
Electron bunch length characterization at the Metrology Light 
Source using THz radiation 

Introduction 

The development of electron storage rings 
emitting ultra-short and brilliant pulses in 
the THz range made significant progress 
over the last decade [1]. The Metrology Light 
Source (MLS) is the first electron storage ring 
with a dedicated electron optics for low-
alpha operation and an optimized THz 
beamline [2]. Both are necessary for the 
generation of stable high power THz 
coherent synchrotron radiation (CSR) [3]. 
The emitted CSR power depends on the 
length and the shape of the electron bunch 
[4], [5]. For analysis  of the picosecond THz 
pulses spectrally resolved autocorrelation 
(SRAC) and cross-correlation measurements 
are a promising tool [6]. 

Experimental Setup 

In order to generate two collinear beams 
from the THz pulses we utilize a Martin-
Puplett interferometer type approach. As 
shown in Fig. 1 the divergent THz beam is 
collimated from its intermediate focus by an 
off-axis parabolic mirror (f = 450 mm). A free 
standing wire grid divides the incoming 
horizontally polarized σ-mode of the THz 
beam in two beams. The maximum temporal 
shift of the delay line is 2.7 ns allows the 
correlation of two consecutive pulses at the 
MLS. The minimum step size corresponds to 
a delay well below 0.1 ps. After 
recombination the beam is spectrally 
analyzed with an evacuated Fourier 
transform spectrometer (FTS) by using a  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
splitter efficiency. Fig. 2b shows the cross-
correlation between two consecutive CSR 
pulses. Due to the pulse to pulse jitter high 
frequency correlations fade out. The cut-off 
frequency is 275 GHz (3 dB signal loss) which 
corresponds to a single bunch jitter of 
1.2 ps. Fig. 3 shows a cross-section of the 
SRAC with the corresponding 
autocorrelation fit model. By assuming a 
gaussian charge distribution a bunch width 
of 17.5 ± 1.3 ps is found, as given in Fig. 4. 
The low frequency behavior of the SRAC 
shows an increasing pulse duration with 
decreasing frequency due to diffraction in 
the beamline chamber. The frequency 
selective autocorrelation  from the Schottky 
diode measurement shows the same 
behavior. 
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second grid as an analyzer. The measured 
intensity I depending on the rotation angle 
of the analyzer is given by a constant 
intensity superimposed by an 
interferometric intensity term. For I1,2 
representing the horizontal and the vertical 
polarization components, the auto-
correlation function is obtained by : 
 
 
 
For comparison, direct pulse correlations 
with a zero-bias Schottky diode combined 
with band-pass filters were measured. Both 
measurements were obtained in low-alpha 
mode at a bunch current of approximately  
1.5 mA. 

Results 

A SRAC function a(ω,τ) is shown in Fig. 2a. 
Due to the reconstruction the offset is 
corrected and the spectral amplitude is 
normalized to one. Any drift or signal loss 
due to the decreasing beam current is 
corrected. Low frequencies are supressed by 
the beamline chamber and the FTS beam 
 

Fig. 1. Sketch of the setup at the MLS THz 
beamline.  
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Fig. 4. Electron bunch width from SRAC. 
Water absorption blue. 

Fig. 3. Linear autocorrelation meassured 
with a zero-bias Schottky- diode (top). 
Coresponding gaussian pulse width 
(bottom). 

Fig. 2. Spectrally resolved autocorrelation 
pattern (a) and cross-correlation of 
consecutive pulses (b) of the coherent THz 
regime. 
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