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Radiation spectrum of an electron moving in a spiral
in medium
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The action of the Doppler effect on the particularities of radiation power spectral distribution of an electron
moving in a spiral in a medium has been investigated near the Cherenkov threshold. The fine structure of
the electromagnetic radiation spectrum at the Cherenkov threshold and the synchrotron-Cherenkov radiation
spectrum for an electron moving along a spiral with non-relativistic longitudinal component of the velocity
(i.e., the component parallel to the magnetic induction vector) in a transparent isotropic medium have been
obtained and studied.
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1. Introduction

In case of the charged particles moving in magnetic field, three kinds of radiation are possible
in a medium [1-5]: synchrotron, Cherenkov, and synchrotron-Cherenkov. In papers [5-11] the au-
thors studied the particularities of the synchrotron-Cherenkov radiation spectrum in a transparent
medium with the relativistic longitudinal component of the velocity (the component parallel to the
magnetic induction vector).

The aim of this paper is to investigate the spectral distribution of the radiation power for an
electron moving in magnetic field using the improved Lorentz’s self-interaction method [4,5]. Using
the exact integral relationships for the spectral distribution of the radiation power of an electron
moving along a spiral in a transparent isotropic medium, the fine structure of the electromagnetic
radiation spectrum at the Cherenkov threshold and synchrotron-Cherenkov radiation spectrum was
investigated by means of analytical and numerical methods. The action of the Doppler effect on the
particularities of radiation spectrum of a single electron at its motion in a spiral in a transparent
medium with non-relativistic longitudinal component of the velocity (i.e., the component parallel
to the magnetic induction vector) is investigated.

2. Time-averaged radiation power of charged particles

The time-averaged radiation power P of charged particles moving in a transparent isotropic
medium is expressed in [4,5] as

T
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Here j(f’, t) is the current density and p (7, t) is the charge density. The integration is over the
volume 7. According to the hypothesis of Dirac [12-15], the scalar ©P' (#,¢) and vector ADir (7,t)
potentials are defined as a half-difference of the retarded and advanced potentials.
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After substituting the scalar o (7,t) and vector AP (7,t) potentials into (1) we obtain the
relationship for the average radiation power of charged particles moving in a transparent isotropic
medium:

P = / dw W (w), 2)
0
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Here W (w) is a function of the average spectral distribution of radiation power, W (t,w) is a
function of the instantaneous spectral distribution of radiation power, u(w) is the magnetic per-
meability, n (w) is the refraction index, w is the cyclic frequency, and c¢ is the velocity of light in
vacuum.

3. Radiation spectrum of an electron moving along a spiral with a low lon-
gitudinal component of the velocity

The motion law and the velocity of an electron moving in a spiral in a transparent medium are
given by the expressions

- - - — d_' t
7(t) = ro cos(wot)i + rosin(wot)j + Vitk,  V(t) = ’;15 ). (5)

Here rg = VJ_wal, wo = ceB*E~L E = c\/p? + m3c?, the magnetic induction vector Bext |0z,
V) and V| are the components of the velocity, p and E are the momentum and energy of the
electron, e and mg are its charge and rest mass. We obtain the time-averaged radiation power of
an electron after substituting (5) into (2) to (4). Then (see [4,5])

P = Oodw W (w), (6)
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After some transformations from relationships (6) and (7) for the longitudinal component of
the velocity Vj| < ¢/n (w) the contributions of separate harmonics to the averaged radiation power
of the electron can be expressed as
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n(w) w /
W) w sinf, Jn (q) and J,, (q) are the Bessel function with an integer index and
Cc Wo
its derivative, respectively.
For the velocities V|| < ¢/n (w) each harmonics is a set of the frequencies, which are determined

from the solution of the equation

where ¢ =V

(179, s0) o, ®

4. Spectral distribution of radiation power of an electron moving along a
spiral near the Cherenkov threshold

Let us consider some partial case when € = const and g = 1, i.e. the low-frequency spectral
range is under investigation. The spectral distribution of radiation power W (w) in transparent
isotropic medium at the velocity absolute value Vieq = ¢/n = 0.2306-10'! cm/s at B®™' =1Gs,
p=1, n=13 is presented in figures 1 and 2. These calculations were carried out by using the
relationship (7).
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Figure 1. Spectral distribution of radiation
power of an electron moving in a spiral in a
medium at the velocity absolute value Vijea =
¢/n = 0.2306 - 10" cm/s at low harmonics at
B =1Gs, p=1, n=1.3, Vimea = 0.2301-

Figure 2. Spectral distribution of radiation
power of an electron moving in a spiral in a
medium at the velocity absolute value Vijeda =
¢/n = 0.2306 - 10" cm/s at high harmonics at
B™* = 1Gs, pw =1 mn =13 Vimea =

10t em/s, Vimea = 0.15 - 10'° cm/s, ro1 =
2048 cm, wo; = 0.1124 - 108 rad/s, c¢=0.2998 -

10" em/s, Py, = Py = 0.2629-107 1 erg/s.

0.2301 - 10" cm/s, Vjmea = 0.15 - 10'° cm/s,
7oz = 2048 cm, wo2 = 0.1124 - 10° rad/s, ¢ =
0.2998-10" cm/s, P, = 0.2085-107'2 erg/s.

For the case Vipea = ¢/n = 0.2306 - 10'* cm/s at the Cherenkov’s threshold the overlapping
between the harmonics was studied. As one can see in figure 1, the overlapping between the
harmonic shifts to the higher harmonics with a decreasing longitudinal component of the velocity.

At higher harmonics the maxima in the spectral distribution of the radiation are caused mainly
by the overlapping between the neighbouring m*™ and (m + 1)th harmonics (see figures 1 and 2)
as well as by some contributions of other harmonics.

The spectral distribution of the synchrotron-Cherenkov radiation power in transparent medium
above the Cherenkov threshold (a velocity absolute value Vipea > ¢/n) at B™' = 1Gs, p =1,
n = 1.3, 1is presented in figures 3 and 4. The high-accuracy numerical calculations according to
relationships (6) and (7) have shown that the synchrotron-Cherenkov radiation of the electron
moving in a spiral in a medium (p = 1,7 = 1.3) is an unified process [3,5] and made it possible to
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obtain the magnitude of radiation power Pt i=F;
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Figure 3. Spectral distribution of synchrotron- Figure 4. Spectral distribution of synchrotron-
Cherenkov radiation power at the velocity ab- Cherenkov radiation power at the velocity ab-
solute value Vmea > c¢/n at low harmonics at solute value Vmea > ¢/n at high harmonics at
B™ = 1Gs, p =1, n = 1.3, Vimea = B™" = 1Gs, p =1, n = 1.3, Vimed =
0.24 - 10" cm/s, Vjmea = 0.15- 10" cm/s, 0.24 - 10" em/s, Vjmea = 0.15- 10" cm/s,
ro3 = 2285 cm, woz = 0.1050 - 10° rad/s, roa = 2285 cm, woa = 0.1050 - 10° rad/s,
Pt . =0.3058 - 107" erg/s. Pt ., =0.3579-107'2 erg/s.

At higher harmonics, the maxima in the spectral distribution of the synchrotron-Cherenkov
radiation are caused mainly by the overlapping between the m' and (m + 1)™ harmonics (see
figures 3 and 4) as well as by some contributions of other harmonics.

As one can see in figures 1 to 4 all the calculated spectral dependencies of the radiation power
spectral distribution are of a non-monotonous character near the Cherenkov threshold.

5. Conclusions

For a non-relativistic longitudinal component of the electron velocity, the overlapping between
the harmonics begins at higher harmonics number with a decreasing longitudinal component of
the velocity.

At higher harmonics, the maxima in the spectral distribution of the synchrotron-Cherenkov
radiation are caused mainly by the overlapping between the m'" and (m + 1)th harmonics.

The spectral dependence of the radiation power spectral distribution is of a non-monotonous
character near the Cherenkov threshold.
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CnekTp BUNPOMIHIOBAHHS €J1IEKTPOHA, L0 PYXaETbCA B3J0BX
rBUHTOBOI JIiHIT Yy cepenoBULL

A.B.KoHcTaHTnHOBWY, |.A.KOHCTAHTMHOBMY

YepHiBeLbKkunii HauioHanbHWIA yHiBepcuTeT iM. Opis deabkoBurya,
By”N. KouobuHebkoro 2, 58012, YepHiBLi

OTpumaHo 4 BepecHs 2006 p., B ocTaTodHOMY BUmaai — 27 rpyaHs 2006 p.

DocnipxeHo Bnnne edekTy [lonnepa Ha 0co6aMBOCTI CNEKTPaNbHOro Po3noainy NoTyXXHOCTI BUMPOMIHIO-
BaHHS €NeKTPOHA, LLI0 PYXaETbCSA B3A0BX MBUHTOBOI NiHil y cepenoBuLLi, 0613y 4epeHKOBCbKOro 6ap’e-
py. OTpymMaHa i gocnigkeHa ToHKa CTPYKTypa eneKkTPoMarHiTHOro crekTpa Ha YepeHKoBCbkoMy Gap’epi Ta
CrnekTpa CUHXPOTPOHHO-YEPEHKOBCHLKOIrO BUMPOMIHIOBAHHS €MTEKTPOHA, LLLIO PYXAETbCS B3O0BX MBUHTOBOI
NiHii y Npo30poMy cepenoBuLL, 3 HEPENSATUBICTCLKOK NMO3L0BXHbOIO KOMMOHEHTOIO LBUAKOCTI (KOMMO-
HEHTOIO, L0 NapasienbHa BeKTOPY MarHiTHOT iIHOyKU,i).

Knio4oBi cnoBa: CYHXPOTPOHHE BUMPOMIHIOBAHHSI, CUHXPOTPOHHO-4YEPEHKOBCHKE BUMPOMIHIOBAHHS

PACS: 41.60.-m, 41.60.Ap, 41.60.Bq, 03.50.-z, 03.50.De




10



