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First measurements of COTR spectra
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Experimental conditions
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Measured COTR spectra  ,Ee > 100 MeV 
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OTR spectrum from the single electron
( ϑm is the angular aperture)   
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Longitudinal formfactor

Gauss charge distribution

Formfactor for Gauss distribution
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COTR spectrum from each electron in the bunch with population Ne

• dNcotr/dλ =[1-(Ne -1)*F(2πc/λ)]* dN/dλ

• Equation is obtained neglecting  by the transverse formfactor 

• Gaussian formfactor : F(ω) = Exp[-(2*Pi*σ /λ)^2]

• For λ = 2σ -> F(ω) = 2*10^(-5)

• For λ = σ -> F(ω) = 2.8*10^(-18)

• Exponential decrease without any peaks
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Gaussian formfactors with FWHM > 3 fs

For gaussian bunches with 

  σ > 0.9/2.355= 0.38 um

there is no coherent contribution in 

the light range
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Non-gaussian bunch charge distribution 

• The gaussian charge distribution may be considered as an idealized model due to the fact that the charge 

density is determined over infinite interval.

• Charge distribution of the subpicosecond bunches  is determined by the laser pulse shape interacting with a 

photocathode during finite time. This fact leads to a violation of the monotonic formfactor decay typical for 

gaussian bunches. At high frequencies (ω >> c/σ) there can appear oscillations in the spectrum and resulting 

photon yield will be much intense  in comparison with radiation from gaussian bunch at that range.
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Triangle charge 
distribution

Rectangular charge 
distribution
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Smoothed rectangular charge distribution
(convolution of the rectangular and gaussian ones)

A smoothing parameter δ << τb = FWHM 
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Different charge distributions with the same FWHM
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Non-gaussian formfactors
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Comparison of formfactors for different charge distributions
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Comparison of formfactors at high frequencies
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Formfactor decay 
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COTR spectrum from a bunch with rectangle charge 
distribution

sb = 9 um

 γ = 300

Θmax = 1/300

Ne = 10^7

Green  - rectangle 

Blue - smoothed rectangle,

 δ = 0.05 um 
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COTR spectrum from a bunch with triangle and smoothed 
rectangle charge distribution

sb = 9 um

 γ = 300

Θmax = 1/300

Ne = 10^7

Blue  - triangle 

Green - smoothed rectangle,

 δ = 0.3 um 

Red - smoothed rectangle,

δ = 0.35 um
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Simulation of the longitudinal bunch profile 
Y.Glinec et al. PRL,98, 194801, (2007)
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Simulated COTR spectrum
Y.Glinec et al. PRL,98, 194801, (2007)
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Comparison of COTR spectra for gaussian bunch (green) and 
triangular one (blue), sb =0.9 um
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COTR spectra measured (left) and simulated(right) Y.Glinec et 
al. PRL,98, 194801, (2007)



Page 23

Formfactor 𝐹𝑡𝑟 for triangle distribution with maximum at 
Δz :
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Formfactor 𝐹𝑡𝑟2 for two triangle spikes
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For two identical bunches the formfactor obtained coincides with the train formfactor with Nb=2 
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Bunch profile with two triangle spikes
sb1=sb2=0.9 um, Δz =10 um, η1=0.7, η1=0.3 
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Comparison of COTR spectra from asymmetric two bunches (left-Δz 
=10 um,right- Δz =7.4 um  
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COTR spectra measured at FLASH beam
S.Wesch et al. arXiv:1109.0458v1
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Approximation of the FLASH bunch profile 

Superimposed on the uniform charge distribution in 

a bunch of the length sb1 = 200 um and intensity 

η1= 0.7  is a short triangle spike with a length of 

sb2 = 20 um  and 

intensity η2= 0.3
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Formfactor (Log.scale)
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Conclusion

a) Measured COTR spectra demonstrate reasonable yield for frequencies 

much higher than c/sb with sharp spectral peaks

b)Formfactor F(ω)  for the gaussian bunch charge distribution is exponential 

suppressed for frequencies  ω > c/sb 

c)  Non-gaussian formfactor is enhanced significantly the gaussian   one in 

the range  of spectral peaks due to power law decay at high frequencies

 d)  Observation of the coherent radiation in the  wavelength range  λ << sb 

confirmed  the  non-gaussian  bunch charge distribution 

e) Results of the COTR spectra measurements  may be used for 

subpicosecond  bunch length diagnostics
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Thanks for your attention!
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