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Main physical VFEL principles
Diffraction condition
2kt +1° ~0

Synchronism condition
‘0) — kU‘ =0ow=0 electron beam

Resonator

'

Interacting of the electron beam with
electromagnetic field in VFEL is much
more efficient than in one-dimensional
| situation because the group velocity of™"
electromagnetic waves decreases
sharply due to continuous reflectiong of
them at periodic planes of resonator.
Moreover VFEL is an oversized systefa—
where relativistic electron beams of
broad cross-section can be used. Due

to this and VDFB electron beam radiates
more effectively. Photonic crystal
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Maxwell equations: AE -V(VE) —

n-wave approximation:
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We use the method of averaging over initial phases of electron
entrance in the resonator

ot t,,r )=k z+Kk,r, —at(z,t;) electron phase in awave
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1 Equations for electron beam
of broad cross-section

, 3
d*0(t,2,p) __e0 Z(l(_dg(t’z’ p)) Re(E(t—2/u,2)
dz my°w dz
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do(t,0, p)
dz
t>0, z€[O, L], pel[-2r2x]

® = ly + zo —1/(u/cy)’

@(t,z, p) isanelectron phasein awave
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Two-wave VFEL
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Ois departure from synchronism conditions. 0

Xor X+ are Fourier components of the dielectric
susceptibility of the target.

Q




Numerical algorithm*
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* Batrakov K., Sytova S. Computational Mathematics and
Mathematical Physics 45: 4 (2005) 666—676
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Energy conservation law

Using the Chu's kinetic power theorem for coupled electromagnetic waves
we obtain

oW
—+P+P =Cpnp,
ot
27 2 20, v2(7—1 _
n= J‘Zﬂ_zp u” —vi(z=L, pz) vi(z=L.~p) dp is the electron
87 u fficien
A efficiency

W=EE +EE :| E |2 _|_| E |2 is the electromagnetic energy
et ¢ stored in the resonator

P=CJE(L)]?and P.= C,E.(0)F

represent radiation losses associated with the transmitted
wave and diffracted wave respectively




Two-beam two-wave VFEL
Diffraction condition  Synchronism conditions:
2kt +1° =0 w—Kku,|~0,

Il w—K.u,|~0
||||||| |
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Electron beam 2
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Other VFEL schemes
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Common system for m-beam n-wave VFEL

AE+BE+CE:I,
ot 0z
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Dynamical systems*

Chaotic dynamics means the tendency of wide range of
systems to transition into states with deterministic behavior
and unpredictable behavior. Bifurcation is any gualitative
changes of the system when control parameter p passes
through the bifurcational value p,.

Nonlinearity is necessary but non-sufficient condition fog,
chaos in the system. The main origin of chaos is the g
exponentlal dlvergence of |n|t|aIIy close trajectories in the

sensibility to initial condltlons)

*H.-G. Schuster, "Deterministic Chaos" An
Introduction, Physik Verlag, (1984)

** E.N. Lorenz, J. Atmos. Sci. 20 (1963), 1
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What happens In electronic vacuum devices

‘ HAnvestigation of transfer from a chaotic to a single-
frequencv regime of generation by the relativistic
beams moving in one-dimensional periodic structures

» shifting the operating point of generation close
to the upper end of a pass band wave and using
the adjustable feedback reflector for a backward
wave,;

» suppress the parasitic generation waves and

T obtain a single-mode oscillation.*
* V. G. Baryshevsky, P. V. Molchanov, NPCS, 16, (2013), 209

FIG. Typical signal from a TDS5 oscilloscope: diode voltage - green curve, diode

current - magentg curve, blue curve - microwave signal.
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FIG. Typical single mode radiation spectrum obtained by fast Fourier tr&R&tS5HH of the signal.



Comparison of continuous electron beam
and electron bunches
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1 Comparison of one-dimensional and two-

dimensional distributed feedback
X

electron beamn
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We will change one-dimensional geometry by varying transverse components

_ of vectors k and 1 as well as detuning from synchronism condition &.




Parametric maps of the transition to chaos in
ependence of the diffraction geometry
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The way of chaos control in VFEL can be realize
changing of VDFB geometry.

o
s
SN,

O depicts a domain under generation threshold. P, Q, C correspond to periodic regimes,
guasiperiodicity and chaos, respectively. M describes domains with transitions between
large-scale and small-scale amplitudes. | stands for intermittency. On edges the most
typical dependencies of amplitudes on going crystal on timle are presented.




Dependence of amplitudes at VFEL
boundaries from beam current | and
departure from synchronism condition o
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for transmitted wave for diffracted wave




| Suppression of parasitic modes
iInside VFEL

for transmitted wave
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Two-beam two-wave VFEL
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Conclusions

» As VFEL physical principles differ from ones of other
vacuum electronic devices VFEL I1s a new object of
Investigation, that is the source of powerful electromagnetic
radiation in different wavelength ranges.

» Different types of VFEL chaotic dynamics and their
explanation are given.

» Itis shown that the beam parameters affect the generation
regime.

» The way of chaos control in VFEL for self-modulation
elimination is changing of VDFB geometry.

» The effect of suppressing parasitic modes of electromagnetic
waves in VFEL Is demonstrated.

» Two-beam two-wave VFEL was investigated numerically.

» S0, each step in investigation of VFEL nonlinear dynamics
will profit some new results.
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