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Results are presented of an experimental investigation of the spectral dependence of the linear 
polarization of radiation from 900-MeV electrons channeling in ( 1 10) planes of diamond and 
silicon crystals. The polarization characteristics of the radiation are calculated by modeling the 
particle trajectories in the crystal and by using a continuous model. The calculation results are 
compared with the experimental data and qualitative agreement is obtained. A high degree of 
linear polarization (Pz0.6-0.8 ) is noted at the spectral-dependence maximum whose position 
coincides with the maximum of the spectral density of the radiation. 

I. INTRODUCTION 

The study of relativistic particles in crystals is attract- 
ing much attention at present (see the reviews, Refs. 1-5). 
Sufficiently detailed studies, both theoretical and experi- 
mental, have been made of the spectral distribution of the 
radiation in axial and planar channeling of electrons and 
positrons of various energies. The more subtle polarization 
properties of this radiation have hardly been investigated, 
however. The first polarization measurements6 point to a 
high degree of linear polarization of the radiation for planar 
channeling of the electrons. Unfortunately, the degree of lin- 
ear polarization P = 0.65 + 0.15 obtained in Ref. 6 is only 
an average over a rather wide spectral range (4-20 MeV). 
The aim of our present study is a more detailed experimental 
study of the spectral dependence of the linear polarization of 
the radiation for planar channeling of 900-MeV electrons in 
diamond and silicon crystals, and a theoretical interpreta- 
tion of the results by modeling the spectra and all the Stokes 
parameters for the radiation. Computer modeling facilitates 
the study of the distinctive properties of spectra and of the 
Stokes parameters for typical electron trajectories in a crys- 
tal and the tracking of the formation of the observed spectral 
and polarization characteristics of the radiation after sum- 
ming over all possible trajectories. 

2. EXPERIMENT 

The experiments were performed with the Tomsk "Sir- 
ius" synchrotron with the following beam characteristics: 
electron energy 900 MeV, monochromaticity 5 0.5%, in- 
tensity -2.10" e-/cycle, dumping time r = 18. lop%, 
dumping frequency f = 5 Hz, and divergence at point of inci- 
denceon the target - rad. A diagram ofthe experimen- 
tal setup is shown in Fig. 1. 

The number of electrons was monitored by an inductive 
current sensor and a synchrotron-radiation detector prior to 
each dumping on the target. A goniometer made it possible 
to rotate the target about the vertical and horizontal axes in 
steps of 9" and 3", respectively. The y-ray beam was shaped 
by two collimators to an angular divergence 8, = 0.2-0.6 
mrad, was rid of charged particles by a 0.8 T magnetic field, 
and fed through a vacuum duct into the experiment room, in 
which were installed a Compton polarimeter based on an 
NaI spectrometer (to record photons scattered at a given 

polar angle) and a Gauss quantometer (to measure the total 
energy of the y beam). 

The polarimeter designed could measure simultaneous- 
ly two polarization parameters describing the linear polar- 
ization of the photon beam in an energy interval from 1 to 30 
MeV, viz., the degree Pof  photon polarization and the incli- 
nation angle q0 of the polarization plane, by measuring the 
azimuthal distributions of the scattered photons. To this 
end, the polarimeter was mounted on a special platform 
which permitted setting the polar angle of the detected scat- 
tered y photons in an interval 8 = 11-45", and rotate the 
spectrometer around the y-beam axis through 0-360" The 
gamma spectrometer, based on an NaI(T1) crystal 63 mm 
in diameter and 63 mm long, had a resolution 7.5% for the 
1.33 MeV y line from a Co60 source. TO lower the stray back- 
ground level, the y detector was surrounded by a lead shield 
and connected for anticoincidence with a thin scintillation 
counter, to sift out events due to passage of charged particles 
through the detector radiator. The solid angle of they detec- 
tor An = 1.3 sr was determined by a cylindrical colli- 
mator 6 mm in diameter. The polarimeter scatterer was a 
polystyrene plate whose thickness was determined by exper- 
iment ( t  = 2-10 mm). The polarimeter was located in the 
photon beam in such a way that placing the y detector at an 
azimuthal angle q, = & 90" corresponded to passage of the 
median plane of the synchrotron through the horizontal axis 
of the goniometer rotation. 

The polarimeter sensitivity in a given photon energy 
interval is determined by the detection angle 8 and by the 
differential cross section a for Compton photon scattering.' 

FIG. 1. Experimental setup: 1-inductive current sensor, 2-single-crys- 
tal target in goniometer, 3-accelerator exit tube, 4--synchrotron-radi- 
ation detector, 5-lead collimator, 6--clearing magnets, 7-lead-con- 
crete shield, 8-vacuum channel, 9-scatterer, 10-y spectrometer, 11- 
polarimeter rotating mechanism, 12-Gauss quantometer. 
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FIG. 2. Plot of orientation of the soft-photon yield from a diamond crystal 
( t  = 0.35 mm) rotating around the vertical axis of the goniometer (p. ) 
and "map" of crystallographic planes. 

The polarization properties of the photons can be measured 
with least error when the maximum reduced analyzing abi- 
lity UR of the y + e -  y' + e' process is reached. Here 

is the analyzing ability of the process, and do, and dul l  are 
the differential cross sections for Compton scattering of pho- 
tons polarized parpendicular and parallel to the reaction 
plane.7 The maximum of R for - 10 MeV photons is reached 
in this experiment at 0 = 25". 

The crystal was oriented with the aid of the same 
spectrometer operating in the counting regime. Figure 2 
shows typical orientation dependences of the spectrometer 
count on the angle of crystal rotation relative to the electron- 
beam direction, and a "map" of the crystallographic planes. 
The target-orientation accuracy was - 7. lo-' rad. It can be 
seen from Fig. 2 that even weak planes, such as (310) and 
( 112), are distinctly identified, thus attesting to the reliabil- 
ity of this orientation procedure. 

In addition to measuring the y-ray polarization param- 
eters, the procedure used permits simultaneous investigation 
of the spectral characteristics of the radiation. Figure 3 
shows the intensity spectra of y rays from a misoriented dia- 
mond crystal 0.35 mm thick. Curve l is the result of direct 
measurement of the spectrum with an NaI(T1) spectrom- 
eter 200 mm in diameter and 200 mm long, while curve 2 was 
obtained by the developed procedure of reconstructing the 
spectrum of the scattered photons. The satisfactory agree- 
ment between curves 1 and 2 justifies the chosen procedure. 
The radiation spectrum of a misoriented crystal agrees in 
shape with the Schiff spectrum of radiation from an amor- 
phous target. 

The spectrometric information was accumulated in a 

dN - o, arb. u n  
do 

a, MeV 

FIG. 3. Spectra of y rays from a misoriented diamond crystal: curve 1- 
direct measurement results, 2-spectrum obtained after reduction. 

FIG. 4. Azimuthal distributions of photons scattered from an amorphous 
target (points) and from a misoriented crystal (crosses). 

UNO-1024-90 multichannel analyzer, whose input was 
opened by a synchro-generator pulse during the time of elec- 
tron dumping to the crystal ( 7 ~  18 ms) . After subtracting 
the background (measured without a polystyrene scat- 
terer), each spectrum was read and recorded on the disk of 
an IVK-3 computer assembly for further reduction. 

To take into account the P and q, measurement errors 
due to the instrumental asymmetry R ', control measure- 
ments were made with an amorphous target, as well as with 
misoriented crystals. It follows from Fig. 4 that the azi- 
muthal dependences correspond to an isotropic distribu- 
tions and that R ' = 0 within the limits of error. 

In the experiment with a diamond single crystal 
t = 0.35 mm thick, the information was accumulated in the 
primary-photon energy intervals fiw = 1-3, 3-7, and 7-20 
MeV for the case of electron motion along the planes ( 100) 
and ( 110). Figure 5 shows the azimuthal dependence of the 
yield of scattered photons of energy &' = 2-3 MeV (corre- 
sponding to the primary-photon energy interval fiw = 3-7 
MeV) for electron channeling in the ( 1 10) plane. The figure 
shows also a fit equation of the type 

N ( ( p ) = A o + A l  cos 2q+Az sin 2 ~ .  (1) 

The obtained coefficients A ,  ( i  = 0,1,2) were used to deter- 
mine the degree of polarization P, given the energy interval 
and the slope angle p,, between the plane of maximum linear 
polarization and the horizontal reference plane: 

Here is the analyzing ability of the process, averaged for 

FIG. 5. Azimuthal dependences of the yield of scattered photons with 
initial energy 3 < o < 7 MeV, produced in ( 1 10)-plane channeling of elec- 
trons in a crystal of thickness t = 0.35 mm (points), and the result of 
fitting to a trigonometric polynomial (solid curve). 
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TABLE I. Experimental values of the degree of 
linear polarization of radiation and results of 
coniputer modeling for 900-MeV electrons for 
( 100)-plane channeling in diamond. 

A h ,  MeV 

the specified photon-energy interval, and calculated in ac- 
cordance with Ref. 7 for a scattering angle 8 = 25". The re- 
sults of the measurements ofP  for diamond in certain energy 
intervals are listed in Table I. The values of the degree of 
polarization for a silicon crystal of thickness t = 0.4 mm are 
given in Table 11. The directions of the planes ( 1 lo),  ( loo), 
and ( 1701, determined from the obtained values of the an- 
gles p0 = - 42.3 + 1.7"; p, = 90 + 2.5" and po = 46 f 1.S0, 
agree within the limits of error with the directions of the 
plane on the "map" of Fig. 3. Experiment attests to observa- 
tion of a spectral dependence of the degree of linear polariza- 
tion of the electron emission, for planar channeling in dia- 
mond and silicon under conditions of strong collimation of 
the radiation. A physical interpretation of this interesting 
result is given below (see Secs. 3 and 4).  

To verify the influence of the crystal thickness on the 
spectral and polarization properties of the radiation, mea- 
surements similar to those described above were made for a 
diamond crystal of thickness t = 10 mm (0.078 radiation 
lengths). The polystyrene scatterer of the polarimeter was a 
cylinder of 10 mm diam and 10 mm long, corresponding to 
an effective collimation 0.4 rad of the y beam. The measured 
azimuthal dependence of the photons in the energy interval 
liw = 1-1 5 MeV are given in Fig. 6. The values of P and p0 
were 0.80 f 0.15 and 76 + 3", as against P = 0.25 f 0.1 for 
photons of energy h = 15-30 MeV. The radiation pre- 
serves thus a high degree of linear polarization even in suffi- 
ciently thick crystals (under strong collimation conditions) 
in the case of planar channeling. This may indicate that in 
crystals whose thickness exceeds the dechanneling length by 
more than two decades the character of the spectral depen- 
dence of the radiation polarization is determined by the elec- 
tron channel proper (up to thicknesses comparable with the 
dechanneling length), and beyond this by capture in the 

The experimental data indicate thus that y beams of 
high intensity and considerable degree of linear polarization 
can be relatively easily obtained in the case of planar chan- 
neling of electrons in perfect single crystals. 

Experiment 

TABLE 11. Experimental values of the 
degree of linear polarization of radi- 
ation of 900-MeV electrons for ( 1  10)- 
plane channeling in silicon. 

Modeling 

FIG. 6.  Azimuthal dependence of the yield of scattered photons with 
initial energy 1 < 0 < 15 MeV, produced in ( 1 10)-plane channeling of 
electrons in a diamond single crystal of thickness t = 10 mm, and the 
results of the fitting. 

3. INTERPRETATION OF DATA BY MODELING THE 
SPECTRAL AND POLARIZATION PROPERTIES OF THE 
RADIATION 

An appropriate computer experiment was undertaken 
for a physical interpretation of the experimental data. In Sec. 
3.1 below we describe briefly the principles of the model, and 
in Sec. 3.2 we give the results for typical trajectories of plan- 
arly channeling electrons. 

3.1. Binary model tor the calculatlon of the radiation 
propertles 

The properties of the radiation of relativistic particles in 
a crystal are obtained with the aid of the standard binary 
m ~ d e l . ' ~ - ' ~  The trajectories r ( t )  and the particle velocity 
p = v(t)cP '  in the crystal are obtained with the aid of the 
binary model (using the Moliere atomic potential in the cal- 
culation of the scattering angle). These values are substitut- 
ed in the known classical electrodynamics equations for the 
radiation intensity.13 After integrating by parts we can ob- 
tain from these equations the following expressions: 

- B ( t i )  exp [io (t,-nr ( t , )  l c )  I 
[ 1-43 ( t i )  I 

Here o and n are the frequency and the emission direction of 
the photon, t, and t ,  are the instants of the first and last 
collisions of the particle with the crystal atoms. In Eq. (3 ), 1, 
describes the radiation inside the crystal, 1, takes boundary 
effects into account, and a term appears also as a result of the 
interference of these two types of radiation. 

The polarization properties of the radiation are com- 
pletely described by the polarization matrix13 d~~~ = I,gik , 
where I, is the total radiation intensity. The matrix pik can 
be expressed in terms of the Stokes parameters ti 
( i  = 1,2,3): 
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(6)  

The Stokes parameters are quadratic combinations of the 
field-strength components E, ( A  = 1,2) with a definite lin- 
ear polarization R 

E1E2*+E1'E2 Et*Ez-EIE; 
E l = -  , iE2 = 

I0 1 0  
9 

The maximum degree of the linear polarization13 is 
P = (f : + f : ) ' I 2 ,  and the degree of the circular polariza- 
tion is characterized by the Stokes parameter f .  The angle p, 
which determines the direction of the maximum linear po- 
larization in a plane perpendicular to the photon emission 
angle, is defined by tan(2p) = fl/l,. The field components 
E, are determined with the aid of the polarization vectors e, 
and, accurate to within constants that are immaterial for the 
determination of li, are given by 

In (8),  1, and 1, are determined by computer modeling using 
Eqs. (4)  and (5).  

We shall use the set of polarization vectors e, adopted 
in the theory of synchrotron (undulator) radiation, since an 
analogy can be drawn between the radiation from a particle 
in a spiral (planar) undulator and the radiation in axial 
(planar) channeling. If s is a unit vector in the direction 
chosen in the problem, then 

ins1 n (ns) -s 
e, = e2 = 

[ l - (n .~ ) " ] ' ~  ' [ I - ( ~ S ) ~ ] ~ ' ~  ' 

Choosing s((x (Fig. 7), we obtain for emission "forward" (at 
an angle 8 = 0, for which the computer experiment was per- 
formed) n = {0,0,1), el  = {0,1,0), e, = { - 1,0,0). It fol- 
lows from (3)-( 5) and (8) that the components E ,  and E, 
for "forward" radiation are determined by the transverse 
velocity components P, ( t )  and P, ( t )  of the particle in the 
crystal. 

An important feature of the problem is the formation of 
the observable radiation properties via summation over all 
possible trajectories; this is attained by adding the intensities 
(3)  from individual trajectories. Recognizing that there is 
no interference of radiation along different trajectories, it is 

FIG. 7. The coordinate frame used in the computer experiment with the 
position of the initial velocity B ( t )  and the unit vector s. The photon- 
emission direction and the polarization vectors el., are given for 0 = 0. 

easy to show that the averaging of the Stokes parameters ti 
when summing over different trajectories should follow the 
scheme 

where 

is the relative contribution made to the total observed inten- 
sity (at the frequency w and in the direction n )  from the k th 
trajectory; f F(w,n) is the Stokes parameter for the k th tra- 
jectory. 

3.2. Spectral and polarization properties of radiation for 
characteristic trajectories 

The computer experiment was carried out for planar 
channeling of 900-MeV electrons along ( 1 10) and ( 100) 
planes of diamond and silicon. The particle distribution in 
emission angle was assumed Gaussian with a mean value 
8, = 0 and a variance (8  2 ,  " *z  lop5 rad, which amounted 
to -0.1 I/, for the indicated planes (11, is the Lindhard 
critical angle). It can be concluded from the simulation data 
that in crystals of thickness not larger than the dechanneling 
length one can determine the below- and above-barrier mo- 
tion (using the terminology of the continuous model) and 
the mixed type of motion with transition from one type to the 
other. In thicker crystals, as shown in Ref. 14, strong mixing 
prevents the separation of the purely below- and above-bar- 
rier states. 

Figure 8 shows one of the characteristic below-barrier 
electron trajectories for ( 110) -plane channeling in diamond, 
and the corresponding spectrum (8 = 0 )  and Stokes param- 
eters of the radiation from this trajectory. It follows from an 
analysis of the projections of the trajectory on the YZ and 
XZplanes (Figs. 8a, b)  that the real trajectory, unlike in the 
continuous models, is not a plane curve. Moreover, the am- 
plitude and the frequency w* of the electron oscillations in 
the channel are substantially changed (Figs. 8a, b)  on pass- 
ing through the crystal, owing to the short-range collisions 
with the atoms and to multiple scattering. These properties 
of the real trajectory influence the spectrum and the polar- 
ization characteristics of the radiation. 

Actually, the t h e ~ r y ' ~ . ' ~  predicts for radiation at an an- 
gle 8 = 0 the existence of only odd harmonics (if the bound- 
ary effect is disregarded). The width of these harmonics is 
rN -2?k*n/N, where N is the total number of oscilla- 
tions in the channel, and n = 1,3,7, ... . The continuous mod- 
el for a trajectory with the same initial values of r ( t )  and 
p( t1)  as shown in Fig. 8 leads to rN ~0.5-0.6MeV. The real 
spectrum (Fig. 8c) is more complicated in view of the 
changes of w*. In fact, the widths of the first three observable 
harmonics in Fig. 8c, near 5, 15, and 25 MeV, is much larger 
than I?,. Moreover, since the final value of w* is double the 
initial, new harmonics are produced in the region of each 
initial w*, with frequencies up to twice as high (Fig. 8c). 

Motion of particles in planar channeling is usually de- 
scribed in theoretical papers with the aid of the potential 
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fio. MeV 

V ( y )  of the crystallographic planes.14 In these papers (see 
also Refs. 15 and 16), Px ( t )  = const and therefore radiation 
in the specified direction 0 = 0 is fully linearly polarized, 
i.e., { : (w,0 = 0)  = 1 for each trajectory, and consequently 
also (6 : (w,8 = 0)  ) = 1. For a real trajectory, both fly and 
Px depend on the time, and this leads to a more complicated 
dependence of the Stokes parameters on the photon frequen- 
cy, Figs. 8d-f. The Stokes parameters {, (w ) and c, (w ) oscil- 
late rapidly with change of w. The maximum of the Stokes 
parameter g3(w) ,  Fig. 8d, correlates well with the principal 
maximum of the radiation spectrum, Fig. 8c, thus attesting 
to a high degree of linear polarization of the radiation in the 
region typical of the channeling maximum. The oscillations 
of <, ( w )  and c2 ( a )  turn out to be substantial when averaged 
over the various trajectories, see Sec. 4 below. 

As to the above-barrier trajectories, simulation shows 
that the projection of a trajectory of this type on a plane is 
similar to that obtained from the continuous 
whereas the motion in the XZ plane turns out to be rather 
complicated. As a result, the radiation spectrum is compli- 
cated, but the radiation is highly polarized as before. Spectra 
of radiation from mixed-type trajectories are characterized 
by the presence of frequencies observable in the spectra of 
both below- and above-barrier particles. 

4. COMPARISON OF THE EXPERIMENTAL AND OF THE 
MODELING RESULTS 

The observed radiation spectra and Stokes parameters 
are the results of summation and averaging over the trajec- 
tories (see Sec. 3.1 ). The radiation spectra obtained by mod- 
eling in accordance with the procedure described above 
agree in form with experiment.17 This comparison was car- 
ried out in our earlier w ~ r k . ' ~ , ~ ~  The form of the radiation 

FIG. 8. Projections of a trajectory, typical of ( 110)- 
plane channeling of 900-MeV electrons in diamond, on 
the planes YZ (a)  and YZ (b) (r( t , )  is the entry 
point), the radiation spectrum (c) ,  and the three 
Stokes parameters (d-f). The intensity spectrum is 
normalized to the maximum, the crystal thickness is 
r = 10 pm, and the temperature is T = 0. The angle 
with the (1 10) axis is 40 mrad. 

spectrum17 can also be well described by using the contin- 
uous approximation for planar channeling with allowance 
for multiple scattering. '' We shall therefore dwell in greater 
detail on a comparison of the experimental results with the 
theory, for the degree of linear polarization of radiation of 
900-MeV electrons in ( I  10)-plane channeling in diamond 
and silicon. 

Figure 9 shows plots of ( : (w,0 = 0)  = 1 for radiation 
of ( 1 10)-plane channeling 900-MeV electrons in diamond. 
Curves 1 and 2 were obtained using the equations of Refs. 16 
and a potential of the "inverted parabola" type. Curve 1 was 
calculated with an initial electron beam divergence 
A, = 10W4 rad, and curve 2 with an angular divergence cor- 
responding to multiple scattering in a target 350 pm thick 

Id I I I I t I 1 i 

0 10 20 30 fw, MeV 

FIG. 9. Curve 3-Stokes parameter (<,(o) ) for the emission spectrum at 
( 110)-plane channeling of 900-MeV electrons in diamond, obtained by 
modeling ( t  = 10pm); Curves 1 and 2--calculation using the continuous 
rnode1.16 Crosses--data or our experiment. 

/ 

459 Sov. Phys. JETP 67 (3), March 1988 Vorob'ev et al. 459 



( ({ : (w,8 = 0) ) = 1 rad) . Curve 3 was obtained by simu- 
lating with 900 trajectories tracked to a depth lOpm, and the 
crosses are the results of our experiment. 

In the computer experiment the angles between the en- 
tering particles and the ( 1 10) and ( 100) axes in the channel- 
ing plane were q, = 40 mrad, and the crystal temperature 
was T = 203 K. The entrance angles 8, were the same as in 
Sec. 3.2. The position of the maximum in the radiation spec- 
trum (given in Ref. 17) correlates well with the position of 
the maximum of the Stokes parameter (f,(w)) in Fig. 9, 
curve 3. In this spectral range the radiation is linearly polar- 
ized to a high degree. The Stokes parameters (f, (a) ) and 
(g2(w)), averaged over all the trajectories are close to zero 
and are not cited here. This is a consequence of the rapid 
oscillations of f : (w) and f ,k (w) for the individual trajec- 
tories, see Fig. 8. Thus, the total radiation of 900-MeV elec- 
trons in ( 1 10) channeling in diamond does not have circular 
polarization, ({,(w)) =:0, and the direction of the maximal 
linear polarization practically coincides with the normal to 
the (1 10) plane, so that (f ,  (w))  =:O. 

From a comparison of the curves of Fig. 9 with the ex- 
perimental data it follows that both the theory1' and the 
modeling lead to the conclusion that the degree of linear 
polarization of electron radiation in planar channeling has a 
characteristic spectral dependence. No full agreement 
between the modeling data, the analytic calculations, and 
experiment was reached, see Fig. 9. The reason is the follow- 
ing. The parameter (13(w)) was calculated (curves 1 and 2)  
using equationsI6 obtained for the description, in the dipole 
approximation, of the polarization properties of electron ra- 
diation in thin crystals. Therefore a comparison of the calcu- 
lated and experimental results can be only illustrative in 
character, since a complete theoretical description of the po- 
larization properties of radiation in channeling should allow 
for collimation and for multiple scattering in a "thick" crys- 
tal, as was done in the comparison of the theoretical and 
experimental results on the radiation spectra in Ref. 18. Suit- 
able corrections should be introduced into the modeling pro- 
cedure to be able to deal with larger thicknesses and to take 
collimation of the radiation into account. One should expect 
to obtain along these lines a complete description of the po- 
larization properties of radiation in the case of planar chan- 
neling. 

All the foregoing holds also for the silicon data shown 

L I I I I I I I 

0 ID 20 JO h, MeV 

FIG. 10. Curve 2-Stokes parameter ( g 3 ( w ) )  for radiation of (110)- 
plane-channeling 900-MeV electrons in silicon. Curve 1--calculation us- 
ing the continuous model.I6 Crosses--our experimental data. 

in Fig. 10. Here curve 1 shows the result of calculation by 
using the equations of Ref. 16, curve 2 the modeling results, 
and the crosses the experimental data (see Sec. 2) for the 
degree of linear polarization of 900-MeV electrons chan- 
neled along ( 110) in silicon. In the simulation, t = 16 p m  
and T = 293 K, and in the experiment t = 400pm. It follows 
from Fig. 10 that simulation describes the experimental data 
better, although there is no full agreement. 

In the experiment (Sec. 2), the measured quantity was 
(f,( Aw) ) averaged over definite spectral bands Aw (see Ta- 
bles I and 11). To obtain these values from the modeled val- 
ues of Figs. 9 and 10 it is necessary to integrate the polariza- 
tion matrix dw over the angle subtended by the detector and 
over the spectral interval Aw, find the Stokes parameters for 
each trajectory, and then average over all the trajectories. 
The result of the calculations is 

A01 An k-i 

where d(w,R) is the relative contribution in R of the radi- 
ation intensity at the frequency w to the total radiation inten- 
sity in the spectral band Aw and in the solid angle AR. In 
Eqs. ( 11 ), (li (@,a ) )  is determined from Eq. ( 10) and rep- 
resents the Stokes parameter for radiation at the frequency w 
in the solid angle R, averaged over all the trajectories. The 
values calculated with the aid of ( 1 1 ) 

are given for the case of ( 110) channeling in diamond in 
Table I together with the experimental data, with which they 
agree satisfactorily notwithstanding the large differences in 
the crystal thicknesses used in the modeling and in the real 
experiment. 

A complete description of the experimentally obtained 
polarization properties of radiation in planar channeling of 
relativistic electrons calls thus for additional advances in the 
theory as well as for further improvement of the modeling 
procedure. It would be of interest at the same time to carry 
out a cycle of analogous experiments on thinner crystals. 

5. CONCLUSION 

The experimental and theoretical investigation of the 
spectral and polarization characteristics of radiation by 900- 
MeV electrons in planar channeling in diamond and silicon 
allow us to draw the following conclusions. 

1. The degree of linear polarization of radiation in 
planar channeling has a characteristic dependence on the 
photon frequency, with a pronounced maximum whose posi- 
tion coincides with that of the maximum of the radiation 
spectrum. 

2. For planar channeling, the radiation near the charac- 
teristic maximum is linearly polarized with a high degree of 
polarization, P~0.6-0.8. 
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An interesting result of the modeling is observation of a 
substantial change of the electron-oscillation frequency in 
the planar channel, which leads to a broadening of the radi- 
ation spectrum. On the other hand, a change of the oscilla- 
tion frequency hinders greatly various methods of stimulat- 
ing his radiation by external electromagnetic fields. It is 
interesting to note that the position of the maximum in the 
radiation spectra coincides with the region of giant dipole 
resonance for photonuclear reactions. This makes possible a 
detailed study of nuclear structure with the aid of photonu- 
clear reactions initiated by linearly polarized photons. 

The following further research projects are promising. 
First, investigation of the orientational dependence of the 
polarization with a transformation of the radiation by chan- 
neling, at large 8, and pO, into coherent bremsstrahlung. Sec- 
ond, investigation in the quantum region, i.e., at electron 
energy Eo < 100 MeV. These two cases, and also a more de- 
tailed study of the polarization characteristics of the radi- 
ation in channeling as functions of the planar-target thick- 
ness and temperature (of particular interest is channeling 
near ( 11 1 ) binary planes) are attractive objects of further 
theoretical and experimental study. These investigations are 
important for the development of intense sources of mono- 
chromatic photons with high degree of linear polarization 
and easily controllable energy for experimental nuclear 
physics. 

The authors thank N. F. Shul'ga, V. I. Truten', S. P. 
Fomin, and B. I. Shramenko for helpful comments, and also 
V. M. Katkov for an interesting discussion. 
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