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I. Introduction  
 
The first International Workshop on the Spectroscopy and Coherent Scattering Endstation (SCS) 
and associated instrumentation at the European XFEL was held at the Paul Scherrer Institute in 
Villigen, Switzerland, on June 2-4, 2009. The scientific program started out with a general overview 
about the European XFEL project, the start-up conditions for the soft x-ray Spectroscopy and 
Coherent Scattering (SCS) station and the expected performance of the soft x-ray undulator SASE3. 
These presentations were complemented by status reports on the polarization control project, the 
development of area detectors, and an overview about beam handling and focusing optics as well as 
monochromator options. Three sessions on scientific challenges, envisioned to be addressed with 
the instruments of the SCS station, completed the program of the first half of the workshop. In the 
following, the audience split up in three working groups to discuss specific aspects of the 
envisioned scientific areas of the SCS station. The working group topics were  
¥ Photon-in/Photon-out & Electron-out Spectroscopic Experiments (WG I) 

co-chaired by W. Wurth and Z. Hussain 
¥ Imaging, Dynamics & Photon Correlation Spectroscopy: Biological Objects (WG II) 

co-chaired by I. Schlichting and I. Vartaniants 
¥ Spin, charge and orbital dynamics in complex materials by resonant elastic scattering (WG III) 

co-chaired by G. GrŸbel and J. Luning 
 
The program of Working Group III started out with two short presentations on open scientific 
questions in the context of correlated materials (C. Schuessler-Langeheine, U. Kšln) and magnetic 
nanostructures (M. Klaeui, U. Konstanz) and how these could be addressed by resonant elastic 
scattering at the European XFEL. These presentations stimulated a vivid discussion, which was 
structured along the following questions: 
¥ What scientific applications are to be addressed by resonant elastic scattering at the E-XFEL? 
¥ What requirements does this imply for the instrumentation of the SCS station? 
¥ What performance of E-XFEL does this require? 
 
The present report summarizes results and conclusions of these discussions. Participants of this 
working group, who represented about 30% of the present workshop attendees, are listed in 
Appendix II.  
 
It has to be noted that this workshop took place only a few weeks before the start-up of the world's 
first hard X-ray free electron laser, the Linac Coherent Light Source (LCLS) at Stanford. And only 
about a year before commissioning of the Soft X-ray Materials Science instrument, which is LCLS' 
analog of the here discussed SCS instrument. Clearly this circumstance has important implications 
for the SCS instrument and the discussions summarized in this report. On one hand, part of the 
scientific applications discussed today will have been addressed when commissioning of the SCS 
instrument will take place in 2014. On the other hand, this is a unique opportunity, since new 
scientific applications inconceivable today will have surfaced and the design of the SCS instrument 
can take full benefit from the experiences gathered during the first years of LCLS operations. The 
participants of this working group therefore decided not to devote too much time on the discussion 
of specific instrumentation details, which will solve themselves in the near future. Instead, the 
audience decided to focus on the discussion on how the SCS instrument and the European XFEL 
could go beyond what is or may be possible to do at LCLS. 
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II. Scientific Motivation  
 
The SCS instrument is supported by a well-developed scientific case, which has been defined over 
the past years and favorably evaluated at several occasions. A recent, comprehensive summary is 
laid out in the technical design report of the European XFEL (see http://xfel.desy.de/tdr/tdr/). The 
actuality of this scientific case was confirmed by the talks presented during the general part of the 
works as well as those presented at the beginning of the working group session.  
 
The particular strength of resonant elastic scattering techniques at a x-ray free electron laser is their 
capacity to look at ultrafast dynamics occurring on sub-micrometer length scale. In particular, not 
only deterministic, thus reproducible aspects of equilibrium and relaxation dynamics, but also their 
non-deterministic, chaotic components are for the first time accessible.  
 
One corner stone of the scientific case for the SCS instrument 
is the understanding of ultrafast magnetization and spin-
manipulation phenomena, which is today a key area of 
fundamental as well as applied magnetism research. Since the 
first observation of Ôultrafast spin dynamicsÕ by Beaurepaire 
et al.  in 1996 [1], reproduced in Fig. 1, the phenomenon of 
ultrafast demagnetization upon non-thermal optical excitation 
has been intensively studied and also controversially 
discussed. First experiments used optical femtosecond lasers 
[2], and more recently fs-slicing x-ray sources have been 
employed [3]. New insight into this longstanding discussion 
has been facilitated by the capability of x-rays to differentiate 
between changes in the electronic and the spin structure [3]. 
However, the flux at fs-slicing x-ray sources is presently only 
large enough to observe a change in spectroscopic contrast 
while prohibiting spatially resolved insight into the 
demagnetization process. This photon flux limitation is 
severe and inherent to the slicing process. Even if we 
speculate that progress in slicing sources would achieve over the next years (until XFEL will turn 
on) the highest scientifically possible increase in photons per pulse, single shot investigation of 
magnetic phenomena with sub-micron spatial resolution would still be impossible.  
 

Intimately related to ultrafast demagnetization is fs-laser 
induced all-optical switching [4], see Fig. 2, which opens 
up a new avenue for manipulating magnetization, and 
thus magnetically stored information, as fast as possible 
[5]. Basic insight into these questions can be expected if 
one can clarify the coupling mechanisms for the transfer 
of energy and angular momentum within and between the 
electronic system, the spin system and the lattice of a 
magnetic solid. The involvement of the electronic system 
implies that indeed the first tens of femtosecond after 
optical excitation are of crucial importance. X-ray 
techniques are expected to be pivotal to address these 
questions, as they provide elemental selectivity and can 
discriminate between angular and spin momentum [6]. 

 

Fig. 1: First observation of femtosecond 
spin dynamics by Beaurepaire et al. [1]. 

 

Fig. 2: Demonstration of all optical magnetic 
recording by Stanciu et al. [4] using circularly 
polarized femtosecond short laser pulses. 
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Furthermore, short wavelength in conjunction with high brightness and fs pulse duration will enable 
real and reciprocal space experiments at XFEL addressing the relevant fs time scale with extremely 
high spatial resolution (< 10 nm). 
 
We note that even picosecond magnetization dynamics like domain wall motion, formation and 
nucleation processes possess non-deterministic and/or ultrafast components that cannot be revealed 
by today's techniques relying on the repetition of pump-probe cycles for the accumulation of 
sufficient statistics.  
 
A second corner stone of the scientific program 
envisioned for the SCS instrument concerns the role 
of charge, spin and orbital domain structures and 
their dynamics for strongly correlated materials. 
Materials with strong correlation effects and various 
degrees of freedom often exhibit several almost 
degenerate phases. Particularly interesting physics 
occurs, when different phases coexist as domains in 
a material [7]. A prominent example is the colossal 
magnetoresistance (CMR) effect in manganites. 
These systems have an antiferromagnetic insulating 
(AFI) high-temperature phase and a ferromagnetic 
metallic (FM) low-temperature phase. At 
intermediate temperatures the resistivity can be 
switched by several orders of magnitude using an 
external magnetic field. From the small switching 
field and from the observation that a certain amount 
of static disorder is required for this effect to occur 
[8], one is lead to conclude that the CMR effect does not involve a phase transition of the whole 
sample. Rather, both metallic and insulating phases seem to coexist and that the external field drives 
the system across the percolation threshold of the metallic regions [7]. Similar effects are also 
proposed to be at the origin of phenomena observed in other materials like high-Tc cuprates, and 
these are generally referred to as 'complexity' of a solid.  Effects of complexity are not only 
fascinating, but technologically attractive, too: macroscopic properties can be tuned by affecting 
only a small part of the sample, implying only small external stimuli. 
 
Not much is known about the kinetics of such phase separation effects. The treatment of domains 
with different phases that are energetically very close to another is theoretically challenging. 
Experimentally, most information so far comes from STM/STS experiments [9], which do observe 
phase separation effects, but are limited to the surface region and to quasi static cases. The 
technique of choice would be X-ray Photon Correlation Spectroscopy (XPCS), and XFEL would for 
the first time offer a suitable source to investigate such effects with the necessary temporal and 
spatial sensitivity.  
 
Resonant soft x-ray scattering has been shown to be very sensitive to phases with charge, spin, or 
orbital order [10], since the d electrons of transition metals often play a crucial role in these 
materials. Using XPCS at the corresponding superstructure reflections the dynamics of the ordered 
domain can be directly probed. As a photon-in photon-out technique XPCS allows to apply external 
fields and to study buried layers and interfaces. The latter is particularly interesting for the study of 
oxide interfaces, which have been found to exhibit properties very much different from the 
corresponding bulk materials [11] and which may open a way to tune material properties in an 

Fig. 3: Illustration of phase coexistence in strongly 
correlated materials [7]. 
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unprecedented way. From theoretical predictions and from comparison with bulk materials, for 
example in titanates [12], it can be expected that phase separation plays a role at such interfaces as 
well. 
 
Experimentally, the investigation of complexity in solids and at interfaces with XPCS requires that 
the momentum transfer can be tuned to any value between forward- and backscattering to reach the 
superstructure peaks that are characteristic for the respective phases. In order to do this with an 
acceptable detector arm length and with a beam spot on the sample that does not perturb the system 
too much, a detector pixel size well below 200 !m is required. Many experiments from oxide 
interfaces show that light 3d elements are particularly suited to tune their system properties at 
interfaces. In order to allow for experiments from these materials in the same setup as from heavier 
3d elements, a standard operating energy range of the SASE3 beamline down to 450 eV is 
mandatory. An energy resolution of 200 meV and a variable linear polarization (horizontal, vertical 
and intermediate angles) will allow making use of the high spectroscopic sensitivity of resonant soft 
x-ray diffraction to the electronic state of the scattering ions.  
 
More generally spoken, XPCS is based on the 
correlation of speckle patterns as a function of 
delay time between two pulses. In this way it 
gives access to the most simple single-time 
intensity autocorrelation function. Moreover, 
XPCS can also provide information on higher 
order time and space correlation functions which 
are important for description of, for example, the 
evolution of relaxation dynamics following an 
external pump. At XFEL, the femto- to 
nanosecond time scale can be accessed using a X-
ray split-and delay line approach, illustrated in 
Fig. 4 and discussed in more detail, for example, 
in Ref. [13]. This time-window covers typical 
spin-fluctuations like ultrafast demagnetization 
and thermal recovery of magnetic signals. 
Dynamics of 200 nanoseconds to about 600 
microseconds can be measured via the 
conventional Ôsequential/movieÕ mode given the 
existence of fast pixelated area detectors with 
readout times around 5MHz.  
 
XPCS relies on fluctuating speckle pattern which makes it robust against any kind of static 
background contribution. It is ideally suited to measure bulk, interface and surface dynamics. 
Measuring correlated intensities implies to stay below the damage threshold of the sample which 
means large beams and thus small speckle sizes.  
 
To summarize, techniques like resonant diffraction, lensless microscopy and X-ray Photon 
Correlation Spectroscopy, all relying on elastic scattering of XFEL's intense, femtosecond short X-
ray pulses, will offer a powerful suite of tools for the investigation of forefront scientific 
phenomena originating from spin, charge and orbital ordering in complex materials and their 
dynamics. 
 
 

 

 

Fig. 4: Principle of XPCS measurements by analysis of 
loss of speckle contrast in the superposition of two 
subsequent diffraction pattern. More details can be found, 
e.g., in Ref. 13. 
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III. Requirements on XFEL beam: parameters and features 
 
The SCS instrument will be located at a branch line of the SASE 3 undulator of the European XFEL 
facility. In its current design this undulator will deliver pulses of 1013 photons in the energy range of 
250 Ð 3000 eV (5.0 Ð  0.41 nm). Exploiting XFEL's high repetition rate of 30,000 pulses per second, 
the timeÐaveraged photon flux will be close to 1017 photons per second and 0.01% bandwidth, 
which is 3 Ð 5 orders of magnitude higher than achievable at today's synchrotron radiation facilities. 
 
The two branch lines of the SASE 3 undulator will serve, respectively, the experimental stations for 
Small Quantum Systems (SQS) and Spectroscopy and Coherent Scattering (SCS). A significant part 
of the discussions, which took place during the sessions of this working group, concerned the 
required and desired performance of the XFEL source. Of particular importance has been to the 
participants that full control of the x-ray beam polarization would be available Ð ranging from both 
circular to arbitrarily oriented linear polarization. The outcome of these discussions is detailed in 
the following sessions 
  
 
Photon energy range: 450 – 2000 eV  
The main energy range of interest to this community is from 450 eV to about 2000 eV which covers 
the L2,3 absorption edges of the important 3d transition metals Ti to Cu as well as the M4,5 
absorption edges of the lanthanides. It is, however, of great concern to this user community that the 
photon energy can be easily changed to enable experiments requiring resonance to different 
absorption edges. For example, for correlated materials, changing from the Cu L2,3 edges to the O K 
edge should be effortless and transparent to other XFEL users. We note that this seems to be in 
contradiction to the current SASE 3 design, which does not allow to lower the photon energy below 
800 eV at standard XFEL electron beam energy. 
 
 
Tunability:  
Essentially all experiments targeting spin, charge or orbital ordering will rely on resonance 
phenomena, i.e., the X-ray photon energy will be tuned to match a particular absorption resonance. 
Once the particular photon energy of interest has been selected, the envisioned scattering 
experiments do not require further tuning of the incident photon energy (in contrast, for example, to 
an absorption spectroscopy experiment, which would imply continuous tuning of the incident 
photon energy). We note, however, that fine tuning of the incident photon energy will require in 
most cases that the photon energy is fine tuned over an energy window of a few eV. This is 
necessary in to assure that the incident photon energy does indeed match a particular point or fine 
structure of an element's absorption structure. 
 
 
Monochromaticity: From pink beam to E/ΔE ~ 104  
Certain experiments like single shot imaging will require the highest possible pulse intensity and 
will be feasible using XFEL's inherent band width, which is expected to be around 800 eV of the 
order of E/"E ~ 500. It has to be noted that even such experiments will require shot-to-shot stability 
of photon energy and monochromaticity. We like to emphasize that true stability is more desirable 
than precise measurement of these parameters! Benchmark values would be a photon energy 
stability better than the bandwidth and less than 10% fluctuation of the monochromaticity. 
Furthermore, efficient suppression of higher harmonics will be needed. 
Other experiments relying on spectroscopic effects will require a better defined photon energy. The 
highest resolving power necessary in these experiments will be E/"E ~ 104. 
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Polarization: Circular and arbitrarily oriented linear polarization 
The investigation of spin, charge and orbital ordering phenomena in complex materials is an 
important field of activity at all of today's state-of-the-art synchrotron radiation facilities. It has to 
be noted that essentially all of these studies exploit the complete x-ray polarization control provided 
by modern insertion devices like an elliptically polarizing undulator (EPU). In contrast to this 
neither FLASH nor LCLS provides polarization control, which tremendously limits the types of 
experiments on spin, charge and orbital ordering phenomena feasible on these sources. It is 
therefore the strong opinion of the workshop attendees that by 2014 essentially the most important 
experiments feasible with linear, horizontal polarization will have been done. The workshop 
attendees therefore strongly suggest that the development of complete polarization control should 
be given highest priority by the European XFEL management. It was further noted that this is the 
most important in the photon energy range from 450 eV to about 1,500 eV, i.e., no polarization 
control for higher photon energies would be acceptable. 
As a benchmark, it was generally felt that a polarization degree of better than 90% would be 
desirable with a stability of a few percent. 
 
  

Pulse repetition rate and time structure:  
We note that the proposed time structure is well suited for studying dynamics occurring on the 200 
nano- to 600 microsecond time scale. For shorter time scales, however, a good solution is still 
missing. The femtosecond to a few picosecond time scale could be covered using a beam splitter, 
which is, however, challenging to implement in this photon energy range and will imply an intensity 
loss of several orders of magnitude. This observation brought up the question whether or not 
different bunch patterns (separate guns, split electron bunches, ...) could be imagined? 
 
  
Time resolution: better than 5 fs (all included) 
The currently envisioned scientific applications discussed during this working group require a time 
resolution of a few femtosecondes. We note that the current x-ray pulse length at FLASH is on the 
order of 30 Ð 50 fs. Furthermore, indirect measurements during the first and very preliminary Òshort 
pulseÓ tests at LCLS suggest that x-ray pulses with a duration of only a few femtosecondes have 
been produced. We are therefore confident that in 2014 XFEL will be capable of producing x-ray 
pulses of the required shortness.  
We note, however, that important development will be required to provide adequate synchronization 
between XFEL and external pumps, which will be based in general on IR femtosecond lasers. The 
ideal solution would be a deterministic synchronization, i.e., an on the femtosecond time scale jitter-
free coupling between the two systems. Measuring the jitter on a pulse-by-pulse basis and 
retroactively correcting the recorded data is significantly less desirable due to the inequivalent 
sampling of different time delays. 
 
  
X-ray Beam Splitter 
The repetition rate of the European XFEL will allow for x-ray pump Ð x-ray probe and x-ray probe 
Ð x-ray probe experiments, but the shortest available delay from the machine is 200 ns. This 
excludes access to the six orders of magnitude in time between the pulse duration and the repetition 
rate including the picosecond timescale where a wealth of dynamics in the spin, orbital and charge 
structure of correlated and magnetic solids occurs. 
Dividing a single XFEL pulse, delaying one of the two resultant pulses and spatially recombining 
both pulses onto a sample is a viable means to accessing picosecond scale dynamics. Thus far 
wavefront division beamsplitters, implemented as half illuminated mirrors, have proven successful 
at XUV wavelengths at FLASH.  When coupled with a Mach-Zehnder interferometer delays of up 
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to 20 ps with sub femtosecond resolution have been demonstrated [14]. Scaling this current design 
to operate with soft x-rays at the XFEL is possible, but will require a long (5-10 m) section of 
beamline for sub 10 ps delay generation. 
Soft x-ray delay lines are very promising, but would benefit greatly from a modest development 
effort Ð particularly to generate delays longer than 10ps. While wavefront division splitters are 
robust at these energies, alternative grating based splitters should be investigated. Asymmetric 
mirror arrangements should be used to access the maximum delay while still retaining the ability to 
achieve temporal overlap. The feasibility of multilayer coatings should be studied to improve 
transmission and delay range at frequently requested wavelengths.   
 
  
Coherence:  
Experimental techniques like X-ray Photon Correlation Spectroscopy (XPCS) and scattering of 
coherent x-rays based lensless microscopy depend on longitudinal and transversal coherence of the 
incident X-ray beam. In fact, XFEL sources are ideally suited for these techniques due to their 
inherent high degree of coherence. Recent experiments at FLASH, however, revealed that degree of 
coherence can fluctuate from pulse to pulse. Since this may be an inherent limitation of a SASE 
based XFEL, diagnostic tools for single x-ray pulse coherence characterization should be 
implemented. 
 
  

Focus: from raw beam down to 10 µm  
Different types of scattering experiments will require different beam parameters. Access to the raw 
beam with its ~5 µrad divergence will be essential for high resolution scattering experiments as well 
as XPCS experiments aiming at minimal sample perturbation. Standard XPCS experiments, on the 
other hand, would benefit best from a focal spot of ~100 µm. Finally, a focal spot of ~10 µm would 
be ideal for high resolution imaging experiments.  
Clearly, being able to ÒcontinuouslyÓ vary the degree of focusing from unfocused down to a few 
microns would be ideal. We note that the development of such flexible, but at the same time reliable 
and reproducible focusing optics is foreseen as part of the ESRF upgrade program. Excellent 
focusing, i.e., providing a true focus of ~100 µm as well as ~10 µm, should have priority over 
flexibility!  
 
 
Intensity control: 
Experiments at FLASH have shown that it is crucial, especially for studies on solids, to have the 
possibility of attenuating the incident x-ray intensities by several orders of magnitude. For example, 
this is often the case during alignment or when changing between multiple and single shot 
measurements. It is thereby of particular importance to change only the photon density and not the 
overall beam profile. The tool of choice for this would be a gas attenuator (like at FLASH) or even 
a solid attenuator at a location where the incident beam is unfocused. Attention should however be 
paid to choosing a sufficiently effective absorber, which absorption can be changed rapidly over the 
its range of operations.  
 
 
Diagnostics:  
The proposed experiments will depend on pulse-by-pulse characterization of the usual x-ray beam 
parameters (e.g., energy, intensity, location). In addition, diagnostics for the pulse-by-pulse 
characterization of the degree of longitudinal and transversal coherence as well as x-ray pulse 
polarization would be desirable. Furthermore, timing tools with femtosecond time resolution for 
determination of the jitter between XFEL and an external optical laser will be necessary.  
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IV. Requirements on end station instrumentation 
In regard of the large diversity of experimental approaches discussed during the sessions of 
Working Group III it is evident that no single experimental setup could satisfy all demands. In fact, 
it would probably not even be reasonable to opt for such a solution, since it would exclude any 
preparatory work while another experiment were running. For this reason, we do not even favor a 
modular approach around a common chamber, but rather a set of independent chambers, each 
optimized for its particular application. Sharing of expensive items like detectors, sample 
manipulation tools or others should be implemented as much as reasonably possible. It is generally 
expected, as pointed out in the general introduction above, that the coming years of experiments at 
LCLS will yield important information about how to optimally design equipment for experiments at 
the European XFEL. Accordingly, the working group participants limited their discussion to what 
general performance an end station for the investigation of spin, charge and orbital dynamics in 
complex materials by resonant elastic scattering should provide. 
 
 
Sample environment 
The following parameters are chosen such that the large majority of important experiments will be 
feasible. It is the expectation that for more extreme conditions, the interested user group will 
provide specific equipment to implement the desired conditions. 
¥ Sample temperature: cooling down to 4 K, heating up to ~1000 K 
¥ Ultra high vacuum environment of 10-9 Torr or better, implying a sample transfer system  
¥ Sample goniometer with sub micron precise and stable sample positioning 
¥ Static magnetic fields of up to ~6 T at sample position 
 
 
Detector 
The envisioned scattering experiments require two different detector types and it has to be 
emphasized that the feasibility of an important fraction of the proposed experiments will depend on 
their availability. 
 
XPCS experiments at SCS are expected to be carried out in both SAXS and WAXS geometry. For 
example, most studies on magnetization dynamics will be done in transmission geometry [15]. 
Tuning of the momentum transfer to any value between forward- and backscattering, on the other 
hand, will be necessary to reach superstructure peaks related to specific phases of complexity in 
solids and at interfaces [16]. Furthermore, since scattering signals are expected to be weak, the use 
of 2-D detectors will be crucial to obtain statistically relevant data.  
A critical parameter of such a detector for XPCS experiments will be its pixel size. Even in the low 
photon energy range of the SCS instrument, a pixel size smaller than 100 µm will be needed to 
resolve individual pixels. This is because small, focused beams that would lead to large speckle 
sizes and thus permit detectors with larger pixels would most likely lead to sample modification  
during the experiment. A more detailed analysis justifying the 100 µm pixel size requirement is 
presented in Appendix I. 
 
Imaging experiments, on the other hand, do not have such a stringent requirement on sample size. 
For such experiments, on the other hand, it is desirable to use as many pulses as possible of the 
anticipated 3,000 pulses per micro-bunch. 
 
We note that in both cases the required detector arm length will scale linearly with the pixel size. 
For example, a pixel size of 200 µm implies in certain cases a detector arm length of up to 5m. For 
both detector types 1k x 1k would be acceptable, although the imaging experiments would greatly 
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benefit from a 2k x 2k detector. Such detectors should have single photon sensitivity, high quantum 
efficiency. 
 
Finally, any detector should be equipped with a beamstop, which effective size can be adjusted to 
best match a particular experiment. 
 
 
Polarization analyzer for scattered radiation 
Resonant soft X-ray Bragg diffraction has been developed to a powerful technique for 
investigations of charge, magnetic and orbital ordering phenomena in solids. These different types 
of order may contribute to the structure factor of the Bragg reflection, and they present a different 
dependence on the azimuthal angle (rotation around the Bragg wave vector) and on the x-ray 
polarization. It is often crucial to perform polarization analysis [17] and determine azimuthal angle 
dependence to be able to disentangle the different contributions of charge, magnetic and orbital 
scattering, and to determine the directions of magnetic waves and orbitals.  
 
 
External Pump 
IR/optical laser are the most suitable pump available today to provide femtosecond time resolved 
excitations. Typical parameters of such a system would be: 800 nm wavelength, a fluence of ~ 100 
mJ/cm2, focus size of 50 µm or smaller. We note that an important fraction of experiments could be 
done with a pulse duration of around 30 Ð 50 fs and that such laser systems are readily available 
today. We would, however, envision that in 2014 such a system would deliver 5 fs or shorter pulses, 
which would enable all experiments discussed so far. As discussed earlier, this laser pump system 
should be coupled as jitter-free as possible to the XFEL time structure to yield an overall, combined 
time resolution of 5 fs or better (after retroactive correction if needed) in optical laser pump Ð x-ray 
probe experiments. Finally, fast shutters for XFEL and optical laser pulse selection should be 
implemented. 
 
To facilitate alignment and preserve spatial and temporal overlap, a collinear pump-probe geometry 
would be preferred. Furthermore, an alignment laser coming down the beamline along the x-ray 
path would be a valuable tool to have. 
  
Due to the unique timing capabilities of laser systems, it is furthermore envisioned to use these for 
the implementation of rapidly pulsed magnetic fields, too. Strip-lines and Austin switches seem as 
the most appropriate way to do so, but further research and development will be required to 
optimize such systems towards faster time scales. 
 
We finally note that further research is needed to evaluate the importance of a THz pump for the 
investigation of spin, charge and orbital dynamics. The same applies to the idea of studying 
dynamics following the application of extreme external conditions (ultra-strong magnetic fields, 
pressure shocks, etc). 
 
Software  
Being able to perform 'on-the-fly' preliminary analysis and characterization of the incoming data 
appears like an important tool to guarantee effective usage of XFEL beam time. For example, rapid 
quantification of speckle contrast and size would be valuable for coherence characterization. 
Standard routines for data anlysis of Fourier Transform Holography and Coherent Diffraction 
Imaging experiments would yield prelimiary images based on which decision making could be 
based. 
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VI. Conclusions 
  

The European XFEL will be a powerful tool for the investigation of spin, charge and orbital 
dynamics in complex materials by resonant elastic scattering offering novel and unique 
experimental capabilities. The principal experimental techniques foreseen are lensless x-ray 
microscopy by scattering of coherent x-rays and x-ray photon correlation spectroscopy (XPCS). It 
is noted by the workshop attendees, however, that the current planing of the SCS instrument 
contains a few details, which hamper the envisioned experiments. Of uppermost importance among 
these is full control of the x-ray polarization, which is lacking in the current design of the SASE3 
undulator serving the SCS instruments. Contrast mechanisms giving access to spin, charge and 
orbital ordering require specific polarization states, and polarization changes (left to right circular or 
vertical to horizontal linear) are commonly used to emphasize the desired contrast in the 
experimental data. The second point of major concern is related to area detectors, for which two 
different needs have been identified. Area detectors with pixel sizes <= 100 µm will be needed for 
XPCS experiments. This is necessary since individual speckles need to be resolved and in order to 
avoid sample modification due to the energy deposited per unit area. On the other hand, imaging 
experiments would greatly benefit from detectors, which can store Òon boardÓ a number of images 
as close as possible to the 3000 micro-bunches of XFEL. It is noted that larger pixel sizes, even 
exceeding 200 µm, could be accommodated in such experiments, since the objects to be imaged are 
typically smaller than a few micrometer. A third point concerned the photon energy range covered 
by the SASE3 undulator at nominal electron energy of the accelerator. Many of the proposed 
experiments will require regular changing between different absorption edges, mostly within the 
400 eV Ð 1000 eV photon energy range. It would thus be wishful to cover this energy range with the 
SASE3 undulator at the most commonly used electron energy of the accelerator. 
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Appendix I: Considerations for a 2D XPCS-Detectors at SCS 
 
XPCS experiments at SCS are expected to be carried out in both SAXS and WAXS geometry 
depending on the scientific questions to be addressed. Fast magnetization dynamics can be studied 
in SAXS transmission geometry [15] while the investigation of complexity in solids and at 
interfaces with XPCS requires that the momentum transfer can be tuned to any value between 
forward- and backscattering to reach the superstructure peaks that are characteristic for the 
respective phases [16]. 
 
The use of 2-D detectors will be of out-most importance since scattering signals are expected to be 
weak and statistically relevant data will frequently only be obtainable by using 2-D detectors. 
One important parameter is the size of the detector pixel Dp since XPCS requires sensitivity to 
individual speckles. Only if the individual speckles with size Ds are resolved one can compute 
time-autocorrelation functions and only the correlation functions of equivalent speckles are allowed 
to be averaged. Thus  
    Dp # Ds = ($/d) x L    (1) 
 
where $ denotes the wavelength, d = min (beamsize or  object size) and L is the distance between 
the sample and the detector. 
 
A frequently used working point is defined by requesting the pixelsize to equal the beamsize 
yielding 
    Ds = sqrt ($L)      (2)  
 
For large Q experiments (up to 90 deg.) at $ = 1.6 nm (Co L edge) and assuming a usable hutch 
width of L = 4m one finds 
    Ds = (16x4s10e-10) = 80 µm   (3) 
 
For a 100 µm size beam (or object) one finds using (1) 
    Ds = (16x10e-10/10x10e-6)x4m = 64 µm (4) 
 
One thus may conclude that a suitable 2-D also serving large Q experiments should have a pixel 
size of Dp < 100µm. 
 
Reasonable size should be 1k x 1k. Single photon sensitivity, high quantum efficiency and an 
adapted framing rate are important while the to be expected count rates need to be studied in more 
detail. 
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