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Introduction 

KU-FEL: Oscillator-type FEL for the mid-IR (5-14 μm) 
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For the detection of single-micropulse spectra 



Autocorrelation methods 
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Techniques to measure the ps~fs pulse duration 
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Idea to estimate the shot-to-shot change 
 of laser wavelength   

How does it work? 
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IAC and FRAC signals with various fluctuations 
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 Intensity of the macropulse 

Field amplitude of the kth micropulse 
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0% 0.5%  

1%  1.5%  

Delay time (ps) Delay time (ps) 

1.53ps 1.36ps 

1.09ps 0.89ps 

Narrowing of FRAC signals by 
wavelength fluctuation 

After averaging over thousands of shots, 
 

   IAC signals  :    no change 
 

   FRAC signals:    narrowing by shot-to-shot wavelength change 

FRAC signal narrowing 
 

Wavelength fluctuation 

For 1 ps pulse, 

Qin et al., Jpn.J.Appl.Phys. (in press) 
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Retrieval of pulse duration from FRAC signals 

If we can retrieve the pulse duration from the FRAC signals,  

we may only perform the FRAC measurement ! 

Expectation values of  
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Pulse duration      is retrieved by the 

time-integration of FRAC signals 
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Experimental results 

step size = 2 μm (= 1/150 ps) 

FRAC measurement 

exp.envelope 

fitted envelope 

delay (ps) 

exp.envelope 

fitted envelope 

delay (ps) 

step size = 10 μm (= 1/30 ps) 

IAC measurement 
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• pulse duration  0.64~0.66 ps by 

  both IAC and FRAC methods 
 

• wavelength stability is < 1.4 % 

Qin et al. (in preparation) 



Toward single-shot measurement of 
Mid-IR FEL pulse spectra 

Mid-IR   :  MCT-based array photodetector  (very expensive) 

Near–IR:  Si-based array photodetetor        (cheap!) 

Convert the MIR laser pulse into the NIR pulse  
by sum-frequency mixing ! 

ω1 (11 μm) + ω2 (1064 nm) → ω3（970 nm） 

KU-FEL Nd:YAG or 

microchip lasers 

SFM signal 

(near-IR) 

Signal intensity 

      ISFM ∝ IMIR x I1064nm 

< 1 ps 20 ns or 

0.8 ns 

< 1 ps 

Wang et al. (in preparation) 



spectrometer 

shortpass 

filter 

nonlinear 

crystal 

(AgGaS2) 

SFM signal 

~970 nm 

Schematics of sum-frequency mixing 

SFM signal  detectable? 



Experimental setup for sum-frequency mixing 

2 mm 

5 mJ/pulse for YAG 

(20 ns) 

 

100μJ/pulse  

for microchip laser 

(0.8 ns) 

KU-FEL 

@11 μm 

5mJ/macropulse at 1Hz 

~5000 micropulses 
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Spectral resolution 
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Shot-to-shot change of the SFM spectra 
by 20 ns Nd:YAG laser 

Sum of the            micropulse spectra  
in the same macropulse 
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Wang et al. (in preparation) 
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Retrieval of the FEL spectra 
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Wang et al. (in preparation) 
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Summary 

Measurement of the pulse duration and wavelength stability 

of KU-FEL using fringe-resolved autocorrelation 

Spectrally unresolved detection ! 

Periodicity of the fringe      wavelength information 

micropulse duration = 0.64~0.66 ps  
 

wavelength instability <1.4% 

Single-shot measurement of the laser spectra of KU-FEL 
for temporally selected micropulse(s) 

Sum-frequency mixing to generate near-IR signals 


