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Abstract

There have been calculated the gpectrum and the intéqsity
of radiation of a high energy pcﬂitrnn at planar channeling in

crystal with the use of realistic potential.




In recent years the radiation at .channeling has been dis-
cusséd in a series of papers. However, a simplified shape of
the potential (usually oscillator or square w.ﬂll potential) has =
been used and the authors most often confined themselves to the
gimple estimates of radiation characteristicé. Comparison of our
results to those obtained earlier is given at the end of this
paper. At present, the experimental study of the effect is ex-
tengively carried out and a quanﬁtat'ive comparison of the theory >
with the experiment has become urgeﬁt.

Classical description of positron motion in a channel is
valid when the phase volume of transverse motion considerably
exceeds f . Actually, it is the case if ﬁ >> ifx =ﬁ'§.”£ is
the energy of the positron, ¥\ is its mass). Let the condition
g%({mcat @(, is the potential depth) be fulfilled, which is
true when ¥'<< 10%. In this case, for the particles incoming into
the crystal at an angle ’9‘ (the angle between a particle momen-
tum and the planes which build the channel) such that 4-9—{";’9—
{.-9 _‘I/ﬂ—l% ), the transverse momentum P = 6’9'{ ‘} Eezf%mc
He;;;, radiat:l.an is di[_mla. The est’imﬁtiﬂn of the radia'i_:ed photon

energy yields
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where ¢, is the characteristic oscillation frequency of the °
pogitron in the chamiel, D( is the distance between the planes

x

which build the channel, j;.'-‘=r;Tc .- In the region under conside-

“ !
ration ‘E—‘«i , therefore, the radiation recoil can be neglected

and the classical electrodynamics may be uaed. The dirpole radig-
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tion under quasiperiodic mctioﬁ (periodic in the system moving
with the particle's average velocity) involving its spectral

-and polarization uharaetériatics has been studied in detail in
the suthors paper /1/. The results of the paper /1/ can be used
in the problem under stud:r. But it should bear in mi‘nd that all
expressions depend now on the angle 1‘9' and the income point )(

. This is due to dependence on the quat}tity E.L gvé‘-’)*éo,fo—' f_"_'gz
which at a given potential V(-'x) determines the cha'racteriatics

- of mcfion. Since the value of X, cannot be, in principle, fix-
ed, it is necessary to carry out the averaging over trajectories
with different X, . Parthermore, if the gngular widtﬁ of the
positron beam 3,9;, /&ﬂx’ the averaging over the angle £
should be performed as well.

The motion of particles in the chamnel is determined by an
interplane potential. Determination of this potential is a quite
complicated problem {éea,_ Hala /2/). Here the potential of an
igolated atom is taken from the Thomas-Fermi model with exponen-
tial drop at the distances larger t__han Clo=m-£: « Then, the po-
tential of the plane consisting of such atoms has been approxim-
ated by the expﬂnent In some EEI}B&, thie procedure is analogous
to that used for obtaining the Molisre potential. The 1atter
well describes multiple scattering anﬂl}‘im:-itrahl_ung in solids.
Finally, taking into account the potential of two adjacent plan-

es, we have: ; 0’,
o -

For exsmple, for the plane (110) in Si V;r 5e9 e’L", ﬂ:: 0. 38 A.
In this'case, _V@. ..), 30 eV, .S’: %o ™ 2.5, All the numer-

ical results are given below for this value uf cp

The positrons for which &< ;. move in the channel (the
index (c h . |
(e)), whereas _the positrons for which "EA"'% move above
the barrier in a periodical field formed by s sequence of poten-
tials (2) (correspondingly, the imndex (nec)).
Thg motion of a positron in the potential (2) and its ratiia-

tion are described by elliptic integrals and functions. The period

of oscillations is

Te = TG Y1—K® ]{_(K) (3)
s 4"3'.5! /€ J2s AL 3
where ’7; ) ﬁ )K=/i'f" E:’), (Kjis the complete ellliptic

integral of the first kind. For Si, when E..L is varied wi'l:hin

05 & ¢ @(o , the period lies within the limits 1.1155— S =
If th lat 'T' %
the motion is determined, the radiation intensity is

&;}

straightforwardly calculated. At a fixed &; we have
i 1+ KE K.
_.Ic(,si)_rp S ® ool é(j__{ |
(i-k% !—KEK(E) 2
LY Y2 |
p a:maca,f(/is the completa elliptie integral of
the gecond kind Figure 1 presents the plot of intenﬂities aver-—
aged over Xy §n>(£)) (Ihc> (2) fI')' (I)@{g}as a functlc-n of
"// (&-‘E ) Note, that intensity _I:m is alau exXpressed
thrc—ugh elliptic integrals., As seen, although with increase of

&, » the number of particles (& +m) {'ﬂ} trapping into the
channal is decreasing, (I > increases, that means +hat the par-

where

ticles with &, "H% mainly radiate., If the positrons are distri-

buted uniformly over the angle '19 in the interval {/l?/*-{fﬁ
B : may ¥
the intensity averaged over "9 ' is( = 0,32 IP <I? = D.#EI

It is interesting to. compar& this value with energy losses at

(1},,.) ~ 10" ﬂ/

the bremsstahlung, we get




it a definite &4 the radiation specirum is determined by

the Fourier component of velocity (see /1/):
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where it is taken into account that m'?; = é‘f@f-‘f/. In

Fig.2 it is presented the spectral intensity distribution averag-

: L -7 i A\l
ed over X, , a8 a function of §~'-' Je. (‘*J:— q—;j) for the fixed 'k \
5 o ik
income angle ( EFGI S5 o e Sy [ é;h = 0.9 (2)), each of curves

; o G
being normalized over i . The total contribution is given of T

the particles into the cannel and those moving above the barrier..
For the particles in thé channel the dﬁminating contribution is
given by the first ( é’ = 1) harmonics (the total contribution
of all the rest hanﬁoﬁi@:s is less than 1%). The fracture at
§ = 1/1, 1152 0.9 corresponds to the boundary frequency for
this harmonic, The peaks in Fig.2 are at the points where |
g-‘f ~TF , i.e. they are uniquely determined by the income '
Te '&=¢, : :
angle, At §’" 0.9 the spectrum is mainly detemiuad by the par-
ticles moving above the barrier, a wide maximum at g»:ﬂ.ﬂ cor-
responds to their first harmonics. In Fig.B it is given the spectr-
al distribution of the total intensity, which is averaged over
Xo and ».9- ; the dotted line denotes tne contribution of the
particles moving above the barrier, the curve is normalized over .

i « All the plots depend on S’ , With increase of cP the spread 1

of periods in the channel increases and the contribution of high-

t ha i Si th ti e O] / tiall
es rmonics grows. Since the 0 = gsen

g Sheiratio, AT oS luses Ry ‘\
exceeds 7 already at an energy of 1 GeV (the maximum in the €
spectrum of PFig.3 lies then at ?-La.? = 3,5 MeV), so just this cha- j

racteristic is most convenient for experimental geparation of
the effect.

The radiation of positrons in the channel has been discussed
in various papers (see Refsufé-gjénd the cited references). In
/3/ the oscillator potential is used wherein the specific features
of the spectrum calculated above disappear. In /3 fhe averaging
over Xo was not performed and the particles ﬁoving above the
barrier were not been taken into account. In /4/ the square well
potential was used where the radiation spectrum differs, even
qualitatively, from that obtained in the prement paper and only
gimple estimates were made. In /5/ adequate formulation of the
problem is given, however, the authors write only formal (evid-
ent enough) relations, while the explicit results have been ob-
tained only for intensities at .é; = 0. Moreover, actually it

was assumed that g»{ , but according to our estimates,

in the most casesd ~ 2.
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Fig.3 Spectral distribution of intensity averaged

over X, and income angle \__W._.
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Fig.2 Spectral distribution of intensity ﬂm4mwm.mﬂm¢oﬂmu Xo ) ss a function of .w
7y 2

: &2 :
AWHtEn. . @ is photon frequency, We = To ) for fixed income
angle (curve 1 for e 0.2, curve 2 for <o = 0.9).
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