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Abstract

In recent years, the interest to radiation of moving
charged particles in media with chiral properties is
connected with relatively new and prospective method for
diagnostics of biological objects which wuses the
Cherenkov radiation — Cherenkov luminescence imaging
[1]. Optical activity (chirality, gyrotropy) is typical or
biological matter and is caused by mirrorless structure of
molecules. Contrary to such gyrotropic medium as
magnetized ionospheric plasma, aforementioned media
are isotropic. One distributed model describing the
frequency dispersion of isotropic chiral media is Condon
model. In this report, we continue the investigation
performed in our previous paper [2] where we dealt with
the field produced by uniformly moving charge in infinite
chiral isotropic medium. Moreover, we perform
generalization of early paper [3], where the problem with
half-space was considered in the specific case of slow
charge motion. We present typical radiation patterns in
vacuum area and corresponding ellipses of polarization
which allows determination of the chiral parameter of the
medium.

THEORY AND ANALYTICAL RESULTS

Chiral isotropic medium can be described by the
following symmetrized material relations [2]:

D, =¢E,—ixH B,=uH,+ixE, (1)
connecting Fourier transforms (both 1-fold, as given by
formula (1), and four-fold with respect to time and tree
spatial coordinates) of field components. Condon model
[4] dictates the following frequency dependence for &
and k¥ (u=1):

w°’

e(w) = 1+a)12, [a),2 —a)zJ_l , kK(w)= a)()a)[a),z —a)zJ_l ,(2)

where @, is resonant frequency, @,

frequency and ¢« is a chirality parameter. Introducing

is a “plasma”

“potentials” E and E,, [2], so that
E,=E,+E, H,=H'+H, =i—\W(E; ~E,). 0
7
one can obtain the following independent equations:
AE;‘: + a)zc_lniE;‘;:

T e N R T
=2mun (—m)c nyj,+hy Vp,tic rot]w),

with n= ng , Ny = afgy tx, Re\/_> 0. Fundamental
solutions of (4) are two circularly polarized plane waves,
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Figure 1: Geometry of the problem.

with vectors E* and H™ rotating clockwise (right-hand

“4+7”) while vectors E- and H~ rotating
“—") in the

polarization,
counterclockwise (left-hand polarization,
plane orthogonal to propagation direction.

Here we consider a point charge ¢ flying from
vacuum into medium (2) with constant velocity V = fc

(Fig. 1). Charge and current densities are:
p=a5(x)3(NS(z-Vi), j=EVp. (5)

Using Fourier technique, we determined the field in both

half spaces and then perform matching of tangential

components for z=0. On the basis of relation
2 +
E E
Phy 10y 1 ps 2wip, 10E; o
o r or oy nn, Or 2 0roz

+
Q>

problem with respect to longitudinal components of

and analogous one for E we can formulate the

potentials E :

w: only. As usual, the field in each half space
is a sum of charge’s self-field and additional (radiation)
field excited by the boundary. After a series of
cumbersome calculations, we obtain that radiation field in
vacuum area ( z <0) is a sum of two waves, first of them

has polarization coinciding with that of self-field (E,, ,
E

»; and H,, components, co-polarization), while the

second one has the orthogonal polarization ( E H

P > wr
and H, components, cross-polarization):
d qk +o0 .
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k2 (k;n_ + nkg”*)(a)vflgmrn*l k" )

B = +
A, k2 —s?
K2 (kzvn+ +nk2"+)(wv_len,n_l —k;"_)
+L — - (10)
A, k-,
_ﬁ kln_+nk?"” . kin, +nk!""
AoV 4k oV kT
27, = n[m (et 4k ) (2 Gy kY )+
(11
+n_ (kZVnJr + nké"Jr)(k;"_ (n_n)'+ k! )],
ky=wlc, k;=,/k§—kf, kI =
Im\/_>0, sf =V7? (ﬁz—l). In the case of weak

chirality, |K’/ n| << 1, coefficient (9) is proportional to « .

Far-field (kyR >>1) can be determined from formulas
(7) and (8) using saddle-point technique:

k exp(ikyR)
Erad _ _pyrad _ 9% tOB" R (12
w0 @ " rm o Cl osing R 12)
gk exp(ikyR)
gred _ prad _ A% tOB’ . (13
e P (13)

while R -component tends to zero. There are two
transversal spherical waves with linear polarization. They
have identical phase velocity c¢. Vectors of electric field

of these waves are mutually orthogonal, E/** | H'™ and

ég form right-hand orthogonal set. If B), and B, are

purely real, then phase difference between waves (12) and
(13) is equal to 7/2, and the summary wave has elliptic

polarization with main axes ¢y and ¢, . In other cases,

polarization ellipse is rotated over some angle depending
on phase of polarization coefficient

_ ipp _ pyrad rad _ : pv v
P =[Pl = Eggt B =iBL B (09
In general case, we have in the harmonic regime
Ey(t) = Re[E;‘g’ exp(—ia)t)], (15)
E,(t)= Re[Eg,jj’ exp(—ia)z)] . (16)

Excluding time dependence from (15) and (16), we obtain
the following relation:

E, E2 _E,E
2t cosg, = (singp) . (1)
Ej\Pf Ey  Ej|P|
where
gky cot@
=270 B’ . 18
0 270 R lk,=kysin6 (18)

Equation (17) determines the polarization ellipse, i.e.
hodograph of the vector E =éyE, +€,E,. As one can

show from (17), main axes of this ellipse are rotated with
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Figure 2: Typical dependencies of n, over @ .

respect to ¢, and ¢, at angle y,, determined by the

following relation:

-1
tan2y ,, = 2|P|cosgop (|P|2 —1) . (19)

NUMERICAL RESULTS

Typical behaviour of n, (@) in accordance with (2) is

shown in Fig. 2. We choose 3 frequencies and calculate
radiation patterns in the far-field zone using (12) and (13)
for relatively small (fF=0.1) and relatively large

(£ =0.9) charge’s velocity. Results are shown in Fig. 3.
In most cases, radiation patterns have single lobe.

Magnitude of the lobe for Ear)“ed components is usually
several orders larger compared with that for Eg;fl.

However, for large frequency (@ =5w, ) these lobes are

comparable. In some cases patterns have two lobes. In
particular, for w=5w, second lobe for angles close to

/2 (near the interface) is connected with lateral wave
(contribution of the branch point). In fact, magnitude of
this lobe is greater than that of the “ordinary” lobe.

We have also plotted polarization ellipses for angles of
lobe’s maximum (these angles indicated within each lobe
in Fig. 3). It is supposed that corresponding wave
propagates to the observer (along é€p). In most cases,

these ellipses are strongly prolonged along ¢, direction,
i.e. spherical waves have expressed elliptical polarization
with main axes ¢, and ¢,. However, for =50,
polarization ellipse is similar to circle (4 =0.1), while
for #=0.9 its main axes are rotated by considerable
angle.
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Figure 3: Radiation patterns (| E,,
angles of lobes” maxima) in vacuum area for three frequencies of Condon model (2) with @,

propagate to the observer (along ép ) and vector E rotates along polarization ellipses in (¢, d) -plane.
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