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A Suite of Simultaneous X-ray Tools & Laser Excitation Sources 

Single-shot dispersive resonant and non-resonant XES: von Hamos 

Wide(Small)-angle X-ray Scattering and X-ray Diffraction: Large Pixel 
Detector (LPD) and Jungfrau 

X-ray absorption spectroscopy (5-20 keV): scanning (Si(111) 4-
bounce mono) and single-shot (Spectrum analyzer) 

Scanning resonant and non-resonant XES (RXES): Johann 
spectrometer

FXE: Femtosecond Hard X-ray Experiments

Large Pixel Detector (LPD)

Johann 
spectrometer

Robot arm

Von Hamos 
spectrometer

Sample mounting stage 
(10 axis)

Sample chamber 
for liquid samples

“Scientific instrument Femtosecond X-ray Experiments (FXE): instrumentation and 
baseline experimental capabilities” A. Galler , et al., J. Synch. Rad., 26, 1432 (2019) 

“Ultrafast X-ray Photochemistry at European XFEL: Capabilities of the Femtosecond 
X-ray Experiments (FXE) Instrument” D. Khakhulin, et al., Appl. Sci., 10, 995 (2020)
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LPD Von 
Hamos

Johann

Laser 
table

Be 
lenses

Single-shot 
spectrometer

Single-shot 
spectrometer

XGMD

Timing 
tool

Robot 
detector 

arm

X-ray direction

OpticsControl 
Room

Hutch

Instrument 
Laser hutch

PP Laser 
hutch
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Vacuum environment (1e-5 mbar) 
X-ray probe in transmission geometry 
Up to 15k samples accessible per filling/evacuation 
Parallel X-ray emission and scattering compatible 
Diffraction up to 8.8 Å-1 at 16.5 keV and 2θmax=63°

 courtesy of P. Zalden (peter.zalden@xfel.eu)

Solid sample 
chamber

WAXS

XES

4

Sample environment: Liquid & Solid state experiments

X-rays

2092 µm 
in 26 µsec

after 2 
pulses

after  
58 pulses

after the whole  
train (100 pulses)

He environment 
Open on 3 sides (XES, XAS, WAXS compatible) 
Parallel UV-Vis flow loop to monitor sample 
Jet diameter 25-200 µm 
Bragg angle range 67-83° 
WAXS maximum Q up to 10 Å-1

 courtesy of F. Lima (frederico.lima@xfel.eu)

Jet speed compatible with about 
0.5 MHz operation for XES and 
0.25 MHz for WAXS

Liquid jet chemistry chamber

K⍺

Kβ

v2c

WAXS

Single-crystal 
grazing-incidence 

diffraction

Vertical and horizontal geometry 
Grazing and symmetric Bragg diffraction 
Flexible tracking of Bragg peak with 

detector on Robot arm 
Cooling and heating of samples 

supported 
Compatible with von Hamos XES for 

vertical sample geometry
 courtesy of D. Khakhulin (dmitry.khakhulin@xfel.eu)

In collaboration with R. 
Shayduk (MID/EuXFEL)

GI-XRD
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solute solvent

delay [ps]

Scientific Scope of FXE: Measuring ultrafast dynamics with hard X-rays

Ultrafast solid-state dynamics Ultrafast (bio)chemical dynamics

Scattering: 
structural 

information

Polycrystalline 
scattering

Preliminary data analysis reveals
strongly anisotropic structural 
dynamics
and 
possible correlation with
magnetization dynamics

Proposal 2821 @ FXE

Time-resolved diffraction at FXE :
Probing structural dynamics along several crystallographic directions of the 
low-temperature ferromagnetic hexagonal α-MnAs phase 
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X-ray 
absorption: 

electronic and 
structural 

information

X-ray emission: 
electronic information

XES

XAS
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FXE Update
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X-ray Spectrometers

Ni Kα

Ni Kβ

Ni VtC

von Hámos

16-crystal spectrometer

Johann DuMond

• Dispersive 
• Single-shot 
• Requires 2D 

detector 
• Bragg

• Scanning 
• Can use 0D or 2D detector 
• Bragg

is not determined by the intrinsic acceptance of the Bragg

reflection but rather limited by the quality of the bent
crystal and various geometrical contributions (see e.g.,

Bergmann and Cramer 1998).

For different XES studies the required emission energy,
energy resolution, Bragg reflection, as well as scanning

range will differ. These parameters determine the type of

Bragg crystals, their size, radius of curvature and number.
New instruments are built in a flexible way to change these

parameters in a reasonable time when switching between
different XES regions and elements. A growing number of

such spectrometers is available at synchrotron radiation

sources worldwide.

Conclusion and outlook

XES and RXES are powerful, element specific techniques

to study the local structure in a wide range of systems
including 3d transition-metal complexes (for a recent

review see de Groot and Kotani 2008; Glatzel and Berg-

mann 2005). In the last decade the instrumentation to carry
out these experiments has made enormous progress. While

research on, e.g., magnetism has been focusing on higher

energy resolution (DE \ 100 meV), applications in chem-
istry require a moderate resolution of *0.2–2 eV but high

efficiency (i.e., large solid angle of detection). This is

particularly important for the study of dilute systems and/or
weak fluorescence lines. In the past years several Mn XES

and RXES studies of the OEC and related systems have

been reported (Bergmann et al. 1998; Glatzel et al. 2005;
Messinger et al. 2001; Pizarro et al. 2004; Visser et al.

2001). This work has been carried out on cryogenically

cooled trapped intermediate S-states of the Kok cycle, but

the first time-dependent XAS study has recently been

reported (Haumann et al. 2005). Future work on the OEC
will focus on (a) RXES studies with improved resolution,

(b) valence to core XES, (c) studies of PSII single crystals

(Yano et al. 2006), and (d) development of instrumentation
to carry out time-dependent XES studies throughout the

Kok cycle. For the latter, single-shot spectrometers are

being developed that will also help to remedy the problem
of radiation damage. Time-resolved experiments have been

proposed at synchrotron radiation light sources and also for
the new X-ray free electron lasers (XFEL), such as the

European XFEL or the Linac Coherent Light Source cur-

rently under construction, might play a crucial role in such
single-shot pump-probe studies. XFELs produce very

intense short \200 fs pulses at repetition rates comparable

to that of optical lasers. The idea of these experiments is to
pump PSII with an optical laser into the different S-states

of the Kok cycle and then probe the local Mn structure as a

function of delay time with the short XFEL pulse before
the radiation damage occurs.

Acknowledgments Portions of this research were carried out at the
Stanford Synchrotron Radiation Lightsource (SSRL), a national user
facility operated by Stanford University on behalf of the U.S.
Department of Energy, Office of Basic Energy Sciences. We
acknowledge the European Synchrotron Radiation Facility and the
staff of beamline ID26 and beamline ID16.
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Fig. 7 Left: Schematic setup of
an XES experiment using
multiple analyzers in Rowland
geometry. Right: XES
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European XFEL internal beamtime use report 
03/12/2019 

was also collected. Figure 1 shows the example emission spectra measured by Silicon analyzer and at small 
beam size condition. The emission image was analyzed by photon counting algorithm to identify the 
background scattering and electronic noise. It is found that the secondary scattering of the lead fluorescence 
which comes from the lead shielding contributes most of the background. The energy resolution is roughly 
estimated by the Kb1,3 lines, the resolution under small beam size, which gives ~2.5 eV resolution. 
Considering the natural linewidth of Nb K emission lines is ~7 eV, our analyzer is capable for the high energy 
emission and HERFD-XAS of 4d elements. The emission images were also collected by rotating the q angle 
of the analyzer for the energy-pixel calibration consideration.  

 
Figure 1. The Nb-Ka and Nb-Kb1,3 images at the JF detector after the Laue analyzer diffraction, and the 
corresponding projections of region of interests. Photon-counting algorithm is applied to reduce the electronic 
noise and background scattering. 
 
To demonstrate the capability of pump-probe at our FXE instrument at high X-ray energies, we prepared the 
dilute samples, Nb2O5 and NbO2 thin-film with 200 nm thickness layer. The XAS spectra were measured for 
both samples, each sample accumulated 10 mins for the energy range of 80 eV, figure 2 shows the 
representative results. In data analysis, we separated the even and odd pulses to mimic the measurement 
pattern of the laser-on and laser-off, the difference shows good signal to noise level in 10-3, The low noise of 
the difference signal assures that transient signals as small as ~0.5% can be detected. According to our 
pump-probe measurement at Photon Factory synchrotron, the XAS of Nb2O5 has 1% transient signal, thus 
the XAS setup will be capable for the ultrafast XAS study for Nb2O5 that only FXE could do worldwide. When 
we use the SASE beam to collect the emission, the pulses applied are limited because of the sample 
damage, indicating that the HELIOS could be capable for pump-probe studies if the sample could be 
resolved into liquid, for example the nanoparticle and chemical samples.  
 

 
Figure 2. The example static X-ray absorption spectra of (Left panel) Nb2O5 and NbO2 (Right panel) thin-films 
with thickness 200 nm measured at FXE, the XFEL pulses are separated to even and odd to consider the laser 
on and off strategy of the pump-probe, DXAS = even-odd shows good signal to noise level. 
 
Regarding the detectors, firstly we used the JF-500K which has been established at FXE. JF-500K was used 
for the HELIOS setup commissioning and emission spectra collection. At last, we fixed the spectrometer 
geometry and replace the LPD-mini detector to the same position of JF-500K to collect the emission and 
exam its performance offline. The LPD-mini has ~7 time bigger pixel size comparing to JF-500K, when the 
spectrometer runs in high resolution mode, the LPD-mini is not enough for the over-sampling measurement. 
When the spectrometer works at low resolution mode, the LPD-mini is ok and could be compatible with the 
high repetition rate.  
3) Dissemination (optional) 
[If applicable, please give details about publications already in preparation, invited talks, posters about the 
outcome of the beamtime] 
The preliminary test results of the Laue analyzer have been presented at the Very Hard XFEL 
Workshop and XFEL User meeting by posters. The commissioning results are on summarizing and the 
manuscript is in preparation, we expect to submit the manuscript to an X-ray instrument journal before 
this year.  

5-crystal 
spectrometer

Crystal

De
te

cto
r

Sample

X-rays

Flight 
tube

• Scanning 
• Requires 2D detector 
• Laue  
• >15 keV
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2D X-ray detectors @ FXE

8 x Si(531)

~ 77 mm

LPD built by the Rutherford Appleton Laboratory for the 
European XFEL 
1 Megapixel – 500µm pixels 
4.5 MHz frame rate 
High dynamic range, 1 to 1x105 photons per pixel per pulse. 

Using parallel gain stages (1x, 10x, 100x) 
High energy sensitivity – 500µm thick Si sensor 
512 (510) frame memory depth continuously stores all three 

gains, overwriting whenever a veto is received

LaB6 diffraction collected 
with LPD @ 20 keV

Large Pixel Detector Jungfrau

Jungfrau built by the Paul Scherrer Institute 
500 kpixel per module (FXE has a 500k and 1M) 
10 Hz operation or 16-cell burst mode (160 Hz) 
High dynamic range, 1 to 1x105 photons per pixel per pulse. 

Using gain switching 
Low noise: < 2 keV single-photon sensitivity  
 75 um pixels

von Hámos XES

Single crystal XRDJungfrau 1M

100 um 
liquid jet
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Optical excitation schemes and conditions

Parameter Pump-probe system 1 Pump-probe system 2

Fundamental wavelength 800 nm 1030 nm 

Pulse rep. rate. 282 kHz 
(1.1, 4.5 MHz)

4.5 MHz

Pulse energy 800 µJ   (200 µJ at 1.1 MHz) 1 mJ (40 mJ at 100 kHz)

Pulse duration (FWHM) 15 fs / 50 fs 800 fs

Frequency conversion SHG, THG, OPA (50 fs) SHG, THG, FHG

OPA wavelength range * 240 nm – 15000 nm * N/A

courtesy of M. Biednov (mykola.biednov@xfel.eu)

THz source developed in laser lab, next step is to 
install in the X-ray hutch (LAS, SCS)

Topas OPA installed and output commissioned, used 
successfully for in-house experiment 12.2022
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~6 keV

400 eV

(Resonant) X-ray absorption spectroscopy and scanning the mono
Thin film targets 
Ideal for low Eph spectroscopy 
(Ti, V, Cr K edges) 
tr-EXAFS possible 
Simultaneous diffraction 
20 pulses/train (94 kHz) 
He enclosure works for low-
background measurements 

p-p XAS at different delay times

Main proposer:Paola Luches 
Local contact: Yifeng Jiang

EXPERIMENT 3435 
FXE: Structure and 
electronic 
properties of 
excited states in 
CeO2

Ce Lα RXES at different delay times

pixel

pump-probe HERFD-XAS 
at pre-edge Δt=1 ps

Scanning works well 
Setup needs to be 
checked carefully 
(Izero signal levels, 
mono throughput 
etc.) 
Reliable over the 
week (e.g. mono in/
out) 

He enclosure

Peter Yohei Yifeng

Mono and XAS capability at 19 keV  
(niobium K-edge)

Nb2O5 thin 
film. ~10 
mins. 

NbO2 thin 
film. ~10 
mins.
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Call 12: Contact us with any questions or for more details
Email: 
christopher.milne@xfel.eu  
OR  
fxe-support@xfel.eu

https://www.xfel.eu/ 
facility/instruments/fxe/

100 fs time resolution 
X-rays from 4.6-20 keV 
Pump laser from 240 nm to 
2 um 
Liquids, solids, thin films, 
GDVN 
X-scattering, diffraction 
and spectroscopy (limited 
SFX) 

mailto:christopher.milne@xfel.eu
mailto:fxe-support@xfel.eu
https://www.xfel.eu/facility/instruments/fxe/
https://www.xfel.eu/facility/instruments/fxe/

