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ABSTRACT

The radiation of a positron in a planar channel of a crystal is studied, considering the
dependence of the medium polarization on the transverse coordinate. The expression for
the spectral distribution of the number of radiated photons is obtained for a single
positron. It is shown that because of the medium polarization in the soft and hard regions
not all positrons make a contribution to the radiation. The analytic formula for the total
spectral distribution of the number of photons is obtained for the whole radiation
frequency range. The theory is compared with experimental results at the hard frequency
region. At the soft radiation region the number of radiated photons is of the same order as
it is on the hard radiation frequency region.
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INTRODUCTION

In 1979 in SLAC an experimental research of radiation at planar and axial channeling
of 4-16 GeV positrons was conducted with a high accuracy [1]. The spectral distribution
of the radiation of the 4 GeV positrons, channeled in planes (110) of diamond single
crystal which is provided by R. O. Avakian, has a significant increase at the soft region of
frequencies. This phenomenon aroused an interest because, it was related to the medium
polarization influence on the radiation formation at positrons channeling.

In this paper the spectral distribution of the total radiation intensity of positrons bunch
is obtained taking into account the different frequency ranges of positrons radiation. The
influence of the medium polarization on the radiation spectra is investigated. A
comparison of the theoretical distributions with the experiment is performed and it is
shown that for satisfactory fit it is necessary to take into account the strong polarization
of the atoms electron clouds through which the positrons making the main contribution in
the radiation pass.

1. THE TRAJECTORIES OF THE BUNCH POSITRONS AT PLANAR
CHANNELING

Let us choose the y axis perpendicular to the chosen planes of channeling and the

z axis between these planes and directed along the bunch motion projection on the chosen

planes. The energy of positron bunch is E=mc’y , the incidence angle relative to z axis is

zero and the angular divergence is sufficiently small. For the averaged potential we

choose the parabolic model potential which well describes the planar channeling of
positrons [2]. In this field positrons of the bunch will perform sinusoidal oscillations:

s(t) =scos(,1), s=2y,/d, (1)



where y, is the initial transverse coordinate, d is the interplanar spacing, Q., = QO/ \/§
is the frequency of the positron oscillations, &, is the eigenfrequency of the planar
channel:

Q, =2c2v/d, v=U,/mc*, 2)
here U, is the potential well depth.

Obviously, for the channeled positrons the amplitudes have range 0 <s <1.
As the maximal amplitude is d/2 for the maximal incidence angle ¥ (Lindhard
angle) when the positron could still be channeled we derive:

U, = \/2_75 3)
Y

Note that with the growth of the positron energy the oscillation frequency of the
planar channeled positron is getting lower i.e. the spatial period is getting greater:

I, =Ly I, =nd /[2v . (4)
But the amplitude of oscillations as well as the radiation intensity (proportional to the
square of the oscillations amplitude) depends on the initial transverse coordinate of

positron. Therefore the contribution of the bunch positrons in the total radiation is
different.

2. THE SPECTRAL DISTRIBUTION OF CHANNELED POSITRONS
RADIATION

The amplitude of sinusoidal trajectory of the channeled positron is in a proportion
to the maximal deviation angle of the trajectory from the z axis:

O, (s)=mnds/ L, =s2v/y. (5)
Then for the parameter of oscillations in channel we have:
q(s) =0 (8) = 54/ 2vy . (6)

The dynamics of the channeled charged particle satisfies to the dipole approximation
condition ¢g(s) <1 if:
max (q(s))s \2vy =1. (7)

In the problems of the oscillator radiation it is allowable to average the
longitudinal oscillations and consider the oscillator with average constant longitudinal
velocity. Because of the transversal oscillations the longitudinal Lorentz factor vy, gets

YH(S)=Y/\/ES), O(s)=1+q"(s)/2=1+vys*. (8)

If the motion takes place in a dispersion medium with p(s) distribution of
electrons, the dielectric permittivity in the hard frequency region is given by:

smaller:

2 d2
e(x) =11 () [ n(s)=%p_(s) (9)

s X=—"""—75> s
4x7y? 2Q,y7"? vy



where x is the dimensionless frequency, r, is the classical electron radius, the parameter
n (s) characterize the medium polarization.

For the estimation of the average electrons density of the atoms we will use the
Thomas-Fermi static model equation and the Poisson's equation for continuous electrons
density

p(s)=20p,(1-s)s+a-1y/a*+p,, (l-ass<1), (10)
where a=2r,/d, r, - atom radius, p, is the average electron density in atom, p, is the

average electron density in crystal. In fig. 1 the model dependence of the electrons
density p(s) and polarization 1(s) in planar (110) channel of a diamond crystal is shown.

In fig. 1 the model dependence of the electrons density p(s) and polarization 7(s)
in planar (110) channel of a diamond crystal is shown.
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Fig. 1 The model dependence of the electrons density p(s), and polarization 1)(S) in planar
channel (110) of diamond monocrystal at E=4 GeV positrons energy.

It is easy to show that the formulae for the frequency-angular distribution of
radiation photons number by channeled relativistic positron with s initial transversal
coordinate in homogeneous medium [3] is also correct for the case of inhomogeneous
medium:

dN  oamnx , , ¥ )

ST, (s)[(ZxH -1) +1]5(¢9 -6 (), (11)
L n(s) _L [
¢(x)_x Q(S) 4)(,'2 D n f[d )/ .

Here a is the fine structure constant, »n is the number of positron oscillations on the
length L =nl,, 6 =30y, where 1 is the polar angle of the radiation.

The radiation frequency range is limited by condition: 8 = ¢ (x) = 0. Taking into
account the weak polarization of the medium one derive:



xo(s)=77(s)/4sx(s)sl/(1+vys2)=xc(s). (12)

Then for the spectral distribution of the number of photons radiated by channeled
positron with initial transverse parameter s we obtain:

avL
dN,,/dx=Tf(x,s), F=7 vy,

f(x.9)=5"(1+8°(x,5)), g(x,5) = 2x—1+2vyxs® +1(s)/2x. (13)
We have extreme values for the spectrum at the following frequencies:
X () =1(s)/2, X (8) = () /(1 +vys*) /2, X () =1/2(1+vys?). (14)

O

min

The soft frequency extreme values x
&)

min

x,.. depend on 7n(s) and the hard frequency

extreme value x>’ (s) depends only on s.

With the increase of s the number of radiated photons increases and the frequency
region narrows.

3. THE SPECTRAL DISTRIBUTION OF THE POSITRON BUNCH
RADIATION

It is clear that the transversal coordinate s of a positron in a channel could get any
value between 0 and 1 with the same probability.
Now the radiation frequency range is 7,/4 = x, < x =<1, where x, = minn(s)/4.
In the interval
(170+77A)/4=x1sxsx2=1/(1+vy) (15)
all the channeled positrons of bunch forms the radiation. Therefore in this frequency

range the average spectral distribution of the radiated photons from bunch with N,
positrons is equal

(dNJ" 1 dx) = TN, (), Fx)=(f(x,5).  (16)
At the soft frequency region the spectrum has a minimum
) <52772(S)> 2 <S277(S)>2
Xoin = Fan(¥) =575 17

min 2<s271(s)> ’ 3 <sz772(s)>'

and a maximum

1 [3(s™n(s)

2
X o=— ——" F_ (s)==[1-23(1+0,6u){s’n(s))|. 18
=\ T 06 @ =3 12305060 ()| (9)
At the hard frequency range spectrum has a minimum on the frequency
1
¥ = LT F. ~1/3. (19)
20+ 6u/5+3u"/7)

The spectral distribution of the channeled relativistic positron bunch is derived for
the whole frequency region (Fig. 2).
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Fig. 2: The spectral distributions of the number of radiated photons by the I'N units for 4 GeV positron
bunch channeled in the planes (110) of diamond crystal.
At the regions (x,;x,) and (x,;1) the spectrum decrease because of the increase

of the number of radiating positrons. Thus on the frequencies x, and x, the spectrum has

maximums.
At the soft frequency region the number of radiated photons is of the same order
as it is at the hard region.

4. COMPARISON WITH EXPERIMENTAL RESULTS

The theoretical spectrum of the radiation photons number is compared with the
results of experiment [1]. The considering radiation spectrum is obtained with 4 GeV
channeled positrons of the bunch parallel to the (110) planes of 80 wm long diamond
monocrystal. In Fig.3 a comparison with experimental data at the hard frequency region
is shown.
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Fig. 3. The experimental data is signed by crosses. The solid curve is the spectral distribution obtained

theoretically for the number of radiated photons at 4 GeV energy positrons channeling in the (110) planes
of diamond crystal at zero angle of incidence.

5. CONCLUSION

The spectral distribution of the channeled charged particle radiation has the same
specification as an oscillator radiation has in medium.

Channeling positrons oscillate with the same frequency but different amplitudes
depending on the initial transversal coordinates. Therefore, the bunch positrons
contribution in radiation is different. The radiation frequency range also depends on the
initial transversal coordinate. Hence, to obtain the total spectral distribution, for a given
incidence angle, an averaging by the initial coordinates of positrons is performed.

The spectral distribution of the channeled relativistic positron bunch is derived for
the whole frequency region. It is shown that at the soft radiation region the number of
radiated photons is of the same order as it is on the hard radiation frequency region.

The theory is compared with experiment at the high frequency region. For the
coincidence of the theory with experiment on the whole frequency region it is necessary
to take into account the polarization distribution in the channel.
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