Theoretical investigation of the parametric X-ray
features
I.D. Feranchuk, A.V. Ivashin

To cite this version:
I.D. Feranchuk, A.V. Ivashin. Theoretical investigation of the parametric X-ray features. Journal de
Physique, 1985, 46 (11), pp.1981-1986. <10.1051/jphys:0198500460110198100>. <jpa-00210147>

HAL Id: jpa-00210147
https://hal.archives-ouvertes.fr/jpa-00210147
Submitted on 1 Jan 1985

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

J.

Physique 46 (1985) 1981-1986

NOVEMBRE

1985,

1981

Classification
Physics Abstracts
07.85201329.90

Theoretical

investigation

of the parametric X-ray features

I. D. Feranchuk and A. V. Ivashin

Department of Physics, Byelorussian State University, Minsk-80, U.S.S.R.

(Reçu le 29 janvier 1985, accepte sous forme definitive

Resume.

2014

le 11 juillet

1985)

Dans cet article on présente les calculs numériques de la distribution spectrale et angulaire des rayons X
pour différents cristaux. On analyse leurs variations en fonction de l’énergie des particules.
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The numerical calculation of the parametric X-ray spectral and
Their dependence on the particle energy is discussed.

1. Parametric X-rays (PX) are one of several radiation
types which originate when a relativistic charged
particle interacts with a crystal. A review of the
articles where PX have been considered and the
detailed theory of this phenomenon are presented in
paper [1]. The comparative analysis of various X-ray
sources has shown that PX give the highest spectral
intensity in comparison with other radiation mechanisms [2].
In the present paper we have calculated the spectral
and angular distributions of PX for three specific
crystals and for different values of the particle energy.
These results are essential in order to choose the
optimum conditions for the experimental investigation of PX.
2. In accordance with reference [11, the condition
for PX is satisfied by the fact that the photon refraction index n(x, w) is more than unity when the Bragg
condition is fulfilled

is the reciprocal lattice vector, K is the wave
emitted photon, and w is its frequency.
As a result, the condition of the Vavilov-Cherenkov
c
radiation [3] (h
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is satisfied in the crystal, in contrast with the homo1 for X-rays [4]. Here
geneous medium, where n
v is the charged particle velocity and 0 is the angle
between the vectors v and i. Thus, the VavilovCherenkov radiation under the diffraction condition (1) is the parametric X-rays.

It has been shown [1] that one can obtain a qualitative description of PX by considering the diffraction
by the crystal of pseudophotons [11, forming the
relativistic charged particle electromagnetic field.
Therefore PX give the same reflections as those
formed when an X-ray beam with angular spread
A0 - mlE is diffracted by the crystal [1]] (rn is the
mass of the particle and E is its energy). Consequently,
PX as well as X-ray diffraction can be considered in
two cases : 1) dynamic theory and 2) kinematic
theory. The first case is realized in ideal crystals of
thickness L, greater than the X-ray extinction length.
In this case, PX reflections contain the most detailed
information about the crystal structure.
On the other hand, the kinematic theory of PX is
applicable for real crystals, which consist of thin
mosaic blocks turned relative to each other at the
angle 6 &#x3E; m/E [5]. This case is also realized for the
particle beam with angular spread åtf¡ &#x3E; m/E [5].
The kinematic diffraction is more convenient for the
experimental observation of PX and it can be most
easily analysed because the angular and spectral
distributions of PX are essentially simplified and
have a universal form for different crystals. Therefore
we shall only consider this case.
The formula for the number of photons emitted by
a charged particle in a thin crystal with KL I n - 1
1
was first obtained by Ter-Mikaeljan [6]. He treated
the interaction between the crystal and photons as
a perturbation. It was shown in [5] that PX from
different blocks are incoherent and that the results [6]
remain correct in the mosaic crystal with 6 &#x3E; m/E
under the condition that one takes into account the
refraction of photons and the multiple scattering of
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electrons in the crystal. Then the spectral and angular
distributions of emitted photons are defined by the

simple expression which
(18) (see [1])

follows from the

general

formula

Here gthgo are the Fourier components of the crystal dielectric constant. These values are directly connected
with the coherent scattering amplitude of the photons by the atoms of the crystal [1, 7]; 0g is the angle of multiple scattering; E. - 21 MeV and LR is the radiation length [6].
Formula (3) is written in the coordinate system with the z-axis directed along the particle velocity v;
(w Im go) - I is the absorption length of the crystal for X-rays of frequency w.
wn.1; and La
x 1
The analysis of formula (3) shows that the PX angular distribution consists of a series of peaks (reflections)
which are located along the diffraction directions defined by the vectors
=

=

These vectors coincide with the directions of diffraction of the real photons with the frequency (OB which
penetrate into the crystal with an angle 0p relative to the crystallographic planes defined by the vector i. The
frequency of PX photons in each reflection is concentrated near its own frequency WB’ which is

Thus, the distribution of PX reflections depends on the crystal structure and on the angles between v and
the crystallographic planes, but is not related to the particle energy. The intensity of PX is proportional to1 gT: 12
and therefore it is largest in those crystals where the density of atoms is maximum. This condition is fulfilled
in crystals with lattices of the diamond type. Figure 1 shows the distribution of the most intense reflections of
PX for three mutually perpendicular directions of the particle incidence in such crystals. The values of angles
and frequencies corresponding to photons in these reflections are listed in table I. These numerical data can
be also used for arbitrary crystal orientation because a rotation of the crystal of an angle A0 in some direction
leads to a rotation of PX reflections of an angle 2 A0 in the same direction and the frequency of photons in
each reflection changes in accordance with formula (5).

Table Ia.
metric

-

Numerical values

X-rays from electrons

in

of the parameters which define the intensity and angular distribution of the paracrystals having a lattice of the diamond type ; the vector v is directed along axis
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Table Ib.

Table Ic.

-

-

The same for axis 110

).

The

).

same

for axis
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consider the spectral and angular distributions of PX intensity within a definite reflection. For
if
one
detects the angular distribution only, the integration over OJ can be fulfilled in formula (3) and
example,
the result is

3. Let

us now

where d is the distance between the crystallographic planes corresponding to the vector i. It is convenient to
transform expression (6) into a dimensionless form by means of the normalized amplitude 3
NINO and
=

1984

Fig. 2a. The universal angular distribution and the
lines of the uniform intensity of the radiation in the PX
reflexes; x-axis is in the plane of the vectors v and i ; y-axis
is perpendicular to this plane; z-axis is directed along the
vector KB ; 0,
9°.
-

Fig. 1. The distribution of the most intensity reflexes
of the parametric X-rays in the crystals with lattice of
diamond type; R - 0, : a) the particle velocity is directed
18.43° ; CfJ2 45.53° ; b) the
along the axis 100 ); wi1
same for axis
19.5° ; CfJ2 64.3° ; c) the
110); T,i
same for axis ( I I I &#x3E; ; (p,
60° ; CfJ2 30°.
-
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Then the function

=

=

=

3(x, y) is the same for different crystals and figure 2 shows its typical form for several reflec-
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Fig. 3. The universal spectral distribution of the radiation in the PX reflexes : a) 6B
5°; b) OB
15°; c) OB
30° ; d) OB 450; the minimum for u 0 is appeared
-

=

=

=

when 0,

Fig.

2b.

The

same

for

OB

=

7T/8.

The number of photons Np, got into the detector
angular size 0, as a function of the particle energy;
lim NO; a) C; { 131 1; 00
10-’; L = Le;
N.
4.
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tions. Table I also lists the parameters No and Oph which define the absolute values of the intensity and characteristic angular spread for the reflection.
One can find an analogous form for the frequency distribution within the PX reflection which is obtained
by integrating over n.1 in formula (3)

where

This universal function is shown in figure 3.
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PX angular and spectral distributions have the same form for different crystals because this radiation is
generated by a charged particle moving with an uniform velocity. As a result PX characteristics do not depend
on the interaction between the particle and the atoms of the crystal.
The total number of photons recorded by a detector of angular size 0p is defined by the following expression

t

where pD =

0p

0phph
value

The
ND depends on the detector angular
size even for 0p &#x3E;&#x3E; Oph as distinct from bremsstrahlung
and channelling radiation. This circumstance is conditioned by the slow decrease - 0-’ of the PX inten-

sity.
According

to formula (9) the PX intensity has no
marked threshold character. But its angular distribution is defined by the parameter oph
Oph(E)
which increases for the electron energy
=

detector decreases quickly for E
Eopt. In this
formula (9) transforms as follows

case

the number of photons N, as a function of E for several values 0p and L.
We hope that the numerical calculations of the PX
characteristics, carried out in our work, will be useful
for the experimental investigation of this phenomenon.

Figure 4 shows
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We

in accordance with formula (6). The values Eopt for
different crystals are listed in table I.
As a result, the number of photons recorded by the
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