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l.INTRODUCTION 

We consider the radiation emission by a set 
of ultrarelativistic charged particles which un- 
dergo multiple elastic collisions with atoms of a 
amorphous scattering medium. The radiation 
emission by a bunch of identical particles as 
well as by a high energy electron-positron pair 
and an ultrarelativistic hydrogen- like atom in 
the medium is investigated theoretically in de- 
tail. 

ZSTATEMENT OF THE PROBLEM. 

We consider the system of charged ultraze la- 
tivistic (flp ZQ mp) classically fast ( Ep > w is 
a radiation frequency ) particles which do not 
interact with each other ( E,, m,,, e, are the 
energy, the mass and the charge of the parti- 
cle, h = c = 1 ). These particles enter a ho- 
mogeneous , semi-infinite, amorphous scatter- 
ing medium with a permeability C(W). In the 
initial period, z = 0, particles are located in the 
points 6~1, To2 . . . , ?c~ , and are the velocity 
$01, $02, “‘, iiON, which are equal to 
v, = [l - (m,/Ep)2]‘/2, They are directed at 
angles ] B,, ]< 1 (cc = 1,. . . , N - is the number 
of the particles) to the e’, vector ( vector of the 
inward normal to the boundary of the medium 
). Let the characteristic longitudinal size of the 
beam L be such that Lvc < T ( the time when 
the particles move in the medium). 

3,SOLUTION OF THE PROBLEM. 

The spectral-angular distribution of the en- 
ergy emitted by these particles is 
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where z is the wave vector of the radiation 
field, dC& is an, element of solid angle in the 
direction ii = k/k; k = d2(w), qt + 7) + 
70~; Cp(t)+?op; G@(t+r); v’,(t) are radius vectors 
and the velocities of the particles at the time 
t + 7 and t respectively, r is the time scale of 
the radiation formation (the coherence time), 
and the t is the time at which the radiation is 
emitted. 

To calculate the observed spectral distribu- 
tion of the emission energy of the particles in 
the medium, dE, /du, we must average expres- 
sion (1) over all possible trajectories of the par- 
ticles in the scattering matter (11. To solve 
this problem it is necessary to find [2] twotime 
distribution function of the particles in a scat- 
tering medium. In the case of ultrarelativis- 
tic classically fast particles the solution of the 
problem is determined by the Fourier compo- 
nent of this function J’~E(?~; v’,, t, 7): 
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The function Fi(CP; Gu, t, T) satisfies to the 
following equations and the initial condition [2]: 
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where qo is the average square of multiple scat- 
tering angle for a positron per unit of path [3], 
V,(i); E,; U(i); Eo corrwpond to the Fourier 
component of the potential of interaction with 
the atom of a medium and the energy for the 
particles which number is p and for the positron 
respecti vely; 4 and 5 angle vectors which are 
connected with GP(q) and CP(c) by the ordinary 

formulae of the theory of multiple scattering in 
a amorphous medium [3]. 

4.RESULTS. 
The theory of radiation emission by the set 

of ultrarelativistic charged particles which are 
scattered multiple elastic in a amorphous me- 
dium is developed. The spectral-angular distri- 
bution of the emission energy by these particles 
is obtained. 

The emission of of a bunch of identical parti- 
cles{ Ep z E,mr s m;e, s e;qp z qo~~2 E q) 
is investigated in detail. We show that the spec- 
tral distribu tion of the emission energy has at 
least one extremum. If the bunch of the parti- 
cles is a pulse one the extremum is the maxi- 
mum , moreover, the maximum is unique. The 
value of the emission energy at the maximum, 
the maxi mum position as well as the width of 
the maxi mum depend essentially on both the 
initial condition of the particles and the scat- 
tering properties of the medium. Moreover if 
the width of the initial beam D is such that 
the condition qD(E/m)-3 Q (m/E)(qT)-‘/2 
holds, the maximum of bremsstrahlung energy 
spectrum is a plateau with a width on the order 
D(qT)-‘12 .The ratio of (dEW/dw)moz to the 
background level ( (dJL/&)m = 
2e2qTN/3r(m/E)2) is approximately equal to 
N ,the number of emitting particles. As the pa- 
rameter qD(m/E)-a increases qD(E/m)-’ 5 
b-am~) -If2 < 1 the plateau convert into 
n strict n maximum . As before , we have 
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ximately equal to each other. 
The bremsstrahlung by a highly anisotropic 

point source of ultrarelativistic particles is in- 
vestigated. We show that in this case the spec- 
tral disrtibution of the emission energy has a 
maximum. The last is unique. The shape of the 
maximum as well sa the magnitude of the emis- 
sion energy depend strongly both on the value 
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Oe < 1 of cone vertex angle which the includes 
the initial velocities of the particles and on the 
scattering properties of a scattering medium. 

We have studied in detail the emission by a 
pulse beam of fast charged particles in a disper- 
sive scattering medium. If the latter is an elec- 
trical neutral plasma the presence of polariza- 
tion in the medium leads under certain condi- 
tions to a radical change in the bremsstrahlung 
spectrum of such a system of the particles. In 
particular, for sufficiently high Langmuir fre- 
quencies, we > q(m/E)-*, and for DWO > 
(N7+TE2)1’2, the maximum in the spectral 
distribution of the bremsstrahlung radiation is 
suppressed by the interaction of radiation field 
with plasma medium, and (d&‘, /dw) becomes a 
monotonously increasing function of w in con- 
trast to the case E = 1. However, in the case 
when the permeability of the medium satisfies 
the inequality c(w)ri2 > t~-r ( the situation 
when Cherenkov effect takes place ) in the very 
long-wavelength region of the spectrum, as for 
in the E(w)~‘~ 4 &, the radiation turns out 
to be essentially bremmstrahlung ( as before, 
(dE,/dw) a wl/’ as w -+ 0). If, however, the 
frequency w > q(1 - ~~[(~(w)]‘/~)-‘(~(w))~/~, 
the bremsstrahlung strongly suppressed and 
mechanism for the formation of the radiation 
is the interaction of the system of fast particles 
with the coherently emitting medium. 

The emission by an ultrarelativistic electron- 
positron pair (-z:POditron = $lectron = -1; 
Ec, mo, ec are energy , the mass, the charge of a 
positron, respectively; qo is the average square 
of the angle of multiple scattering of a positron 
per unit path ) in a scattering medium is re- 
searched in detail. We have shown that the in- 
terference of waves emitted by the electron and 
by the positron leads to the suppression of the 

intensity of the emission energy at long wave 
frequency range 
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At shortwave frequency region the interfer- 
ence effects is negligible an the value of the 
emission energy is proportional to the number 
of the irradiating particles. We show that under 
the certain conditions the emission spectrum 
of the electron-positron pair has overbending 
point which is situated on the frequencies in 
order of qo Eo 2mo -2, It is shown that the an- 
gular distribution of the emission energy of the 
electron-positron pair has a maximum which is 
on the emission angles 6’ N (qoT)‘j2 . 

We consider the radiation emission by a hy- 
drogen-like atom in a “strong” scattering medi- 
um. We show that under the certain conditions 
(qn -C q; Zn2 , (q/qn)1’2) , where qn and 2, are 
the average square of multiple scattering angle 
per unit path and the charge of the core for hy- 
drogen-like atom) the spectral distribution of 
the emission energy by this atom has step-like 
view. The width and the height of the “step” 
depend sufficiently on the charge and on the 
mass of the core of the emitting hydrogen- like 
atom. 
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