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AN EFFACTIVE MGSTHOD FPOR BLNITRONS COHERENT
BREMSSTRSHLUNG POLARIZATIOY CALCULATION
BASED ON INTENSITY SPECTRA

an effective method is presenfed for polarization calcula-
tion of electrons coherent bremsstrahlung spectra in monocrys-
tals, using fast Pourier transformaticn. The relative accuracy
of the calculation compared with the resulfs of conventional
methods is about 2 - 3% in ithe working region of the Pfirst
coherent maximum. 4t the same time, the method provides a

1igh-speed calculation, which permits it to be used for on-line

_ processing of coherent bremsstrahlung spectra.
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1. Introduction

Polarizatidn calculations of electrons coherent bremsstrah-

lung in monocrystels by the experimental spectra of intensity
in the framework of the available methods (e.g., [1,2]) are
rather time-coneuming. The conventional calculetion technique
is based on the well known Timm formulae I3} :

Iy = {{17(x,6,2) W (8,4)dBdal )
{§ w(6,0)dBdet
PE* (x) = {f PT(X,Q,¢)IT(x.6,d)W(s,ac)dedd (23
§§ I7(x,6,4) W (6,%)d6cdol

Here I™X(x) and PEX(x) are the experimental intensity and
polarization of photons, respectively; I' (x,0,0t) and P7 (x,
8,a ) are the corresponding theoretical expressions [4] (see
Pig.1); x = g— , where k is the energy of J -quantum and E_
- the energy of electron, © and o are the crystal orienta-
tion angles relative to the alectron momentum, W(€,cL ) is the
prodbability density. »

The right hand side of the expreasion (1) is integrated

either numerically [1] , or by Monte Carlo method [2] , certain

assumptions being made about the beam parameters, multiple
scattering of electrons in crystal, angular distribution of
. 3 )
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radiatiou und 1t8 errective collimation, etc. The unknown free
parameters arv determined bj fitting the calculated intensity
spectra to the experimental onéa. In all, at correct paramet-
r:l.iat:l.on of the :l'unctiqn W(0,c ), these methods allow to have
~ 1-2% absolute accuracy in polarization value.

In the preaent work a method is presented for the coherent
brenlstrah}ung (CBj polarization calculation based on the solu-
tion of the integral equation of the type (1) using fast Fourier

tra.nsfo:r_-mation.

2. The CB polarizetion Calculation Scheme

It is supposed that all the ezperinental factors distort-
ing the theoretical spectra, can formally be described by the
unified perturbation function which has acted only in the scale
of the energy variable. Then, the Eq.(1) can be rewritten as:

1= {TT00, wor-xan’ (3)
-0 _
Here 1'(x), = LI'(,6,) 15 the theoretical apectrum of CB for
‘the fixed values of 6 , aco (or X, = the energy of coherent
maximum), W(x'-x)x. is the perturpat:l.on function. 7m analogy
with the Eq.(2) -
PTG W (k- )y, dx

EX . \_ =& : (4)
Peo: T (x)

where PT(x') = p(x »0,1%0)

It ahould be noted that the presentation of pola.r:llat:l.on
in the form of the Eq.(4) as well as in the form of the Bq.(2)
is based on approximation of radiation anguls * and energy dis-




tributions and their correlation (1,3] in comditions of col-

limation. The fixing of the parameter X, in the expressions
13,4) is also an approximation which considers the weak distor-

tion of the form of iﬁt_enaity spectra and CB polarization at
variation of x, in the ranges of fhe effective width of the per-
turbation function I(x'-x) o The integral equation is a Fred-
holm one of the ﬁ.rat kind with nucleus dependent of the dif-
ference of arguments, which can be lolvod by the method of in-
tegral Pourier transformation [5] . It can be shown that the
Fourier image of perturbation function has the following form:

1 I®w (5)
- W(K)= 1% IT(K)

where In’r(k) - !(In'm(x))- are the Fourier images of Im(x)
‘and I"'(.x). Using the inverse Pourier transformation, one can

A resume the perturbation function energy spectrum:
W(x)=F 1 [W(K)] (6)

Substituting the expression for W(x) into (4), one might obtain
the following expression for polarization.

EX
P“(XL)-‘- F-1 [ PI:([':.)(I.K)(K) /I (Xo) ()

where PI(k) = P[PT(Z) I,T(x)] 1is the Pourier image of the pro-
duct of theoretical intensity and polarisation. The _expression
(7) has been used in caloulations of the CB polarization expe-

rimental spectra. A .




3. The Calculation Procedure

The calculation procedure has the following stages:

.1) the mean angles of (6,5 oo ) have been determined and the-
oretical spectra of intensity and polarization calculated (4] . -
For this the energy of the ‘fall-off centre of the first cohe-
rent meximm x, . has been used as an initial parameter,
assuming that Xp. 0. Xo°
2) the "amorphous" part of the CB spectrum has been deduced
on the basis of well-known relations between the integral in-
tensity of different parts of the CB energy spectrum. It has
been also assumed that the corresponding choice of these re-
glons pmﬁdea the same relations for integral Intensities as
in cage of nonperturbed theoretical spectra.In calculations
presented below, the region of the firat four maxima and the
region of plateau(0.6<;‘0.8) have been used. Deduction of the
"amorpkous"™ part: has been carried out by the itexration method.
3) there have been determined the limits of the region for
Fourier analysis yith:ln which statistical smoothing of the ex-
perimental spectrum is carried out. Usually the region of the
first three coherent maxima being chosen. In calculations the
method of fast Pourier transformation has been used on the
basis of standard algorithm IFI? L6l » which suppomed a dis-
crete presentation of initial functions as a succession of 2™
points. The discretization atep waas chosen in accordance with
the energy step of multi_ehanml pa_:lr spectrometer of about

2-3% [7].
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3, Results and Discussiqﬁ

-~ The presented method of calculation has been checked in
comparigon with the_ﬁethods [1,2] in the range of O.2<:I°< 0.5
using thé CB spectra for diamond monocrystal, obtained in the |
framework of these methods, In Figs.2~6 are presented the parts
of CB spectra characteristic of the Bonn‘Synchrotrdn (Figs.2,3)
and the Yerevan Synchrotron (Figs.4,5,6), together with calcu-
lated velues of polariiation and spectre o£ the perturbation
function. The initial data in Pigs.2,3 are extracted from figu-
res of Ref.[1] and, as it is seen, in the limits of their accu-
racy (2-3%) the method of fast Fourier transformation describes
the results of the Ref.[1]. Intensity and polarization spectre
in Figs.4~6 are obtained by the Monte Carlo method with a good
statistical accuracy. As seen from the figures, the method of
fast Fourier transformation of an absolute accuracy of < 1%
describes the resultg of Ref.[2] in the working region of the
first coherent maximum ( A x/x=20.15-0.2) and the _relative
error in the value of polaerization does not exceed 2% on the
average. In the whole mentioned region of the first and second
coherent maxima the results of fast Fourier method and those
of Ref.[2] agree with an accuracy of 2-3%. Deterioration of the
fast Fourier method towa?ds the edges of regions weekly dis-
torted by perturbation, is due to its ideology and mekes its
use impossible in the plateau region, which has small weight
according to the eriterion P2I. The influence of differeni fac-
tors on the accuracy of polarization calculation by tiza fasy
Fourier transformation method has been investigated. Thez Iollow-

ing results are obtained:



1) the statigtical error of ~ 5% of the spectra measurement
is connected with 0,5% error in the absolute value of pola-
rization in the working région of photon spectrum; '
2) the error of x, determination in the limits of Axolxo =
= #(5-10)%. practically does not influence on the accuracy of
calculations, it only manifests itself in the sign-compensating
ghift of the perturbation function spectrum in the energy scals.
The mentioned feature comes from the structure of the formula
(3) and is based on the absence of noticeable distortion in the
CB spectra at small shifts of Xye
3) the choice of thé width of regions and the degrees of their
discretizution in the c¢alculation proczdure manifest themselves
on the level of £ 0Q.5% in the absolute vaiue of polarization.

The polarization/;alculation program has been adapted on
minicomputer CH-4-MERA CAMAC, the characteristic time of pro-
cessing per spectrum being less than 10-20 seconds, .

Ve are indebted to thank A.P. Karapetian for help in cal-
culations,.C.P. Taroyan and A.i. Armaghenien for helpful dis-

cussions, prof. H.i. Vartapetian for support and interest in

this work.
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Pigel &) The spatial orientation of the incident electron momen-
tum Pe relative to diammond lattice axes -;1;35733 .
b,c) theoretical apectra of intensity and polarization
(s0lid line), calculated spectra [2] (dashed line) which

illustrate the effect of experiwmental factors. -
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Pig.2 a) a4 part of the intensity spectrum from Ref. 1 with
the "amorphous" constituent subtracted at X(o32) = 0.27 &
b) Polarizations calculated by the FFP method (dashed
line), the method from Ref. [1] (solid linme), and their
difference (deash-and-dot line); ¢)the euergy apectrum of
the perturbation function. ‘
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Fig.3 The same as in Pig.2 at x --0.41.
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Mg.4 a) A part of the intensity spectrum with the "amorphous"
constituent subtracted , obtained by fhe method from
Ref. [2] at X(gz2) = 0422 . b) Polarizations calculated
by the FPT method (dashed line), the method from Ref.[2]
(solid line), and their difference (dash-and-dot line).

¢) The energy spectrum of the perturbation function.
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Pig.5 The same as in Pig.4 at X(032) = 0.3 .
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Pig.6 The same as in Fig.5 at X(§52) = 0.Y .
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