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Table 1: Free Electron Lasers (2004)  
(W.B.Colson et al. Proc. 2004 FEL Conference, 706-710) 



Table 2: Proposed Free Electron Lasers (2004)  
 



First lasing of Volume FEL 
(VFEL) in wavelength range  
~ 4 - 6 mm (2001) 

V.G.Baryshevsky, K.G.Batrakov, A.A.Gurinovich, I.I.Ilienko, A.S.Lobko,  
V.I.Moroz, P.F.Sofronov, V.I.Stolyarsky 



VFEL-10 keV (2001) 
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VFEL-250 keV (2003) 



“Grid” volume resonator 



VFEL in Bragg geometry  
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Three-wave VFEL,  
Bragg-Bragg geometry 
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Laue-Laue geometry 
                       Bragg-Laue geometry 
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Surface VFEL 
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Volume distributed feedback 

 If  one mode  is in synchronism,  

    the threshold current  j :  
 

 

 If  two modes are in synchronism,  

     the threshold current j :  

 
 

 If  n  modes are in synchronism,  

     the threshold current j :  

 

     We assume               kL1 
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Main equations 
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System for three-wave VFEL: 
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System parameters: 
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Simple initial and boundary 
conditions: 
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System for n-wave VFEL: 
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Boundary conditions including 
mirrors: 
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Common boundary conditions: 



Equations for electron beam 
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Code VOLC - VFEL simulation 



Establishment of nonstationary 
solution in two-wave geometry 
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Periodic regime of VFEL intensity  
in three-wave geometry: 
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Phase space portrait 
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Simulation of BWT  
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Simulation of Smith-Purcell radiation 
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Amplification and oscillation 
regimes in three-wave geometry 
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SASE regime simulation: 
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Dispersion equation: 
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Two-root degeneration case: 

Three-root degeneration case: 



One-mode synchronism, dependence on 
detuning from exact Cherenkov condition  
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One-mode synchronism, dependence 
on   and system parameter l1 



Two-root degeneration case 
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Three-root degeneration case 
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Current threshold for two- and three-
wave geometry in dependance on L 

1 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5 5 0 5 5 6 0 6 5 7 0 
L ,   c m 

1 

1 0 

1 E + 2 

1 E + 3 

1 E + 4 
j    

 ,  
 A

 / c
 m

2
 

th
 



References (VFEL theory and  
experiment) 

 V.G. Baryshevsky, I.D. Feranchuk. Parametric X-rays from ultrarelativistic 
electrons in a crystals: theory and possibilities of practical. Journ.Phys. 
44 (1983) 913–922 

 V.G. Baryshevsky, I.D. Feranchuk. Parametric beam instability of 
relativistic charged particles in a crystal. Phys.Let.A. 102 (1984) 141–144 

 V.G. Baryshevsky. Volume Free Electron Lasers. NIM A445 (2000) 281-
283 

 V.G. Baryshevsky, K.G. Batrakov et al. First lasing of a volume FEL (VFEL) 
at a wavelength range 4-6 mm. NIM A483 (2002) 21-24 

 V.G. Baryshevsky, K.G. Batrakov. Dependance of volume FEL (VFEL) 
threshold conditions on undulator parameters. NIM A483 (2002) 531-533  

 V.G. Baryshevsky, K.G. Batrakov, V.I. Stolyarsky. Application of Volume 
diffraction grating for TeraHertz lasing in Volume FEL (VFEL). NIM A507 
(2003) 93-96 

 Baryshevsky V.G., Batrakov K.G. Use of Dynamical Undulator Mechanism 
to Produce Short Wavelength Radiation in Volume FEL (VFEL). NIM A507 
(2003) 35-39 

 V.G. Baryshevsky, K.G. Batrakov et al. Progress of the volume FEL (VFEL) 
experiments in millimeter range.  NIM A507 (2003) 137-140 



References (VFEL simulation) 

 Batrakov K., Sytova S. Modelling of free electron lasers. 
Computational  Mathematics and Mathematical Physics 45: 4 
(2005) 666–676  

 Batrakov K., Sytova S. Nonstationary stage of quasi-Cherenkov beam 
instability in periodical structures. Mathematical Modelling and 
Analysis. 10: 1 (2005) 1–8 

 Batrakov K., Sytova S. Nonlinear analysis of quasi-Cherenkov electron 
beam instability in VFEL (Volume Free Electron Laser). Nonlinear 
Phenomena in Complex Systems, 8 : 1(2005) 42–48 

 Batrakov K., Sytova S. Modelling of quasi-Cherenkov electron beam 
instability in periodical structures. Mathematical Modelling and 
Analysis, 9 (2004) 1-8. 

 Sytova S. Finite-difference methods for generalised transport equations. 
Differential Equations, 38 (2002) 999-1000 

 Sytova S. On Numerical Methods for One Problem of Mixed Type. 
Mathematical Modelling and Analysis. 6 (2001) 321-326. 

 Sytova S. Numerical methods in problems of modeling of free electron 
lasers. Differential Equations, 37 (2001) 976-871 


