
Volume (non-one-dimensional) multi-wave distributed feedback where 

electromagnetic waves and electron beam spread angularly one to other 

is the distinctive feature of 

Volume Free Electron Laser [1-4]. 

One-dimensional distributed feedback Volume distributed feedback [3]

Use of volume distributed feedback makes available:

�The new law of instability for an electron beam passing through a spatially-

periodic medium [1] provides the following estimation for threshold current in 

degeneration points:

where s is a number of surplus waves appearing due to dynamical diffraction;

�significant reduction of threshold current of electron beam and, as a result, 

miniaturization of generator ;

�reduction of limits for available output power by the use of wide electron beams 

and diffraction gratings of large volumes.

Some numerical results on VFEL chaotic nature [6Some numerical results on VFEL chaotic nature [6--10]10]
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Systems of equations for all cases of VFEL are obtained from Maxwell 

equations in the slowly-varying envelope approximation and contain 

only first derivatives with respect to electromagnetic field amplitudes [7].

Fig 5. Root to chaotic lasing in two-wave one-beam VFEL.  0 depicts a domain under beam current 

threshold. P, Q, C, I correspond to periodic regimes, quasiperiodicity, chaos and intermittency, 

respectively.  M describes domains with transitions between large-scale and small-scale amplitudes. 

γ0,1 are direction cosines, β
0
= γ

0
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is an asymmetry factor.

χ0, χ±τ are Fourier components of resonator dielectric susceptibility.

γ 0,τ are the Lorenz factor.

δ0,τ are  detuning from synchronism condition.
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Fig 1. Chaos control of two-wave two-beam VFEL in Bragg geometry

System for two-wave two-beam VFEL*:

2

1,2 0, 0 1,2 1,2
1/ ( / )l u c

τ
χ γΦ = + −

E(t, z) and E
τ
(t, z) are amplitudes of transmitted and diffracted waves.

2 2 2 2

0 0

0 2 2
,

k k
l l

τ

τ

ω ε ω ε

ω ω

− −

= =

WhatWhat isis Volume Volume FreeFree Electron LaserElectron Laser??

Volume  “grid” resonator [5]

X-ray VFEL [4]

VFEL with ribbon beam [3]

• means 0 or L depending on Laue or Bragg geometry.
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VFEL with several beams [6]

VFEL with volume diffraction grating [2]
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Fig 2. Chaos control of two-wave 

two-beam VFEL
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Diffraction 

condition: 

2 0+ ≈kτ τ

Synchronism 

condition:

0ω − ≈kv

It easily goes into the system for two-wave one-beam VFEL[7].

u
1

u
2

k

k
τ

τ

0 Lresonator

electron beam
2

0
τ

ω − ≈k u

1
0ω − ≈ku

2
2 0+ ≈kτ τ

Fig 4. Comparison of 

one-dimensional 

and two-dimensional 

VFEL geometry. 

Fig 3. The way of chaos control in 

VFEL can be realized via changing 

of VDFB geometry. 
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