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The 30 fs (full-width at half-maximum (FWHM)) pump pulse and injection pulse collide 

at an angle of 135° in the centre of a 3 mm helium gas jet. The geometry of this 

arrangement allows a 100 μm Al foil, used for generation of transition radiation, to 

intercept the electron beam 15 mm from the exit of the gas jet. The accelerated electron 

beam is highly relativistic, stable and quasi-monoenergetic (see Methods and 

Supplementary Fig. S1). On average, the peak charge and peak energy are 15 pC and 

84 MeV respectively. We estimate that temporal stretching during transport to the 

radiator due to energy spread and divergence is negligible. The beam diameter on the 

radiator is estimated to 90 μm (FWHM)  

http://www.nature.com/nphys/journal/v7/n3/full/nphys1872.html
http://www.nature.com/nphys/journal/v7/n3/full/nphys1872.html
http://www.nature.com/nphys/journal/v7/n3/full/nphys1872.html
http://www.nature.com/nphys/journal/v7/n3/full/nphys1872.html
http://www.nature.com/nphys/journal/v7/n3/full/nphys1872.html
http://www.nature.com/nphys/journal/v7/n3/full/nphys1872.html
http://www.nature.com/nphys/journal/v7/n3/full/nphys1872.html
http://www.nature.com/nphys/journal/v7/n3/full/nphys1872.html
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The CTR spectrum is calculated for Gaussian bunch shapes, f(t)∝exp[−t2/2σ2], 

with different root mean square (r.m.s.) durations σ. A good agreement, in 

intensity and wavelength of peak intensity, is found for a bunch duration 

of σ=1.5 fs. For a bunch charge of 15 pC, this leads to an inferred peak current 

of 4 kA (for a Gaussian pulse shape). 
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Sellmeyer’s formula for wavelength range 0,5-40 µm: 
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Optical Crystals KRS5 (TlBr-TlI) is a deep IR material with a high refractive index, 

KRS-5 is used extensively in spectroscopy for attenuated total reflectance(ATR) 

prisms, windows and lenses. In conjunction with Germanium, KRS-5 can also be used 

in thermally compensated IR imaging systems. 

A design of a prism spectrometer for the operation in the near- and mid-infrared 

wavelength range dedicated for ultra-short bunch length diagnostics. 

We showed the possibility to cover the broad wavelength range from 0.8-39 μm 

using a KRS-5 prism. 
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Tapered angle 

2.5 



Dq~4o 
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11 Schematic of portion of the beam line, showing transverse radiation output by use of 45° deflecting mirror 
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450fsec   ( 150μm)ZD 

The minimum rms length one can resolve with this technique is 

 

 

For the ATF experimental setup and 

                    

 

one may expect to resolve the rms length 

 

Using the same dielectric-lined structure but changing to the range 

 

of filtered frequencies up to 300 GHz, one reduces 

 

With                                  one could resolve the rms length 

     

A Coherent Cherenkov radiation spectrum is defined by geometry of  

dielectric wave guide also.  
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       A charged particle moving nearby a spatially inhomogeneous 

condensed medium (target) may produce different types of so-called  

polarization radiation (PR): Cherenkov radiation (CR), transition 

radiation (TR), diffraction radiation (DR), Smith-Purcell radiation 

(SPR). 

      From  the macroscopic point of view all these types of radiation 

arise due to polarization of medium by the external field of the moving 

charge and may be classified as the manifestation of the so-called 

polarization radiation (PR). 
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The solution of Maxwell equation written as following [D.V. Karlovets, A.P. 

Potylitsyn, Pis’ma v ZhETP 90(5), 368 (2009).] 

Where integration is performed only over the volume of the target 

A source of PR is the polarization current density linearly depending  upon external 

field of a moving particle E0  PR field ER itself  (the medium is non-magnetic): 
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Scheme of Cherenkov radiation generation 



PR field in the wave zone is found as: 

2 ' ' ' ' ' '2 2' '
1 0' '2 2

0 1

( )( 1) ' '( , ) ( [ ] [ ])
4

R

d
i i z

v

a d

ir ie e d d K K e dz
r v vvv c

       
   

   

  




    

kr
H r k

 v

For an azimuthal symmetry of target 

(disc with thickness D, inner and outer radius- a, b) 

  

22 

 

(1 ( ) cos ) (1 cos )
2 2

2 1 2 2

1
0 1

1 0

( cos )(1 ( ) )

[ )] [ ] cos (*)

[ )] [ (cos

( )( 1)
( , ) { , , 0}

2

D D
i i

v v

R

sin

с

v b
b J b sin K sin

c v

b
bJ b sin K

c v

e eire e
sin cos

cv r

 
    



    



  
   

 

 
 



 
  

 

    





    

 
      

 

  




 

 
 
 

H r

2 )sin


 




23 

2 2
2 2 2

2

22 2 2

2 ( (1 ( ) s ))
( 1)(1 ( ) )2

(1 ( ) s ) (1 ( ( ) ) )

( )
D

sin coe cosd W v sin
d d coc sin


       

       

        
  

       

In the first approximation introducing the target «effective thickness»  z’=D/2 

one may use formula for spectral-angular distribution of Cherenkov radiation  

 

     Angular distributions total polarization 

radiation in vacuum calculated using the 

formula (*) . Parameters:  γ= 10,  λ= 1mm, 

b→ ∞, D = 40mm, ε=1.3 +i 0.05 (dashed 

curve is multiplied by the factor 60). The 

angle of Cherenkov radiation reflected into 

vacuum is determined from the condition  

 2( ) 1sin  q 



n=1.45±0.05 
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EXPERIMENT AT TOMSK  MICROTRON 

Wave zone condition 

R > L/q  3 m. 

9 mm <  < 25 mm 

Cherenkov 

angle 
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Faraday cylinder 

parabolic mirror TARGET 



4 2.11 0.11.05 10by a x y x      

Beem current (ADC units)

0 500 1000 1500 2000

In
te

n
s

it
y
 (

A
D

C
 u

n
it
s
)

0

200

400

600

800

1000

1200

Beam current dependence 
(To show that measured radiation is coherent one) 

Approximation: 

25 



26 

Comparison of coherent ChR and coherent 

DR in similar condition 
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      A conical target with hole may be considered as a «natural Cherenkov 

spectrometer» if a dispersion  of cone matter is not so small  [A.P. Potylitsyn, et al., 

Coherent Cherenkov Radiation from a Short Bunch Passing Near a Target and 

Possibility of a Bunch Length Diagnostics, MOPE046 IPAC'10, http://ipac10.org] 

http://ipac10.org/
http://ipac10.org/
http://ipac10.org/
http://ipac10.org/
http://ipac10.org/
http://ipac10.org/
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Angular distribution of coherent radiation of 

Vavilov-Cherenkova with following parametres of a 

conic target: a=3 mm, b ≈ 20,8 mm, D=40 mm 

(θch=66 °) for Lorentz-factor γ =200. 

The relation of signals from detectors 1 

and 2 (the relation of losses of energy on 

coherent radiation in a various angular 

range) depending on the longitudinal 

sizes of ultrarelativistic bunch. Modelling 

parametres: a=3 mm, b ≈ 20,8 mm, D=40 

mm (θch=66 °),       γ =200. Integration 

was spent on all range of lengths of 

waves (0.5 − 40 microns) 
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Conclusions: 

• Intensity of coherent ChR (CChR ) from relativistic electrons 

passing near a target is comparable with intensity of coherent 

diffraction radiation 

• Direct measurement of CChR  spectrum is possible if a target 

geometry is chosen according it’s  refractive index 

• Using dielectric conical target with properties defined by estimated 

bunch length it is possible to design the «natural Cherenkov  

spectrometer» allowing to measure a bunch length via noninvasive 

technique with a good accuracy 

• For instance, KRS-5 (TlBr-TlI)  target is appropriate to measure a 

bunch length in interval σz=8-20 μm 29 
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