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Abstract

 The de Broglie wave characterizing a relativistic particle moving in a
medium and X-ray radiation emitted in the medium by the same
relativistic charged particle are considered. Phase and group velocities of
both, de Broglie and electromagnetic waves are compared. The criterion
for the appearance of the Ter-Mikaelian longitudinal density effect

(dielectric suppression effect) is formulated in terms of phase and group
velocities.



Longitudinal Ter-Mikaelian density effect

When a relativistic charged particle moves through a medium, it emits bremsstrahlung radiation.
At lower photon energies, the intensity of this radiation is suppressed because of Ter-Mikaelian
longitudinal density effect [1], that sometimes is called as dielectric suppression [3]. The

suppression occurs at photon energies %o below the critical or cut-off energy E , =ha

cﬁ,,at

ho<E,=hao,,
where
E,; =ho, =yho,,
where y 1s the relativistic Lorentz factor, # is the Plank constant divided by 27, o, is the plasma

frequency in the medium, was confirmed experimentally in refs. [3]. In the present paper we will
consider the connection between the critical of cutoff energy and de Broglie wave of the incident
particle and wavelength of emitted electromagnetic radiation.
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Phase and group velocities of X-ray radiation in a medium
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The module of the wave vector of radiation in a medium is & = , where the dielectric constant

2
in the X-ray range is & =1- (&] . The phase light velocity is
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The group light velocity is
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One can see that

C

CopCor = %c\/; =c°.
&
The phase light velocity c,, always exceeds the common light velocity c¢. The group light

velocity ¢, always is below the common light velocity ¢ . But both phase and group velocities

are close to the common light velocity ¢ in X-ray waves because of @ >> @, in the X-ray range.
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Phase and group velocities in de Broglie wave of relativistic particle
The wave function of moving particle is the de Broglie wave [2].
The group velocity of the de Broglie wave of relativistic charged particle moving with velocity ¥

1S
B do

v =—=V.
“ dk
The phase velocity of the de Broglie wave of relativistic charged particle is
_ w ¢
T

One can see that for de Broglie velocities
c 2
VoaVe =C=V =c

similar to relation between the phase and group velocities for X-ray waves.
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De Broglie and electromagnetic waves

Let us consider the case, when the group velocity of the de Broglie wave of relativistic
particle 1s equal to the group velocity of X-ray radiation in a medium and also when the phase
velocity of the de Broglie wave of relativistic particle 1s equal to the phase velocities of X-ray
radiation in a medium. These two conditions are described by two equations
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0]

Both equations have only one solution, that exactly correspond to the critical or cutoff frequency
for Ter-Mikaelian density effect
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Results and discussion

The Ter-Mikaelian longitudinal density effect is insignificant, when the the group velocity
of the de Broglie wave of relativistic particle (V) is less than the group velocity of X-ray wave
radiated by the particle in a medium and simultaneously the the phase velocity of the de Broglie
wave of relativistic particle exceeds the phase velocity of X-ray wave radiated by the particle in a
medium.

The Ter-Mikaelian longitudinal density effect is sufficient and leads to suppression of
bremsstrahlung radiation, when the the group velocity of the de Broglie wave of relativistic particle
exceeds the group velocity of X-ray wave radiated by the particle in a medium and simultaneously
the the phase velocity of the de Broglie wave of relativistic particle is less than the phase velocity
of X-ray wave radiated by the particle in a medium.

The critical condition for Ter-Mikaelian longitudinal density effect is

By =10,
occurs when both the group and phase velocities of de Broglie wave of relativistic particle and X-

ray wave radiated by the particle in a medium are equal one to another.
Thus, we found the connection between the de Broglie wave and longitudinal density effect
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Two schemes of the volume refection
undulator
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Fig.1. Two schemes of the crystalline undulators based on the volume reflection effect.
Bent crystallographic planes are shown by curves. The layered volume reflection undulator is
shown in Fig. 1a and the solid state volume reflection undulator is shown in Fig. 1b. The electron

¢~ or positron ¢ moves with velocity 7 in almost straight lines between the reflecting points a
angle a with respect to the undulator axis shown be dashed line.



