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accelerate to 375 MeV and compressed below 1 ps. 

Magnet -System 
The main component of the test facility is the magnet 

system [3] which was provided by HZB/BESSY and 
consists of a modulator undulator (planar type) and a 
radiator undulator which is an APPLE II type plus an 
intermediate magnetic chicane. Table 1 lists the properties 
of both undulators and the intermediate magnetic chicane.  

Laser System 
The laser system is a combined system which provides 

both the RF gun pulse and the seed laser pulse for the 
harmonic generation. The two parts are placed almost 100 
m apart and synchronised via a fibre link.  

A laser oscillator (Femtolasers Synergy, 93.71 MHz, 
790 nm central wavelength, bandwidth 13 nm FWHM) is 
placed in the gun laser hutch and locked to the 3 GHz 
signal generated for the RF system (gun, linacs) with a 
time jitter of 200-500 fs. This jitter level has been 
achieved by an improved RF generator.  

 
Table 1: Parameters of the undulator section when tuning 
the radiator to the 3rd harmonic (88 nm) of the seed laser. 
In parenthesis, the properties for the 5th harmonic 
(53 nm) are also given. 

Modulator  
Period length 48 mm 
No. of periods   30  
K   2.34 
  
Chicane (4 mag.)  
Length of magnets  12 cm 
Length of drifts  40 cm 
Magnetic flux density       12(8) mT   
  
Radiator  
Period length 56 mm 
No. of periods  30  
K  1.05 (0.49)   
 
The pulses of the oscillator are stretched and split in 

two branches. In the gun laser branch the pulses are 
shaped in a Dazzler, amplified, compressed and tripled to 
263 nm giving up to 500 μJ in a 10 ps pulse. 

The other branch is sent through a bow-tie  
polarization-maintaining optical fiber 90 meters to the 
seed laser where it is amplified, compressed and tripled to 
263 nm in a pulse of 350 fs and ~100 μJ energy. A beam 
transport system delivers the seed laser pulse into the 
accelerator system. 

Diagnostics and Measurement Systems 
The diagnostics system in the transportline of the 

system consists mainly of screens and current monitors. 
In the test-FEL itself beam positions are measured by 
YAG screens. Standard current transformers provide shot-
to-shot charge readback. These are not able to resolve the 
short pulses in time but by calibrating the integrated 
signal to a Faraday block measurement a correct reading 
can be achieved. The temporal overlap was originally 
done in two steps. First a rough measurement based on 
photo diodes where both the direct hit of the electrons and 
the light from the seed laser were recorded. The second 
step is based on an Electro Optical system [4]. After first 
achievement of CHG the EO system can be used directly. 

At the end of the electron beamline the electron beam is 
bent to a beam dump with a YAG screen placed where 
dispersion is present to allow for energy spread 
measurements. Unfortunately it has proven difficult to 
transport the electrons without significant losses to the 
last YAG screen while retaining the CHG signal, and thus 
online measurements have been difficult. We have also 
utilised a THz system close to the beam dump to collect 
signals proportional to bunch lengths and probing induced 
microbunching. 

Finally, a photon beamline with a horizontally focusing 
collection mirror and a spectrometer (2400 l/mm grating) 
with a liquid nitrogen cooled CCD array is being used to 
record the CHG signal. 

RESULTS 

Operation 
Coherent Harmonic Generation (CHG) was set up in a 

multi-step process. The spontaneous radiation from the 
modulator undulator and radiator undulator was recorded 
to assure the proper gap settings calibrated to the seed 
laser wavelength. This was necessary as a precise electron 
beam energy calibration was not at hand. The electron 
beam orbit was also optimised for best spectrometer 

Figure 2: The two undulators ( U48, the modulator, right and UE56, the elliptical radiator, left) in the MAX-lab test 
FEL. 
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