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Interference phenomena in radiation of a charged particle moving in a system
with one-dimensional randomness
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This paper considers the interference contribution in the radiation generated by a charged particle moving
through a medium of randomly spaced parallel dielectric plates. For wavelengths much smaller than the photon
mean free path, there appears in the angular dependent radiation intensity an “enhanced backscattering” peak
in a cone with opening anglein the regimer— 6~y 1, wherevy is the Lorentz factor of the charged particle
in the medium.

PACS numbd(s): 42.65.Wi

I. INTRODUCTION is the electric radiation field. This tensor consists of three
contributions. The first two are the single scattering and the
It is well known that a charged particle passing through adiffusion contributions. They have already been studied in a
stack of randomly spaced dielectric plates radiates electrgarevious papelr2]. In the present paper we shall focus on the
magnetic wavessee, for example, Reffl]). The radiation is  third one, the interference contribution.
caused by the scattering of the electromagnetic field For completeness we present the single scattering and in-
(pseudophotonof the charged particle from the inhomoge- terference contributions without derivation. It was shown in
neities in the dielectric constant. In an earlier study one of ufRef.[2] that the single scattering contribution to the radiation
has showr{2] that, in analogy with three-dimensional ran- intensity| = (cR?/2)I;;(R) has the form
dom media[3], multiple scattering of the electromagnetic
field plays an important role. In that work only the diffusion o e? L,B(|ko—kcosh|)sir? § w?
contribution was taken into account. At this level the ap- | (‘9):2_ 21 SR 0K2/KZ12 Kic2! 2
) ' o ‘ C [y “+sin 6k/kgl koc
proach is equivalent to the radiative transfer theory for light
Feview. On ihe iher hand, Mierferénce fects are mportar1e76 Y= (1~ ev%/c?) s the Lorentz factor of the par-
when Waves ropacate ir,1 random iNhomodeneous pmedirﬂcle in the mediumn is the unit vector in the direction of
propag 9 . e observation poirR, havingz componenn,=cosé. Fur-
Anderson localizatiorf5] and the enhanced backscattering : . .
thermore ko= w/v, k= w\/e/c, while L, is the system size

peak(6] are manifestations of these effects. Other interfery the z direction. B is the correlation function of the dielec-
ence effects show up in correlations and higher moments P T ; . .
tric constant, which is random in tieedimension

the transmitted intensity. They were also reviewed in Ref.
[4]. 4

In the present paper we want to investigate interference B(|z—2'|)= w—4<s,(z)er(z’)>. &)
effects for radiation of a charged particle moving in a system c
with one-dimensional randomness.

It was shown in Ref[2] that in our situation its Fourier

Il. FORMULATION OF THE PROBLEM transform reads
The system which we want to study consists of a stack of w* 4(b—¢)?n sirtq,a/2
plates randomly spaced in a homogeneous medium. It is con- B(a)= 7 7 : (4)
z

venient to represent the dielectric constant as the sum of an

average and fluctuating part ) ) _ . )
wheren is the concentration of plates in the systdmis their

<g,(z,0)>=0. (1)  dielectric constant, andis their thickness. As seen from Eq.
e (2) at ak<1(B~const), the forward and backward intensi-

Here(..) means averaging over the randarooordinates of fieS are equal. Wherak>1, for relativistic particlesky

e(Z,w)=e+e(z,w),

plates. —k,y>1 the forward intensity §~0) is significantly larger
>r) the radiation tensor i§; (R) = E;(R) E:‘j(R), whereE,, _ I\'Iext.we present the diffusion contributi¢@] to the ra-
diation intensity
2.2 3
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where | ~4k?/B(0) is the photon mean free path in tze dp 1
direction. Expressior5) is obtained in the weak scattering ImX(q)= f ——=B(p)IMGy(g—p)= —F——

limit A<I<L and angleskl|cos#>1 Note that there is a (2m) 4Vk2_Q§
numerical inexactitude in Ref2]. A more precise approach I I
would be to solve the appropriate Schwarzschild-Milne X[B(|az— Vk*= gD +B(|a+ Vk*—ag)],
equation for the present problem. This could bring overall

prefactors of order unity8,4]. For our present purpose we |qp|<k. ©)

shall not be interested in these effects. 2 .
It follows from Egs.(2) and(5), thatIP/1°~(L,/1)?>1. Here B(p) =(2)"4(p,) B.(|p1|)’ wherep, is the transverse
. T Lo T component op. As mentioned above, the observation point
This means that diffusion contribution is dominating the. L . .
far away from the radiating system. For this reason, using

. . i
single scat_terlng_part._ As one cou_ld expec_t, th_e forward an(éq. (8), one can obtain the following useful relations for bare
backward intensities in the diffusion contribution are equalng_)o) Green’s function:

to each other. Finally, we note the strong dependence of th
diffusion contribution on the particle energy.

As was mentioned above, we have obtained expression Gy(R,r~———
(5) in the Cherenkov limik,— k. However, in order to sepa- 4mR
rate the radiation caused by the fluctuations of dielectric con- #*Go(R,r)  k2nin
stant from the Cherenkov one we believe that the condition ~
ko>k(v+e<c) is always satisfied. In principle, within the
plate an opposite condition\b>c can be satisfied. This is (10

possible because usually the average dielectric constant i i
smaller than the dielectric constant of the platén this case We shall need relation$)—(10) for the calculation of the

Cherenkov radiation can originate from each plate. Howevefnterference contribution. The background potential appear-
the intensity of this radiation will be proportional to the total N9 in EQ. (6) has the forn(2]

thickness of plates which is negligible compared to the sys-

tem size in thez direction. Note that all our three contribu- Ao(q)=— —
tions are proportional to the system size. c k“—q

eik(R—nr)

Z ik(R—nr)
e , R>T.
IR;d, 47R

87%e 8(q,— wlv)

(11)

As follows from Eq.(7), due to time-reversal invariand&®
IIl. INTERFERENCE CONTRIBUTION is related to the diffusion propagator in the following manner

The interference contribution has the form (see, for example, Ref§7,8]):

2 PC(ry,ra,r3,rg) =P(ry,rg,ra,ro). (12

IS(R =—Jdrdr’B r—r")Aq(F)AE(r’
(R = T6:7R% ( MAolM) Ao (1) SinceP(ry,r,,r3,r,) is the sum of ladder diagranig], the
diffusion propagator can be represented in the form
Xf drldrzdrgdr4 ’
P(ri,ro,r3,rg) =B(ri—ry)B(rz—rg)P(R',ry—rp,rz—ry),
X e k= rIpCir, vy ra,r)G(rg,r) (13
><G*(r’,r4)[5ii52-+nin-nz—53in-nz— Synin,], whereR'=1/2(r3+r,—r,—r5) and P has the limiting be-
! e ! ! havior
(6)
Im G(p)ImG(q)
wherePC can be represented diagramatically as P(K—0p,q)= TTims () A(K), (14
Fl. F;” where
PO(7), 7y, 73, 74) = T ':iﬁI.{I-IZ{fii:_ @) a0 1 5
2 ( )_W3K§+2K,§' 19

To T4

The solid line denotes the averaged Green’s function and t Notice that in Eq(41) of Ref.[2] there occurs a misprint in

) . e numerical factors 0A(K).] In our previous papdgrR] we
dotted one denotes the correlation function of the ran(.joniqnvestigated the special cag =0, which was sufficient for
cﬁelectnc constant. In the mdependent scatterer approxmas—tudying the diffusion contribution. Using Eq4.2) and(13)
tion the averaged Green's function has the form and changing the variables of integration by formulas

1
o 1
G(q)_kz—q2+i Im3(qg)’ ® X1:r1_r4,X2:r3_r2,R’=E(r3+r2_r1_|’4).|’45r4

(16)

where the imaginary part of the self-energydify) is deter-
mined self-consistently by the Ward identity we find from Eq.(6)
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c (1—n§)ck2 angular width of the peak is of ordar2mwa, wherea is the
I=(n)= 3272¢ thickness of the plates, while in the case of diffuse light

propagation it is of ordex/l, wherel is the mean free path.
Then the peak disappears in the “white noided<1 case.
Considering angles si#>\/27L, and calculating the inte-
gral overK in Eqg. (19) we have

5v2 arctav2 e L,
= — 7B(lkcost+ ko)

xfdrdr’B(r—r’)Ao(r)Ag(r’)f dx,dx,dR’dr,

x explikn-[R— (X, +X,)/2]}
X P(R’,X1,%2) B(X1)B(X2) 1€(6)

2me

X1+ X,

XG|R'+

+r —r)G*(r’—r ). (17) sin? 6|cosd)|
) ) “ESiE 0+ K2y 2P 20

In the Fourier representation one finds from Exj) For obtaining Eq(20) we cut off the integral oveK at an

(1—n§)ck2 dqda;da,dK upper limit equal to 1/ In the optical region the ratio
> f = M2mwL, is of order~10*—10"°. Therefore the condition
32m°e (2m) sing>\2wL , is always satisfied in the optical region. Com-
% —kn—-K—0a)2B B paring Eq.(20) with the single scattering contribution E@®)

BlOlAS(~kn =K~ a)l"B(ayB(q,) we see that /1%~ 1/(kl)2<1.

The interference contribution, though small, has quite dif-
ferent angular dependence. Accounting for the form of the
correlation functionB of Eq. (4), it follows from Eq. (20)

(18) that the maximum of the radiation intensity for relativistic
Substituting Eqs(8), (11), and(14) into Eq.(18), taking into partlclesihlavmgy> 1, soky—K, lies in the angular region
account that the main contribution in the integral over ¢~7—7y . These angles are very close to the backward
come from the regiok— 0, and sequentially integrating Eq. direction. On the other hand, the maximum of the single

1€(n)=

K K
XP|K.k,n+ Z—qg knt 5—aq, |G(kn+K)|2.

(18) using the Ward identity9), we find from Eq.(18) scattering contribution lies in the strongly forward range of
small anglesp~y 1.
c 10me?L,|n,|(1—n,)?B(|k cosf+ko|) So, by investigating the angular dependence of the radia-
I~(n)= =Cl tion intensity for the angles close to the peak ome 6
~y~1, itis possible to pick out the interference contribution,
dK 1 because the diffusion and single scattering contributions do
X (2m)% (3K2+ ZKi)[(Kp+ kn,)2+k3y 2]% not have any peculiarities at these angles.
(19 IV. SUMMARY
Note that forak>1 one getsB(2k)/B(0)~ 1/k?a’<1. It We have considered the influence of interference effects

follows from Eq.(19) in the Cherenkov limik—k, that the  on the radiation of a charged particle passing through a stack
backward intensity §~ ) is significantly larger than the of randomly spaced dielectric plates. It appears that the in-
forward intensity ¢~0). This is the main characteristic fea- terference contribution to the radiation intensity has a peak in
ture of the interference contribution. It is analogous to thethe backward to particle motion direction. Though its value
enhanced backscatter peak which occurs in propagation @ small compared to the single scattering and diffusion con-
light in the randomly inhomogeneous med#l. However, tributions, it can be investigated experimentally. This is pos-
there are essential differences. As is seen from(E®), the  sible due its specific angular dependence.
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