However, 5th generation FELs might reach the sub-
femtosecond regime, allowing a direct observation of

electronic rearrangements.
25
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Physikalische Chemie 26

http://www2.uni-siegen.de/~pci/lehre/apctc101204.pdf
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