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This Meeting forms part of a series of workshops aiming at discussion of 
scientific cases and designs of the European XFEL instruments.  

This Workshop brings together potential users of the SCS instrument with 
purposes: 

- to review the areas of application of the instrument  

- to identify beam parameters and requirements to the experimental 
station(s) from the side of different experimental techniques 

- to constitute user community and set user groups for close interaction with 
the European XFEL in developing equipment and facilities related to 
spectroscopies and coherent scattering experiments in the soft X-ray range 
of radiation 

Scope of the Workshop
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European XFEL
SCS Workshop

86 participants

Speakers or 
Participants from

14 countries

Students, 
PhD Students and 
Junior Scientists

14 bursaries

Number of 
Participants from

Germany - 27
Switzerland - 22

Russia - 12

Statistics
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SASE 1 
tunable, planar 

0.1 nm 

SASE 2 
tunable, planar 

0.1 – 0.4 nm 
U 2 

U 1 

e- 

electrons
17.5 GeV 
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SASE 3
tunable, planar

0.4 – 1.6 nm 

e- 

SASE4: 
“ww”/VUV 

Can be placed in one of the tunnels for spontaneous undulators U1 or U2.
Can use spent beam after SASE2.
Attractive feature: extremely high energy in the radiation pulse, about two orders of magnitude
above project value of FLASH (500 uJ). SSY, TESLA FEL 2004-02

Introduction Session, „Expected Properties of Radiation from
SASE3 Undulator“, E. Saldin, E. Schneidmiller, M. Yurkov
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Beam line

~30 m≠ 0≠ 1~100%Planar + Helical

~10 m01>10%Helical

+ ~ 6 m0 m>2%~ 0.95~10%Crossed 
Planar

+ ~3 m0 m≠ 0≠ 1~10%Planar + 
Crossed Planar

~40 m?? ~100%8 Å Planar + 4 
Å Helical

~80 m01~100%Full helical

~100 m50~100 GW
100%

Planar Und. 
(start-up)

Planar Und. 
Length

Helical Und. 
Length

Polarization
Fluctuation

S3/S0PowerScheme

Based on the SASE3 start up scenario, there are several helical polarization solutions:

ω 2ω

Introduction Session, „Options for Circular Polarization at 
SASE3“, Yuhui Li
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energy range: 0.2 to 3.1 keV
high flux 1e14 ph/pulse @ at 200 eV
possible circular polarization
2 branches: pink beam + monochromatized
Large user community: SQS, SCS=> different requirements

focusing 
monochromatization

Introduction Session, „Light Monochromatization Options 
at the SASE3 Beamline“, J. Gaudin
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S. Notbohm et al., PRL 98, 027403 
(2007).homogeneous cross-

section over the full
Brillouin zone ! 

RIXS from Sr14Cu24O41

low sensitivity for
small q-transfer

INS: two-triplon from
La4Sr10Cu24O41

J. Schlappa et al.
submitted to PRL
arXiv:0901.1331

Photon-in/Photon-out & Electron-out Spectroscopies, „RIXS 
from 3rd to 4th Generation Experiments“, Th. Schmitt, PSI
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detector (L-N2 cooled CCD)
on movable frame

rotating platform on air cushions (5 positions) 

spherical 3200 lines/mm VLS grating
entrance 

slit
sample

Super Advanced X-ray Emission Spectrometer (SAXES) on rotating platform: 
collaboration of SLS / PSISLS / PSI with Politecnico di Milano (L. Braicovich et al.) and EPFL 
Lausanne (M. Grioni et al.)

SAXES
Swiss Light Source

Politecnico di Milano
&

G. Ghiringhelli et al., Rev. Sci. Instrum. 7777, 113108 (2006).

CCD 
camera

Photon-in/Photon-out & Electron-out Spectroscopies, „RIXS 
from 3rd to 4th Generation Experiments“, Th. Schmitt, PSI
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Perfetti et al., PRL 97 (2006) 067402

Electronic structure of 1T-TaS2 at a temperature above MI transition

pump-probe experiments,
relaxation of “hot” electrons

Photon-in/Photon-out & Electron-out Spectroscopies, „Time-
Resolved Photoemission of Solids“, M. Wolf, FHI
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Electronic structure of 1T-TaS2 at a temperature below MI transition

Perfetti et al., PRL 97 (2006) 067402
pump-probe experiments, electron-
system oscillations

Photon-in/Photon-out & Electron-out Spectroscopies, „Time-
Resolved Photoemission of Solids“, M. Wolf, FHI
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Photon-in/Photon-out & Electron-out Spectroscopies, „Spec-
troscopis Studies of Complex Materials … “, Z. Hussain, ALS
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Imaging, Dynamics & Photon Correlation Spectroscopy, „2D 
Membrane Flash Crystallography … “, C. Kewish, PSI
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Imaging, Dynamics & Photon Correlation Spectroscopy, „2D 
Membrane Flash Crystallography … “, C. Kewish, PSI

Ptychographic CDI
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Imaging, Dynamics & Photon Correlation Spectroscopy, 
„Multidimensional Att. Spectroscopy …“, Sh. Mukamel, PSI
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Imaging, Dynamics & Photon Correlation Spectroscopy, 
„Correlation, Complexity …“, S. Kevan, Uni. Oregon
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WG I:   Photon-in/Photon-out & Photon-in/Electron-out 
Spectroscopic Experiments
(Chairs W. Wurth & Z. Hussain)                   35 participants

WG II:  Imaging, Dynamics & Photon Correlation Spectroscopy: 
Biological Objects
(Chairs I. Schlichting & I. Vartaniants)         12 participants

WG III: Imaging, Dynamics & Photon Correlation Spectroscopy: 
Magnetic Systems
(Chairs G. Grübel & J. Luning)                    19 participants

Definition of Working Groups
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∇ Areas of scientific applications:
studies of atomic, electronic structure and dynamics of nano- and 
correlated systems as well as of non-reproducible biological objects 
were confirmed.

∇ As experimental techniques: 
elastic and inelastic, resonant and non-resonant X-ray scattering and    
diffraction as well as photoelectron and photon correlation
spectroscopies in time-resolved and -integrated modes
were suggested.  

∇ It was underlined that combinations of various suggested experimental 
techniques should be used to mostly efficiently explore the scientific 
areas of the SCS application.

Obviously the conclusions should be further reviewed in the light of future 
results from FLASH, LCLS and SCSS. 

Scientific Applications & Experimental Techniques
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∇ Energy range: for spectroscopic biological and magnetic experiments one needs
photon energy range below 800 eV downwards to 400 eV (L edges of transition metals) 
or even 250 eV (C edge), upwards to 2000 eV (M edges of the rare-earth). For biological 
imaging up to 3000 eV. One soft X-ray undulator is not enough! 

∇ High energy resolution: is of highest important for spectroscopic experiments that 
do not need naturally monochromatized light.

∇ Beam size: different beam sizes starting from 100 μm downwards to less than 100 nm 
are highly desirable. A possibility to tune beam size in one experiment was requested.

∇ Pulse duration: from 100 fs to <10 fs (latter to probe dynamics of electron system).

∇ Repetition rate: although 5 MHz are desired to perform time-integrated experiments or 
measurements of diluted samples, quite a number of experiments can and is willing to be 
done with ~10 Hz rep. rate. 30 kHz is optimum for study of relaxation of secondary 
excitations or particles spectroscopic analyses with TOF techniques. 

∇ Light polarization: circular light polarization is necessary for studies of magnetic
samples and symmetry properties of other samples. 

Photon Beam Parameters
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∇ Spatial separation of instruments using photon beam with/without 
monochromatization was confirmed. Space limitations!

∇ Spectroscopic community is going to use only the branch with 
monochromator. Two separate endstations, RIXS and PES, are required. 

∇ Separate endstations are necessary for different WGs. Thereby the users 
are aware that to compliment basic configurations provided by European    
XFEL they should purchase themselves missing equipment. 

∇ Free ports to mount equipment brought by users should be foreseen. 

Instrumentation Requirements
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Jun, 09 Workshop in Villigen, rough concept of the SCS instrument, 
formation of user community. 

end 09 Conceptual design of the SASE 3 beam transport system. 

end 10  Technical design of the SASE 3 beam transport system.  
Conceptual design of the SCS instrument. 

end 11 Technical design of the SCS instrument.

end 13 The SASE 3 beam transport system and the SCS instrument are 
ready for installation.

2014 Initial beam and pilot experiments.

2015 Full operation.
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