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1 Introduction

In our previous work [1] we discussed the problem of a charged rela-
tivistic particle passing through a medium. It was shown that at the
velocity of the particle v 2 (¢’ = £) the Cherenkov radiation dif-
fers from zero. This radiation is rather weak and at velocity v when
v < ¢, this radiation disappears. There was also a simple mechanism
proposed to avoid singularity in the electrodynamics when v = ¢. The
medium is supposed to behave as a collective and the characteristics
of this medium are described by a dielectric permittivity e. It is clear
that € is a function of frequency € = e(w) and at high frequencies when
¢ — 1 the medium loses the collective property and the charged particle
begins to interact with nuclei and electrons of the medium.

In this work we study the resonance bremsstrahlung of a charged
particle passing through the medium at velocities v, v = ¢ and higher.
It is clear that this charged particle interacts with the medium as a
collective. The property of this collective is determined by a dielectric
permittivity € = € + iez(e; = n* e = €(w)).

It is interesting to remark, that after discovering of a radiation
which differs from the luminiscent radiation, Vaviliv S.1. [2] came to
a conclusion that, the more probable reason of the new radiation 1s
bremsstrahlung of the Kompton electrons knocked out by gamma-rays
from atoins of the liquid.

At first, we discuss bremssrahlung of a fast charged particle when
it takes part in individual electromagnetic interactions. then the reso-
nance bremsstrablung of a fast charged particle in the medium.

2  The Bremsstrahlung of a Fast Charged Particle

The full energy = of bremsstrahlung of a fast charged particle is deter-
mined by the following equation [3]:
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where E ,H are tensity of external electric and magnetic fields; m. e are
mass and charge of the particle.

If the external field is divided into two components, parallel and
transversal to velocity , then for component .J; we obtain
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Ji = 37n203EH’ (3)
and for the transversal component J,, we obtain
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The angle distribution of bremsstrahlung energy is determined by
the following equation:
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where 7 is the direction of the bremsstrahlung.

If the velocity ¢ and acceleration 1 are parallel, then for 1 we obtain
the following equation:

dI” _ e? w?sin20 (1)
dQ  4red (1 - Leosl)d’ :
if ¥ and & are transversal, then for %% we ohtain the following equation:
di, ¢ 1 (1- g)sinQ()(,‘osQ;ﬁ (8)
dQ  4wed |\ (1= Zcosh)* (1 — Ycosh)s



In the angle distribution of the bremsstrahlung of the fast charged
particle, as we can see from (1)-(8), there is a peak in forward distri-
bution and width of this peak is determined by the following equation:
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Now we go on discussing bremsstrahlung of a fast charged particle
in a medium.

3 The Resonance Bremsstrahlung of a Fast Parti-
cle in a Medium

We study bremsstrahlung of a fast charged particle in a medium with
velocities v > €. And we are interested in the bremsstrahlung in the
region of frequencies w, when n(w) > 1, i.e. optics and X-ray regions.
Actually, it is the region of frequencies where the charged particle in-
teracts with the medium collectively but not individually. Then the
following subtitution should be done in equations (1)-(8):

c—dcd = E, (10)
n
where n? = Ree(e is dielectric permittivity). Moreover, in denomina-
tors of (1)-(8) (see [2]) there is factor € reduced with the same factor e
which appears at the substitution (10).

Besides, since the velocity of the light in the medium is d =z,
therefore the field around the particle will spread out in this medium
with the velocity ¢/, (which is less than c) and the field will remain
behind this relativistic particle. The triangle of the velocities of this

particle in the medium has the following form:



c 1
31 9’ = — = —_,
s vn gn’
T
0 =—-—0.
2

So, we can see that the field around the relativistic particle (v>¢)
has the form of a thin surface film of a rotation cone with the slope
angle 6’ to the direction of the moving particle. and ¢ is determined
by the value sin #' = Bin Then, the larger the refraction coefficient n
is, the smaller the scope angle of the surface of the rotation cone js
obtained (see work [1]). It is clear that the bremsstrahlung must, go

mainly in the transversal direction to the surface of the rotation cone.

So, the equations (1)-(8) transform in:

0 o<
e= [ Jdt= [T+ J)ar, (11)
where J) is:
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and J, is: .
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From equation (13) we see thaf singularity in the medium at the
charged particle velocity 12 = < appears there. Since € is a function of
w (e = €(w)), then the singuldrlt._x takes place at different velocities

vi(w) = <. (14)

At frequencies w(w — oc) when e(w) — 1. the charged particle begins
to interact with the medium individually but not as with a collective.
then the bsemsstrahlung becomes individual.

If € in (10) is a complex value e(w) = €1(w) + Jex(w). then (13)
transforms into the following equation:
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(15)

2¢2 EZ[(1~(1 Y 4 e
J = e

3Im2ed (1 — ¢ q)

This equation has a typical resonance form (sec [4]) with the point of
the resonance at e’z = 1 and with width T’

T v?

So, the charged particle bremsstrahlung in the medium depends on

its velocity as:
S~ (17)
1—e

and at 61‘: ~ 1, it has resonance. The equation for bremsstrahlung
when € is a complex value, is determined by equations (12) and (13)
where J —| J |.

Another equation for the bremsstrahlung full energy of the charged
particle in the medium is given in chapter 4.

Now we consider the angle distribution of the charged particle
bremsstrahlung in the medium.



If we take into account that ¢ — ¢ = ¢ in the medinmn. then
equations (7), (8) are transformed in the following equations:

dly e? w?sin®g ;
- = - (18)
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From equations (18), (19) we see, that their denominators are equal to
zero (i.e. (18), (19) have singularity) at:

€v '

LCOSG =1 or cos = —(—. (20)
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i.e. in the region of frequencies w, where €(w) > 1. there is the
bremsstrahlung in direction 6, determined by equation (20). This
bremsstrahlung has typical resonance form:
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The equations for the resonance bremsstrahlung of the charged parti-
cle in the medium can be obtained from ('18’) and (197) by using the

following substitution djl [ a |, ﬂ; I

The integrated on ¢ values of | ﬂ‘l l, [ 4 | are:
d5|| dI” dEH 1 (lSH
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de dh el lde,

= - ; 22

/ o) v dt (22)

where r = vt.



At the point of the resonance from (20), (21) we get the following
equations (cos = ﬁ, w = wp):

dE“ 62’2/ . 9,,€1.5

% = -ﬁw }38271 g(g)m (23)
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So, in dependence on the veloatv of the charged particle, the reso-
nance bremsstrahlung in the medium goes in different directions 6 (see
(20)), and at the velocity v = T the resonance bremsstrahlung goes
in the forward direction. When v < f the resonance bremsstrahlung
disappears. It is clear that since e depends on w, then the velocity
values v also depend on w. From (18) and (19) we also see that the
direction of the resonance bremsstrahlung coincides with the direction
of the Cherenkov radiation [5].

Let us discuss another approach for obtaining the bremsstrahlung
of the fast particle in the medium.

4 Full Bremsstrahlung of a Fast Charged Particle
in a Medium

The power of bremsstrahlung P of a charged particle can be presented
in the following form [3] (i.e. the lost power of the charged particle
through transverse acceleration):

2¢? 5 2 =12
P=m7w|1’|» (25)

where w is frequency.
Since = cmﬁy, then equation (25) is transformed into the follow-
ing equation:
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In a medium with dielectric permittivity €, equation (26) transforms
into the following equation:
2¢? . 1
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Equation (27) has singularity at B = .- This singularity can be re-
moved using the method proposed in [1], if we take into account that
€ = € + tey,

€1 =n%e=e(w), e = €(w), €2 = €a(w). (28)
Then 1 — €32 = (1 — €;3%) —€3? and P —| P |
2e? 1
Pl= -3 — . 2
| l 3¢ w (1 - 61/32)2 + (63/32)2 ( 9)

So, equation (29) is the equation for the bremsstrahlung of the charged
particle with velocity 3 = ¥ in the medium and this bremsstrahlung
has a resonance character at 3% = i As we can see from (27), this
bremsstrahlung goes in the forward direction ( the bremsstrahlung at

other angles is given by equations (18)-(19)).
At velocity 3 = —\/17_1 (in the point of the resonance) the density of
radiation | P | of the charged particle in the medium is given by the

following equation: )
2¢%0? €y (w)
3¢ (w)’

| P |= (30)

or
de 2w e (w)
dr ~ 3c23 e(w)’
and it is inversely proportional to the coefficient €, in square. The
equation (31) defines the losses of the charged particle in the mediuin
per unit of the length without taking into account the absorbtion part
(we suppose that €; << 1), which must be proportional to exp(—ez).

(31)

Equations (23), (24) and (31) are the same equations which are
necessary to be compared with the following standard equation for the
Cherenkov radiation:

de e? 1

dz ~ 2c

The expression for € is given in [3], [6].



5 Conclusion

The bremsstrahlung of the fast charged particle in the medium with
dielectric permittivity € at velocities v > £(Ree = n?) was considered.
The bremsstrahlung has singularity at ;3 = EiT{? (3 = L.6is an angle
of the bremsstrahlung). And this bremsstrahlung was interpreted as
resonance bremsstrahlung with the width characterized by Ime = ey,
and the less €y is, the higher the peak of this resonance rises. The
angle distribution of the bremsstrahlung is determined by cosf = ﬁ
and this angle coincides with the angle of the Cherenkov radiation. At
3= % this resonance bremsstrhlung goes in the forward direction. The
resonance bremsstrahlung depends on frequeney ofe = e{w)).

Evidentlv, an accurate experiment is needed to study the radiation
of the fast charged particle in the medium at velocities .3 > %

It is necessary to remark that in work [7] was reported about the
noticeable radiation in the forward direction in optics region. which
cannot be the Cherenkov radiation. since the Cherenkov radiation in
the forward direction must he equal to zero. This radiation was in-
terpreted by A.A. Tyapkin [8] as a coherent sum of radiation of the
charged particle in the medium at its velocity ¢ equal to the veloeity
of light in the medium.

In conclusion the author expesses his deep gratitude to Professors
Tyapkin A.A. and Zrelov V.P. for fruitful discnssion of this work.
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Bewiroes X.M. E2-98-23
Pesonaticroe TopmosHoe u3nyueHue GBICTPOH 3aPAXKEHHOM YACTHIIBI
B cpepie

H3yqaeTcs Topmostoe msnyyenue OBICTpOi 3apsXeHHOH YacTHLBI, JBHXYILEHCS

. c
B Cpefie ¢ IMITEKTPUYECKOl MPOHHLIAEMOCTBIO € CO CKOPOCTBIO U 2 — (n® = Reg). Do
n

1 v
TOPMOIHOC H3/TyEHHE UMEET CHHIYAAPHOCTE NPH B =—cos 6 (B=—, 6 — YIojt TOpMO3-
n ¢

HOro u3nyyeHna). OHO HMHTEPRPETHDPYETCS KaK Pe3OHAHCHOE TOPMO3HOE H3NY4EHHE
C LIMPHHOH, NPONOPUMOHATLHON €2 = ImE, W YeM MEHbIIE €2, TEM Bbille PE30HAHCHBIIH

pres

1
W OHO COBMANACT C yIMOBLIM PACIPENENeHHEM YEPEHKOBCKOro u3nyuewms. Ipu B =—
n

NMUK. Yrnosoe pacnpeneneHue 3Toro TOPMO3HOIO M3JTYY4EHUS onpeaenserca cos 6 =

PE30HAHCHOEC TOPMO3HOE H3NY4EHHE MIEET BIIEPEN M 3aBHCHUT OT YaCTOTHI () (e=¢(w)).

PaGora Bemonxena B JlaGoparopuu CBEPXBBICOKUX aHepruii OUSIH.

Coobuienue O6beIMHEHHOTO KHCTHTYTA SUEPHBIX Hcceaosannid. Jybua, 1998

Beshtoev Kh.M. E2-98-23
The Resonance Bremsstrahlung of a Fast Charged Particle in a Medium

The bremsstrahlung of the fast charged particle in the medium with dielectric
permittivity € at velocities 1)25 (n2=Reg) is considered. The bremsstrahlung has

! ( =2, 0 is an angle of the bremsstrahlung). This
ncos 0 ¢

bremsstrahlung is interpreted as resonance bremsstrahlung with the width characterized
by Ime =g, and the less €; is, the higher the peak of this resonance rises. The angle

singularity at [ =

distribution of the bremsstrahlung is determined by cos 8= 1 and this angle coincides

nf3
with the angle of the Cherenkov radiation. At B= 1 this resonance bremsstrahlung goes
n

in the forward direction and depends on frequency o (€ = & (w)).

The investigation has been performed at the Laboratory of Particle Physics, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 1998
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