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a b s t r a c t

Theory of parametric X-ray radiation (PXR) is developed for the case of composite bunch consisting of
two fractions of charged particles with different charges and distributions. We suggest PXR as an instru-
ment for the composite bunch diagnostics, for example in case of ion beams in crystal, consisting of two
fractures of different ions. Also, for atto-second electron bunches the characteristics of coherent PXR are
discussed.

� 2015 Elsevier B.V. All rights reserved.

1. Introduction

Parametric X-ray radiation (PXR) occurring when charged parti-
cles move in a crystal was predicted theoretically by Ter-Mikaelian
in 1972 [1], and then observed experimentally at the Tomsk
Synchrotron Sirius in 1985 [2]. Since then PXR has been studied
very well, both theoretically and experimentally (see [3–5]).
However, up to now PXR is not used in practice owing to rather
weak brightness. Nevertheless, PXR is intensive enough to be
detected experimentally, and can serve as a source of information
about bunches of charged particles.

2. Polarization currents and field of X-ray parametric radiation

Using the kinematic theory of scattering of X-rays, it is not hard
to obtain an expression for the electric field intensity at a distance r
from the scattering of the crystal [1]:
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r is the wave-vector of the radiation. Let

us consider PXR from a composite bunch of ions passing a crystal,
on the basis of the clear physically conception of polarization cur-
rents (see, for example, Chapter 4 in monograph [6]). For M sorts
of charged particles of quantity Ni with different charges
Zi; i ¼ 1;2; . . . ;M one can obtain:
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3. Parametric X-ray radiation from composite bunches

The composite bunch is thought to be mixture of two bunches
of charged particles with different distributions and different prop-
erties of the single particles they consist of, see Fig. 1.

The field of radiation from two particles is
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Then the distribution of radiated energy per solid angle dX and fre-
quencies is defined by

d2Wðn;xÞ
dxdX
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where
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For a bunch – mixture consisting of N1 particles of 1st sort and N2

particles of the 2nd sort, it is not hard to obtain the expression sim-
ilar to Eq. (7) with

FN
g ðkÞ ¼

X2

i¼1

X2

j¼1

XNi

p¼1

XNj

l¼1

ZiZj cosððg� kÞðDrp
i � Drl

jÞÞ

¼
X2

i¼1

XNi

p¼1

Z2
i þ f N

g ðkÞ ð8Þ

where

f gðkÞ ¼
X2

i¼1

X2

j¼1;
j–i

XNi

p¼1

XNj

l¼1;
l–p

ZiZj cosððg� kÞðDrp
i � Drl

jÞÞ

¼ Z2
1N1N1

XN1

p¼1

XN1

l¼1;
l–p

cosððg� kÞðDrp
1 � Drl

1ÞÞ

þ Z2
2N2N2

XN2

p¼1

XN2

l¼1;
l–p

cosððg� kÞðDrp
2 � Drl

2ÞÞ

þ 2N1N2Z1Z2

XN2

p¼1

XN1

l¼1;
l–p

cosððg� kÞðDrp
2 � Drl

1ÞÞ; ð9Þ

here Drp
i describes position of the p-th particle of the i-th sort, and

Drl
j similarly. The first term in Eq. (9) is responsible for the field of

radiation produced by the particles of the first fracture of the bunch,
the second term, correspondingly, describes the contribution of the
second fracture, and the last term reflects their interference.

Let us put

N1 ¼ aN;
N2 ¼ ð1� aÞN;
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distinguishing two different fractures of the charged particles in a
beam: first fracture of particles with charge Z1 in proportion a,
and second fracture of particles with charge Z2 in proportion
ð1� aÞ. We suppose that the distribution of particles in beam is
described by the Gaussian function
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centers of the beam distributions coincide, and ri; i ¼ 1;2 defines
the width of distribution for the first and the second fractures, cor-
respondingly. The average value of the first term in sum in Eq. (9)
can be written in form
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The third term responsible for the field produced by the charges of
the different bunches after averaging takes the form:
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Thus, Eq. (8) takes the form:
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Coherent part of radiation becomes comparable to the incoherent
part when
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This can be achieved for very small the beam size or for a compar-
atively big period of periodical structure. The former is feasible for
attosecond bunches [7,8], the latter needs using of artificial periodic
structures with a desired period.

It is interesting that the expressions obtained show that even
incoherent radiation gives possibility to determine the proportion
a describing fracture of the constituents of the whole bunch.
Indeed, if Fcoh is small we can still determine characteristics of
the bunch by the following expression with help of Eq. (13):
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can be measured from the peak of PXR.

Fig. 1. Bunch consists of two fractures with different charges and different
distributions.
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