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Under the influence of electric and magnetic fields generated by a nonrelativistic electron moving in the regime
of a plane channeling, the induced time dependent ion electric dipole moments of a crystal medium are calculated.
Accounting the causality principle for this dipole system a general scalar potential which can be named a “wake”
one is found. It is shown that this potential in some crystallographic directions (for example, in ionic crystals) may
lead to an essential reverse influence on the regime of the channeling particle motion.

PACS: 61.85.+p; 41.75.Fr; 52.25.Vy

INTRODUCTION

Obviously, the motion of any particle in arbitrary
medium is accompanied by the mutual influence of
medium on a particle and a particle, in its turn, on
medium. This mutual influence in quite a complicated
way depends on medium characteristics, kind and
parameters of particles. For example, at the channeling
of relativistic electron (positron) its reverse effect on
crystal medium is negligible [1]. Just at the motion of a
heavy ion, on one hand, a polarization of crystal
medium occurs and on the other hand, a delayed in time
and space screening of a potential of an ion itself
appears [2]. It leads to an origination of so-called “wake
potential”. Note, that for the first time a qualitative
theory of a wake interaction for a charged particle
moving in plasma has been worked out in [3]. Similar
wake effects generate just in other cases. For example, a
wake potential which is possible at swift ions motion in
solids [4] is used for electron beams acceleration [5]. It
appears in carbon nanotubes [6], etc.

This paper deals with the investigation of the
channeling weak relativistic electron influence on
electron and nucleus subsystems of a crystal grid of an
ionic crystal which to some extent can be treated as
solid plasma. It should be emphasized that for the first
time the idea of the possibility of wake potential
generation at the channeling of relativistic electrons in
ionic crystals was stated in [7]. The case when a particle
effect on medium is not too strong is treated. Then the
problem can be solved by means of the successive
approaches (in the given paper a zero approach is
developed). In the opposite case when a particle effect
on medium may be compared with the effect of medium
on a particle (it is possible at the channeling of charged
particles along charged planes of some ionic crystals
and also at the motion along high indices directions in
many ionic and ionic covalent crystals) the problem,
evidently, should be solved in a self-consistent way by
means of a variation method.

Thus, supposing that crystal medium influence on a
moving electron is given (electron in a crystal is in the

states wy, X of a planar channeling with the

possibilities w, ), let’s come proceed to the

consideration of a reverse influence of the electron on a
crystal medium, i.e. let’s calculate the induced electric
dipole crystal moments.

ISSN 1562-6016. BAHT. 2015. N21(95)

1. CALCULATION OF ELECTRIC DIPOLE
MOMENTS OF CRYSTAL IONS

The expression for an electric charge density moving
with vV =vg, velocity of a relativistic electron (in

Y, X state) has a form

py Tt =—ey2 X8y dz-vt . (1)

In this case electric and magnetic field densities using
(1) and in the framework of the relativistic approach are
determined by the following expressions (see, for
example, [8]):

. e R F,t,&
En Pt =—— [y & ————dg,  (2a)
Y S R™ 1,t,&
-~ 1r. = .
H, 1.t :—[V,En rt ] (2b)

where y is a Lorentz-factor, R F,t,& = x—&,y,z—vt

— radius-vector from e charge to x,y,z field
observation point,
R'2 Ft,E :[ x—¢ 2+y2}/y2+ z-vt 2, The

induced electric dipole moment P, T;,t of a separate
crystal ion in the point with a radius-vector,
i = Nyay,nyay,n,a, (here ay, are the crystal grid
periods along X,y,z axes; nX,yVZ:O,J_rl,iZ,...), is

calculated by means of the following equation of the
oscillation type:

e = 2
Pn it +0Py Fyt +ogPy fyit =

_e2d4~ﬂE~1ﬂHﬁ
__FJ Fic |r—rﬁ|{ n Tt +Z[V’ n ot J},(S)

where m — an electron rest mass; k r — the density of
an electron distribution in an ion; g — a fading constant
bound to electron and nucleus oscillations; g — the
density of dipole proper oscillations. To solve the
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equation (3) one expands En r,t and I:|n rt fields

as it was done just in [3] into the following Fourier
integrals:

{%‘ F_’t }: jdlzdoi exp[i kF — ot } -
Hy Tt 2n H, k,o0

E, Iz,oo

. (4

where Fourier-components of the expressions (2a) and
(2b) by means of [8] are represented in the form:

E, kKo =4mief, k, S8 0KV, (Sa)
k2-2
CZ
. i v.k
H, Ko =285 [ ]26 o-kyv .  (5b)
C2

Here f, k, = fw\pﬁ € exp —ik,& d&. Substituting

(4) into (3), the right side of the equation (3) is
transformed into the form

e? . -
—— [dkdox exp[l Kr; — ot Jx o
X{En Ko +%[\7’Hn K,o ]},

where « k = IK r exp ikF dF — a special Fourier-

component of k r function. Substituting (5a) and (5b)
into the expression (6), from the expression (3) we find

a Fourier-component of P, f;,t electric dipole
moment:

- 4rie® kb, ke k k & o—k,v

Py k.o =

M2 2\" )
! 032—0)(2,+ioag {kz—w]

At last, substituting the expression (7) into a Fourier

. o dkd - I

integral P, 7.t =f LZexp[l ki — ot Jpn k.o,
2n

we come after long calculations to the expression for the

value P, it

bt =c [ ] va & didk,

n

k
2 Z
—00—0{ kf—m%/vz +k2292/v2}
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k, | = = ~ ~0 k
Xfxnzz [ex Xn =& _eyyny]"eng K g;fnz , (8)

K,g . g
where fkknzz :ZTgsm koA, —[%—kf}cos kzhn,
k, _ K0 05 2.
9, = cos kzhp + _VZ —kz |sin kA

k| r .
“(Z|K1(|Z|Q:’]—GZK1 Gzrén

" Y Y Ko 0,1

2p2

n
= B 2%,
X =Ny, Yn, =Myay ., Zn, =N;8
o, = k2 +4/b3 | rgﬁa/ xnx—i2+y§y,
B§=k2232+4/b§, B=v/c, M, =2 —M,

C =-16ae’/n?mv2bdy? MacDonald
functions. Note that calculating the expression (8) one

Kop X —

2
uses k k =32a 4+k2b§ function arising for

in an
namely

electron distribution density « r , chosen
exponential form,

Kr = 2a/nb03 exp —2r/by , wherea is a degree of

crystal atoms ionicity. Similar situation, for example,
takes place for negatively charged hydrogen ions H™
inLiH, ionic crystal for whichby =16ag /11, where aj
— a Bohr radius (see, for example, [9]). Analogous
situations are possible just in other ionic crystals.
2. CALCULATION AND ANALYSIS
OF A WAKE POTENTIAL

A wake potential, i.e. electrostatic potential,
generated by the system of electric dipoles induced, in
its turn, by a channeling particle, can be calculated by
means of the following expression:

® 7t =Z[F5n AR /|r—rﬁ|3]wn. o)

n,n

In particular, if we are restricted by the only
crystallographic plane (n, =0) and by the only one axis

(ny=0) on this plane, the total scalar potential

accounting the expressions (8) and (9) is determined by
the formula
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where
[ 2
D K, A, p = [“’—g kf}sm o, +529cos K,
v v
}\’Z
1 F 1;1 1 kzzp2 kg lg kgp vcos k,v dv
12722 4 2 312
p 2
0 p~+v
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2 2
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11 . .
i) (JJE,E;X) — a hypergeometric function; Iy x —a
modified Bessel function;

p=\/x2+y2. In the formula (10) the causality

principle is accounted and the transition from the

Ae=G-Vt, h;=z-wt,

summarizing by n, to integration a;lj-...dc, has

been realized, where a, is a distance between ions

along z axis.
In Fig. 1 the potential (10) is illustrated for the
example of nonrelativistic (y~ 2) channeling in ionic

LiH crystal when in H™ (111) planes with the potential
U x =—Ug/ch? b (b~0,22A, Uy ~0,26eV
[10]) pit the only one state with a wave function

Wo X =27° 2/bB s,s 2 s x/b is realized,

27,2 12
where s= 2myUgb /h +1/4 -2 (g and o
were chosen on the basis of heuristic conformations: ¢
~ V/by , &g ~ Ug/h).
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Fig. 1. The wake potential ¢ p,», behavior, arising fo

non-relativistic electron channeling along H™ planes of
ionic LiH crystal (in arbitrary units) depending on the
distance p and 2,

As it is clear from Fig. 1, the wake potential has the
reverse effect on the channeling particle. Let’s analyze
this phenomenon.

3. POTENTIAL WAKE REVERSE EFFECT
ON THE CHANNELING ELECTRON

The channeling electron interaction energy in a wake

— potential (10), averaged by thermal oscillations can be

written down in the form

2 \*® 2
- _P L T
Vp= eexp( Zuzjjlexp[ 2]I0[Uj¢ ut du,(11)

where u is an amplitude of crystal ions thermal
oscillations, ¢ p =¢ p,A, =0 . Fig. 2 shows the
function U,- p =V p - /V 0,- graph for the

above mentioned example (for H™ u~0,26A ions

[10]).
1 . _ B
Un (p)=V(p)n IV(O)1
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Fig. 2. Interaction energy U - p of the channeling

electron in a wake potential as a function of p distance
from z axis

Numerical evaluations of dependence (11) show that
the wake potential can have a significant impact on
thecharacter of a channeling particle motion (especially
in anomalous cases).
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CONCLUSIONS

Thus, in the paper it was shown that the channeling
of non-relativistic electrons in ionic crystals generates a
wake potential in the result of polarization of these
crystals. Besides, it is shown that a wake potential
affects a channeling particle. First, it is interesting from
the general scientific point of view since a certain
succession with analogous effects in many media is
traced, and second, it may be used in practice (for
example, at the investigation of the defects in crystals as
it is supposed in [11]).
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OCOBEHHOCTH ®OPMHUPOBAHUS KHJIBBATEPHOI'O IOTEHIIUAJIA 3A CYET
MOJSIPU3AIIMOHHOI'O B3AUMOJEVCTBUSI KAHAJIUMPYEMOI'O DJIEKTPOHA
C TBEPJOTEJBHOM IIJIA3MOM HOHHOI'O KPUCTAJLIA

H.B. Maxkcioma, B.H. Bvicouxuii, E.B. Mapmuviu

Ilox BO3mEHCTBHEM AIIEKTPUYECKOTO M MArHATHOTO MOJEH, CO30aBa€MbIX JBIDKYIUMCS B PEXKUME
IJIOCKOCTHOTO  KaHAJIMPOBAHUS PEJITUBUCTCKUM 3JIEKTPOHOM, PACCUUTBIBAIOTCS 3aBUCAIUME OT BPEMEHU
HaBEe/IEHHBIC DJIEKTPHYECKHE MAWIOIbHBIE MOMEHTBI HOHOB KpHUCTauMdeckoi cpeapl. C ydeToM MpHHIHIA
INPUYUHHOCTU ISl TOH CHUCTEMBbl JMIIOJIEH HAaXOIUTCS CyMMApHBIM CKaJSIPHBIM IOTEHIUANl, KOTOPBIM MOYKHO
Ha3BaTh  “KWJIbBaTepHBIM  MoTeHIMaioMm”’.  [loka3piBaeTcsi, YTO  O3TOT  TOTEHIHMAI B  HEKOTOPBIX
KpHucTaorpadu4ecKUX HaMpaBICHUAX (HaNpHMep, B HOHHBIX KPUCTAJUIaX) MOXET MPHUBOANUTH K CYIIECTBEHHOMY
00paTHOMY BIIMSHHIO Ha PEXXHM JIBIDKCHHS KAaHAINPYEMON JacCTHUIIbL.

OCOBJIUBOCTI ®OPMYBAHHA KIVNIbBBATEPHOT'O IIOTEHIIAJTY
3A PAXYHOK HNOJIAPU3AIIMHOI B3AEMO/IIi KAHAJIBOBAHOI'O EJIEKTPOHA
3 TBEPJOTIJIBHOIO IIJIABMOIO IOHHOT'O KPUCTAJIA

M.B. Makcwoma, B.1. Bucouskuit, €.B. Mapmuw

ITix niero enekTpUYHOTO Ta MAarHITHOTO IOJIB, CTBOPEHHX PYXOMHM Yy PEXHMI IUIONIMHHOTO KaHAITIOBAHHS
PEIATUBICTCEKAM €IIEKTPOHOM, PO3PaXOBYIOTHCS 3AJICXKHI Bil Yacy HaBeJICHI €JICKTPUYHI TUTIOIbHI MOMEHTH 10HIB
KpUCTaIIYHOTO cepefoBumia. Ha mifcraBi BpaxyBaHHSA MPHHIUIY HTPHIMHHOCTI JUIA Ii€l CUCTEMHU IHIIOJIB
3HAXOJUTHCSI CYMAapHUH CKaJSIPHUH MMOTEHIIA, SIKUIl MOJKHA Ha3BaTH “‘KibBaTepHUM roreHnianoM”. ITokasyeTbes,
10 el MOTeHIiaNl y AeSKUX KpUcTanorpadiuHux HampsMKax (HampHKIal, B I0HHUX KpHCTallax) MOXKE MPUBOJUTH
JI0 CYTTEBOTO 3BOPOTHOI'O BILIMBY Ha PEKHM PYXY KAHAIbOBAHOI YACTUHKH.

36 ISSN 1562-6016. BAHT. 2015. No1(95)



