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Challenges - what is unique about the European XFEL ?
� repetition rate / pulse train structure: the pulse trains at 10Hz contain up to 

3000 x-ray pulses with only 200ns spacing (5MHz within pulse train)

� peak power of 20 GW during the 100fs pulse, and high average power 
during the pulse train of 10 kW

� parallel construction and operation of three 
undulators with in total six experiments

Introduction The European XFEL (X-ray Free Electron Laser) 
will have five independent undulators and a beam distribution to 15 
experimental stations. In the start-up version, 3 undulators and 6 
experimental stations will be built initially. The scientific areas of 
these initial experiments will cover a wide range of applications, 
including coherent scattering, single particle imaging, plasma 
physics and time-resolved diffraction and spectroscopy.
The x-ray pulses created in the undulators have to be characterized 
by photon diagnostics in order to find and tune the SASE (Self-
Amplified Stimulated Emission) process and to provide beam 
information to users.

Table 3: Beam parameters for the three SASE undulators
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Additional and advanced diagnostics
�spectrum and polarization
�timing information
�coherence and wavefront

Baseline photon diagnostics
�intensity [photons/pulse]
�pulse energy [mJ]
�transverse beam position per pulse
�2D image

Devices
�XGMD (x-ray gas monitor detector) 
�XBPM (x-ray beam position monitor)
�K-monochromator
�MCP based detector
�PES (photoelectron spectrometer)
�time domain monitor
�wavefront sensor
�Interferometer (coherence monitor)

Figure 2: Temporal structure of the laser

align beamline optics 
using the x-ray beam

± 5 µm (for 0.2 - 80 keV)

±10 µm for beam position variations within ±2 mm

precision 
(accuracy not 

required)

106 to 1012 photons/pulserange

Intensity

dx=10 µm for a distance of 100 m between two 
monitors (for 0.1µrad angular resolution)

Beam position

Transverse beam profile
1/10 of beam size sigma

align other components 
during commissioning

± 50 µm over ± 5 mm 
range 

accuracy

after mirrors to measure 
reflectivity (0.2-80 keV)

1% or better

for operation< 0.1%accuracy

for commissioning1 %

Table 1: Commissioning requirements

Total pulse energy (intrusive)

1 nJ - 10 mJPulse energy range

0.1-10 nmWavelength range

10 to 30 µmSpatial resolution of MCP image

fraction of 1%Rel. accuracy

Spectrum

0.001% within 
0.1%

0.1%

0.01%

350 - 3000 eV

temporal structure
0.0001% within 

0.01%

undulator checks, 
BL transmission, 
monochromator setup

0.01%

energy calibration with 
electron beam

0.01%

purpose4 - 25 keV

Figure 4: Beam divergence for spontaneous and FEL radiation
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Wavefront

accuracy at a
level of λ/15

1) adjust transport and focusing optics
2) determine FEL-induced changes in 

beamline optics
3) determine FEL wavefront itself

Timing information
at sub-10 fs level

synchronization in 
pump-probe experiments

Polarization

<1 %
beam arrival time

(and pulse duration)

accuracy of 1 %
degree of linear and 
circular polarization

Figure 1: Beamlines

Figure 3: Sketch of SASE1 beamline (8/09)

Table 2: Operation requirements

Requirements
� Commissioning requirements

For start-up and optimization, 
baseline diagnostics and some 
dedicated commissioning 
devices are needed (Table 1).

� Operating requirements
Users need information about 
beam properties measured by 
additional and more advanced 
diagnostics (Table 2).

� These requirements must be 
met to obtain the intended 
operating beam parameters
(Table 3).


