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Longitudinal Form Factor

Implementation in Control System

THz Spectrometer

EuXFEL Setup

Bunch Profile Reconstructions based on THz 
Spectroscopy at EuXFEL. 

The coherent radiation spectrum in the THz and infrared region …
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● Single-shot 
● MicroTCA.4 electronics

Spectrometer 
Range

● Form factor 
● 2x 4-staged gratings (0.6 - 6 THz and 6 - 60 THz/

5 µm - 45 µm and 45 µm – 450 µm)

● 4 pyroelectric detector arrays 
(30 channels)

Each grating is an efficient 
dispersive device and low pass

● 2700 pulses per train at up to 4.5 MHz
● 10 Hz macro pulse repetition rate 

● Exclusive longitudinal diagnostic at full e -energy⁻

● Spectral intensity of diffraction vs. transition radiation
● DR cutoff depends on e  beam energy⁻

● High electron beam energies allow DR for form factor measurements
➔ Non-invasive current profile measurements
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First Results
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Measurements along Bunch Train

● ADC signal of one detector
● Ringing due to mechanical oscillations
● Non-zero components at subsequent bunches
● Stable in amplitude and phase

→ same influence on subsequent bunches
● Detector “response” from single bunch 

measurement 

● Current profile reconstruction by 
Gerchberg-Saxton algorithm

● Starting with best suited guess for current 
profile

● Excellent agreement with TDS 
measurements
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● DR screen with 5 mm aperture
● Bunches pass undisturbed through the aperture
● Characterization simultaneously to FEL operation

● Form factor averaged over 50 
consecutive RF pulses

● Two different electron bunch 
compression settings

● Varied e  chirp in L1 ⁻

● ADC signal of one detector along the bunch 
train

● Influence of “pileup” can be removed by 
response measurement

● Two RF flattops for optimum SASE in the 
respective FEL beamlines

● Average form 
factor of 100 RF 
pulses

● One bunch from 
each RF flattop

● Different 
compression 
clearly observable

● 1.5x higher peak 
current for FT2 

Outlook
● Live current profile reconstructions for all lasing bunches

● Important information for users
● Feedback for optimized and stabilized electron bunch compression along bunch train
● Machine learning applications for SASE intensity and accelerator operation 

● Live form factor 
display of all 
bunches inside the 
bunch train

● DOOCS-Server by O. Hensler (MCS4)
● Signal evaluation, pile up correction and form 

factor calculation
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