THE PREWAVE ZONE EFFECT IN TRANSITION
RADIATION AND BREMSSTRAHLUNG BY RELATIVISTIC
ELECTRON

N.F. Shul’ga't S.V. Trofymenko!, V.V. Syshchenko®?
! National Science Center “Kharkov Institute of Physics and Technology”, 61108, Kharkov, Ukraine
2 Belgorod State University, 308015, Belgorod, Russian Federation

The problem of measurement of bremsstrahlung characteristics in the process of sharp scattering of relativistic
electron in the case when transverse distances responsible for radiation process have macroscopic size is considered.

It is shown that in this case the results of measurements substantially depend on the size of detector and its position

relatively to the scattering point. The problem of transition radiation by relativistic electron with nonequilibrium

own field which was formed in the result of sharp scattering is considered. It is shown that the state of electron with

nonequilibrium field manifests itself by suppression of transition radiation and by oscillation type of its characteristics

dependence on the distance between the plate on which the radiation occurs, and the scattering point.

1. INTRODUCTION

During the process of electron’s scattering the recon-
struction of the field around it occurs, which leads
to radiation of electromagnetic waves. For ultrarela-
tivistic particles the radiation process forms on dis-
tances along the particle’s initial velocity which con-
siderably exceed radiated wavelength. Such distances
are called coherence lengths of radiation process
(or longitudional radiation formation lengths)[1-3].
The same distances are responsible for rebuilding
of the initial field of the scattered particle while it
moves along the direction of scattering. Within these
lengths the field around the electron considerably dif-
fers from the coulomb one. The radiation process
is also described by characteristic transversal dis-
tances which are responsible for radiation formation.
Both longitudional and transversal radiation forma-
tion lengths can have macroscopic size not only in
the case of ultra high particle energies but for elec-
tron energies of several tens Mev in the millimeter
wavelength region as well. In the present paper we
show that under such conditions in the considered
case bremsstrahlung characteristics can substantially
depend on both the size of the used detector and its
position relatively to the scattering point. The ef-
fects in bremsstrahlung that occur in this case are
similar to the analogous effects in transition radia-
tion in prewave zone [4-7]. We also show that the
state of electron with nonequilibrium field substan-
tially manifests itself in the process of further transi-
tion radiation by such electron. In this case the effect
of transition radiation suppression as well as the oscil-

lation type of radiation characteristics dependence on
distance between the plate (on which the transition
radiation occurs) and the electron’s scattering point
takes place. The causes of such effects are discussed.

2. BREMSSTRAHLUNG

Let us consider the process of instant scattering of
relativistic electron to a large angle at which the par-
ticle’s velocity changes from the initial value v to the
final v’at the moment of time ¢ = 0. As it was shown
in [3] the retarded solution for the total field scalar
potential in the space after the scattering moment can
be presented in the following form (here and further
the speed of light ¢ is considered to equal unit):

p(r, ) = 0(r — ey (r,t) + 0L —7r)pw (r,1), (1)

where ¢, and ¢, are the coulomb potentials of
the electrons which move uniformly straightforward
along the axes z and 2’ (see Figure). The Fourier-
expansion of (1) over the plane waves with wave vec-
tors k is:
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where k> = ¢° + k2, k, and ¢ are respectively the
components of wave vector k along the z-axis and or-
thogonal to it(z-axis is chosen to be the direction of
the initial electron’s velocity v).
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to the well known expression for radiation distribu-
tion from the Bremsstrahlung theory [10]:

de e’ 2 3

dwdo w2 (92 + ,772)27 (8)
where ¥ = p/z is the angle between the direction of
radiation and the z-axis. As we can see from (8) in
the wave zone the radiation is mainly concentrated
within the characteristic angles ¥ ~ 1/~.

In the prewave zone (z < 2v?/w) of the radiation
process it is not possible to use the stationary phase
method for the analysis of radiation characteristics.
Here, making the substitutions ¢ = wz /v and p = 28,
we can present the integral (7) in the form:
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In the case v > 1 the absolute value of the integral
I, is neglectibly small comparing to the correspond-
ing value of Iy and for spectral-angular density of
Bremsstrahlung in the pre-wave zone we obtain:
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From (10) we can conclude that in the prewave zone
the radiation is mainly concentrated within the an-
gles ¥ ~ 1/+/wz, which exceed the characteristic an-
gles ¥ ~ 1/v of the wave zone. Therefore in the
prewave zone (z < 2v”/w) the point detector gives
broader angular distribution of radiation than in the
wave zone (z > 27 /w). Moreover this distribution
depends on the frequency w of the radiated waves.

By the point detector we mean here the detector
of the smaller size §p than the transversal radiation
length of the process Iy ~ ~/w which is the charac-
teristic transversal distance on which at the moment
of time ¢ = 0 the Fourier-harmonics of frequency w
are concentrated in the wave packet (5). Such detec-
tor registers the radiation of frequency w, which falls
on the small domain of space, where the detector is
situated.

The measurements however can be made by the
extended detector of the larger size than the char-
acteristic transversal length of the radiation process,
so that dp > lp. Such detector registers not only
the waves of frequency w which fall on the small el-
ement of surface with coordinates p and z, as the
point detector does, but all the electromagnetic waves
of frequency w which propagate in the direction of
wave vector k ([k| = w). In order to calculate the
bremsstrahlung spectral-angular distribution, which
is registered by extensive detector, which is a plate of

large size, we need to integrate the expression (7) over
the entire considered plate and express the obtained
result in the form of an integral over the directions
of wave vectors of radiated waves. The integrand at
that will be nothing else than the required distrib-
ution. In our case after performing the procedures
described above we can present the expression (7) in
the following form:
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where ¢, = g¢/w is the angle between the direc-
tion of the wave vector k and the z-axis. Hence
the Bremsstrahlung spectral-angular distribution ob-
tained by the extended detector coincides with the
one (8) obtained by the point detector in the wave
zone. But unlike the case with point detector this
distribution does not depend on the distance from
the scattering point and is the same both in the wave
and the prewave zones.

The analogous effects concerning large transver-
sal radiation lengths take place as well for backward
transition radiation during the electron’s traverse of
thin metallic plate [4-7]. It is explained by the fact
that the structure of the fields which arise in this case
is analogous to the one which takes place at the mo-
mentary scattering of the electron to a large angle.
Indeed, solving the boundary problem for the total
electric field on the surface of the plate we can finally
derive the explicit expression for the scalar potential
of the field reflected from the plate, which gradually
transforms into backward transition radiation [11]:
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where ¢, and ¢_ are the coulomb potentials of the
electron and its image inside the plate. Comparing
(12) with (1) we can see that in ultra relativistic case
after the electron’s traverse of the plate the structure
of the field on the left of the plate (we assume that
electron traverses the plate from left to right) is anal-
ogous, but not identical, to the structure of the field
which is ‘torn away’ from the electron at its scatter-
ing. Such structural similarity of the fields explains
the existence of analogous effects in bremsstrahlung
and transition radiation in the considered cases.

(11)

3. TRANSITION RADIATION

Let us consider the backward Transition radiation
which occurs when the scattered electron normally
traverses thin ideally conducting plate situated in the
direction of scattering in the plane 2z’ = z{ (see Fig-
ure). The Fourier-expansion of the field around the
scattered electron
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consists of two parts, the first of which describes the
equilibrium coulomb field of the electron which moves



with the velocity v’ along the direction of scatter-
ing, while the second part is the nonequilibrium field,
which is structurally equal to the ‘torn away’ field (it
is equal to equilibrium coulomb field outside the 6-
sphere and vanishes inside it). Hence, the second part
of the field (13) can be presented in the form (3) with
a mere substitution v — v’. The first part of the field
(13) can be presented in the analogous form by mak-
ing the substitution k, — k from k = /k2 + ¢% and
denoting k,v’ = w. From the expression for scalar po-
tential obtained by the considered transformations we
can derive the expression for the Fourier-component
of the electric field perpendicular to z’-axis, which in
ultra relativistic case is:
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From (14) it follows that the rebuilding of the field
around the electron occurs in such way that each
Fourier harmonic of frequency wg totally reconstructs
and becomes the harmonic of equilibrium coulomb
field on the distance from the scattering point which
coincides with radiation formation length for this wq
(|2'] ~ 242 Jwo). It is possible to place the plate quite
close to the scattering point so that at the moment of
electron’s traverse of the plate the Fourier-harmonics
of certain frequencies w < wg will have not yet re-
constructed. In other words it is possible to place
the plate in the prewave zone for these frequencies.
In this case the incident electron will be ‘half-bare’
and its transition radiation should differ from such
radiation by electron with equilibrium field.

The total field of the electron-plate system con-
sists of the field of ‘half-bare’ electron F| and the
field Eﬁ of currents induced on the surface of the
plate. Applying the boundary condition for electric
field on the surface of the plate F| (2 = 0) +E£(z/ =
0) = 0, we can find the expression for the Fourier-
harmonic of the field of induced surface currents:

(14)
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R is the distance between the point of the electron’s
traverse of the plate and the goint where the field is
considered, R =~ z{, — 2/ + p/"/[2(z} — 2)] and ¥ is
counted from the direction of —v’. This field gradu-
ally transforms into backward transition radiation.

The expression (15) can be simplified for —z' >
2% /w. In this case:
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and using (6) for spectral-angular density of transi-
tion radiation by ‘half-bare’ electron we obtain:
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The expression (17) differs from the corresponding
expression for transition radiation by electron with
equilibrium field by the interference factor inside the
braces and the coefficient two in front of them. As
we can see from (17), when the distance z{, between
the scattering point and the plate is much less than
the radiation formation length (Io ~ 2v%/w) the ra-
diation is highly suppressed. For larger values of 2z
the dependence of the radiation intensity on z{ has
the oscillation type with the period of the order of
the formation length:

A =Adn/w(9? + 2. (18)

Due to the nonzero frequency resolution Aw of the de-
tector it is possible to observe such oscillations only
in the area limited by the condition

zh < 2n/Aw (92 +472) . (19)

Also due to the nonzero size and, therefore, angu-
lar resolution of the detector the oscillations can be
observed only inside the region

2 < w/WIAD. (20)

For large distances 2z, >> A the considered oscilla-
tions disappear and the detector registers an inco-
herent sum of contributions to transition radiation
by electron’s own field reflected from the plate and
by the field of bremsstrahlung in this direction.

4. CONCLUSIONS

In the present paper the process of momentary scat-
tering of relativistic electron to a large angle is consid-
ered. It is shown that the observable spectral-angular
characteristics of bremsstrahlung which takes place in
this process substantially depend on the position of
the used detector relatively to the scattering point if
the size of the detector is smaller than the charac-
teristic transversal distance of the radiation process
lp ~ v/w. Namely in the prewave zone z < [ such
detector gives broader angular distribution than in
the wave zone z > [~ and such distribution depends
on the frequency of the registered waves in contrast to
the case of measurement in the wave zone. If the size
of the used detector exceeds [ the results obtained by
such detector do not depend on its position and coin-
cide with the results obtained by the point detector in
the wave zone. In the present paper it is also shown



that the state of electron with nonequilibrium field 5. N.F. Shul'ga, S.N. Dobrovol’sky. Theory of re-
can be manifested by its transition radiation if the lativistic-electron transition radiation in a thin
plate on which the radiation occurs, is situated (rel- metal target // JETP. 2000, v. 90, p. 579-583.

atively to the scattering point) in the prewave zone
of the frequences which are detected. Namely the
dependence of transition radiation intensity on the
distance between the scattering point and the plate

in this case will be of oscillation type with the pe- 7. A.P. Potylitsyn, M.I. Ryazanov, M.I. Strikhanov

riod of the order of the formation length. For even A.A. Tishchenko. Diffraction Radiation by Rela-
closer position of the plate to the scattering point the tz'q.n's.tz'c Partz’cless. Sehool-book. Tomsk: Publ. of

radiation will be highly suppressed. Tomsk Polytechnic University, 2008.

6. M. Castellano, V. Verzilov, L. Catani, et al.
Search for the prewave zone effect in transition
radiation // Phys. Rev. 2003, v. E67, 015501.

8. E.L. Feinberg. Consecutive interactions at high

References energies // JETP. 1966, v. 50, p. 202-214.

1. M.L. Ter-Mikaelyan. High-Energy Electromag- 9. N.F. Shul’ga, V.V. Syshchenko, S.N. Shul'ga.
netic Processes in media. New York: “Wiley”, On the motion of high-energy wave packets and
1972. the transition radiation by ‘half-bare’ electron //

9. V.B. Berestetskii, E.M. Lifshitz, L.P. Pitajevskii. Phys. Lett. A. 2001, v. 374, p. 331-334.
Quantum electrodynamics. Oxford: “Pergamon™, 10 gy Bolotovskii, A.V. Serov. On the imaging of

1982. the radiation field by the force lines // Phys. Usp.

3. Al Akhieger, N.F. Shul’'ga. High Energy Elec- 1997, v. 40, p. 1055-1059.

trodynamics in Matler. Amsterdam: “Gordon 1) '\ g gppon S V. Trofymenko, V.V. Syshchen-
and Breach Publ.”, 1996. . .
ko. On space-time evolution of the process of

4. V.A. Verzilov. Transition radiation in the pre- transition radiation by relativistic electron // J.
wave zone [/ Phys. Lett. 2000, v. A273, p. 135- of Kharkiv Nat. Univ. 2010, iss. 916, v. 3(47), p.
140. 23-41.

SO®OEKT IIPEABOJJIHOBOM 30HbLI B IEPEXOJIHOM U TOPMO3HOM
N3JIYYEHNN PEJIATUBUCTCKOTIO 9JIEKTPOHA

H.®. IMlyavza, C.B. Tpopumenro, B.B. Coiwenro

Paccmorpena mpobiema u3MepeHus XapaKTepUCTHK TOPMOZHOTO 3Ty Y€HUS TPU MTHOBEHHOM PACCEedHUN pe-
JISTUBUCTCKOTO 37EKTPOHA HA OOJBINON yroa B yCJIOBHAX, KOTJA TMOMEPEYHBbIE PACCTOSHUS, OTBETCTBEHHBIE
3a MPOIECC M3JIYUYEHUA, UMEIOT MAKPOCKOIHJIeCKue pasMepsl. 1lokazano, 910 B 3T0M CAyYae pe3yabTaThl U3~
MEpEeHU CYIECTBEHHO 3aBUCAT OT Pa3Mepa JeTeKTOpPa U ero IOJIOKEHUS OTHOCUTESLHO TOYKHM PacCesHUs.
Paccmorpena 3a1a9a 0 TEPEXOTHOM M3JIYYEHUHU JIEKTPOHA ¢ HEPABHOBECHBIM COOCTBEHHBIM TTOJIEM, KOTOPBII
06paz0BaJICA B PE3Y/ILTATE €0 PE3KOro paccesuud. [1okazaHo, YT0 COCTOSHUE 3TEKTPOHA C HEPABHOBECHBIM
TIOJIEM TIPOSIBJISIETCS B MOJABJIECHUM IEPEXOJHOTO UBJIYUYEHUSA U OCHWLIATOPHOM XapaKTepe 3aBUCUMOCTH €ro
XapaKTEPUCTHK OT PACCTOAHMS MEXKAY IJIACTUHKOW, Ha KOTOPOU MPOUCXOJAUT U3JIYUYEHUEe, U TOYKOH paccesi-
HUS.

E®EKT NEPEAXBUJIHOBOI 30HU ¥V NEPEXIJTHOMY TA TAJIbBMIBHOMY
BUITPOMIHIOBAHHI PEJIATNBICTCHKOI'O EJIEKTPOHA

M.®. Illyavea, C.B. Tpopumenro, B.B. Cuwenro

Pozrasiuyro npobsieMy BUMIDIOBAHHS XapaKTEPUCTUK TAJbMIBHOTO BUIPOMIHIOBAHHS TPH MHUTTEBOMY DPO3-
CiTHH] peNITUBICTCHKOTO €IEKTPOHA Ha BETUKWH KYT B YMOBAX, KOJIM IONEPEYH] BIICTaHI, IO BIATOBIIAIOTH
3a TPOIEC BUMIPOMIHIOBAHHS, MAIOTh MaKpOcKomiuui posmipu. lokazaHo, 10 B [bOMY BHIAJAKY PE3YIBTATH
BUMIPIOBaHb CYTTEBO 3aJ€KATh Bl PO3MIPY JETEKTOPA Ta HOTO MOJI0XKEHHS Bl HOCHO TOUYKE po3cigwua. Posr-
JTHYTA 334343 PO epexXigHe BUMPOMIHIOBAHHS €J1eKTPOHA 3 HEPIBHOBAXKHUM BJIACHUM TIOJIEM, IO YTBOPHUBCS
B pe3yabTaTi #oro pizkoro pozcisuus. lokazaHo, 1110 CTaH €IEKTPOHA 3 HEPIBHOBAXKHUM TIOJIEM BUABJISETHCS
B NPUTJIVINIEHHL TEPEXiTHOTO BUNPOMIHIOBAHHSA Ta OCHUAAIIIHOMY XapaKTepl 3aJeKHOCTI Horo XapaKTepu-
CTHK Bif BigcTami MiXk MIaCTHHKO, HA fKiil BiIOYBaeThCa BUNPOMIHIOBAHHS, I TOYKOI) POBCITHHS.



