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Radiation in periodic structures

*Radiation from charged particles in periodic structures has
a number of remarkable properties and is widely used In
various regions of science and technology

*Generation of the electromagnetic radiation in various
wavelength ranges by beams of charged particles

‘Determination of the characteristics of emitting particles by
using the properties of the radiation field



*Transition radiation from a charge traversing a stack of
plates or moving in a medium with periodically varying
dielectric permittivity

*Smith-Purcell radiation, which arises when charged particles
are In flight near a diffraction grating

Smith-Purcell radiation is one of the main mechanisms for
the generation of electromagnetic waves in the millimeter and
submillimeter wavelength range



Geometry of the problem and the spectrum
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Waves emitted from two neighboring
humps of the surface wave are in phase



Radiation intensity (methods used)

*For the evaluation of the radiation intensity in the Smith-
Purcell effect various approximate methods were used
(see A. P. Potylitsyn, Radiation of electrons in periodic
structures (2009))

*For the problem under consideration we have used two
Independent approximate methods

(i) Small permittivity changes (|e, — &, << &)

(i) Small amplitude wave

*High-amplitude surface waves are excited with nano-
second laser pulses



Radiation intensity: First method

+ Spectral-angular density of the radiation intensity for a given
m in the case f(x)=asinx
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Radiation intensity: Limiting case

For wv,wy/ko < ¢ one has w = m|kov F wo
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Radiation intensity: Spectral-angular distribution

Spectral-angular distribution of the radiation intensity
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Radiation intensity (numerical results)

Sinusoidal surface wave f(Xx)=asinx
Electron energy 100 MeV, ¢&,=1 & =29
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Radiation intensity (numerical results)

Electron energy = 100 MeV, &, =1 ¢ =2.9
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Radiation from an electron bunch

Geometry of the problem

t * , Monoenergetic bunch of N particles




Radiation intensity

Spectral density of the radiation energy flux in the
medium & for a given m
____ corresponding function for the
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Bunch form factor

Averaging over the positions of a particle in the bunch

(PN = (Sy)PD, contribution of

coherent effects
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Conventionally it is assumed that the coherent radiation

IS produced at wavelengths equal and longer than the
electron bunch length



Coherent effects (Gaussian bunch)
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For a relativistic bunch the relative contribution of coherent
effects for the radiation with sin( sing < !
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Form factor

Transverse form factor is strongly anisotropic



Coherent effects (non-Gaussian bunch)

® Due to various beam manipulations the bunch shape can be
highly non-Gaussian

® For non-Gaussian bunches the form factor for the short
wavelengths may decrease as power-law instead of being
exponential



Asymmetric Gaussian bunch

® Example: asymmetric Gaussian bunch
N.A.Korkhmazian, L.A.Gevorgian, M.L.Petrosyan, Zhur. Tekh. Fiz. 47 (1977) 1583
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® Even for weakly asymmetrical bunch N|F ? ~ N(v/ob,)°
radiation is coherent if b. < AN'°/2n



Other non-Gaussian bunches

® Rectangular bunch having exponentially decreasing
asymmetric tails
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Conclusion

*We investigate the radiation from an electron bunch of arbitrary
structure flying over the surface wave excited in plane interface
between media with different dielectric constants

*Radiation from a bunch can be partially coherent in the range of
wavelengths much shorter than the characteristic longitudinal size
of the bunch

Main contribution to the radiation intensity comes from the parts of
the bunch with large derivatives of the distribution function

*For short wavelengths the relative contribution of coherent effects
decreases as a power-law instead of exponentially decreasing



Quantum radiation from surface waves
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A - Quantum radiation due to
% % % % % % % % % % % % the dynamical Casimir effect

. . . . _— &= Surface wave

Quantum radiation arises due to the interaction of
dynamical boundary with the quantum fluctuations
of the vacuum



Vacuum fluctuations in quantum field theory

4 Among the most important consequences of qguantum field
theory Is the presence of non-trivial properties of the

vacuum state

+ Vacuum is a state of a quantum field with zero number of

particles

Particle number
operator
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+ Particle number and field operators do not commute
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<4 In the vacuum state the field fluctuates

mm) \/scuum or zero-point fluctuations



The Casimir effect as a macroscopic manifestation of the

vacuum fluctuations

/The Casimir effect (Casimir, 1948):\

Two conducting neutral parallel
plates in the vacuum attract by the
force per unit surface
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The plates modify the spectrum of the electromagnetic field

vacuum fluctuations === The vacuum energy is changed
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Vacuum energy in the Vacuum energy in the
presence of plates absence of plates



Dynamical Casimir effect

4 Boundaries and boundary conditions are static
<. Static Casimir effect

<+ Geometrical configuration and boundary conditions
depend on time

< Dynamical Casimir effect

<4+ Manifestations of dynamic behavior
== Dependence of the force on time
== (Creation of particles from vacuum by a moving
boundary



General problem

Static boundary S,

«— Dynamical boundary S

“\‘ Displacement field &' (X)

Model: Scalar field with Dirichlet boundary condition

(OO+m?)p(x) =0, (x)|s=0




Number of radiated quanta
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Harmonic oscillations of boundary

Consider (1) = &o cos(wot)
Spectral-angular density of the number of radiated quanta
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Standing surface wave

Surface wave excited on the strip 0<z2<], —00 <y <0
E(t) = &g cos(wpt) sin(kgz), ko=mn/l, n=1,2,...
Number of the radiated quanta per unit time and per unit

length along the axis y
k? ‘ 2 U9
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