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• • Представлен-эффективный метод расчета поляризации по энер-

J гетическим спектрам интенсивности когерентного тормозного из-

'
:
 лучения электронов в кристалле с использованием быстрого

Фурье-преобразования. Относительная точность расчета поляриза-

\ ции в сравнении с результатами традиционных методов расчета

не хуже 2-3 % в области I когерентного максимума. В то же

время высокое быстродействие программы расчета позволяет ис-
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iin effective method is presented for polarization calcula-

tion of electrons coherent bremsstrahlung spectra in monoerys-

tals, using fast Fourier transformation. The relative accuracy

of the calculation compared with the results of conventional

methods is about 2 - 3/fc in the working region of the first

coherent maximum. At the same time, the method provides a

ligh-speed calculation, which permits it to be uaed for on-line

processing of coherent bremsstrahlung spectra.
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1. Introduction

Polarization calculations of electrons coherent bremsatrah-

lung in monocrystals by the experimental spectra of intensity

in the framework of the available methods (e.g., [1,2]) are

rather time-consuming. The conventional calculation technique

is based on the well known Timm formulae [33 :

р
 =

 К p{x,Q,*>)I{x,e,*)
 w
 (

И Г (x,e,oc) w (e.ot) dedoc

Here I (x) and P^(x) are the experimental intensity and

polarization of photons, respectively; I
T
 (x,6,ot ) and P

T
 (x,

в,ос ) are the corresponding theoretical expressions [4] (see

Pig.1); x • jg- , where к is the energy of у-quantum and E -

- the energy of electron, в and oC are the crystal orienta-

tion angles relative to the electron momentum, W(6,ot ) is the

probability density.

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

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

assumptions being aade about the beam parameters, multiple

scattering of electron* in crystal, angular distribution of
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radiation ш й its corrective collimation, etc. She unknown free

parameters art» determined by fitting the calculated intensity

spectra to the experimental ones* In all, at correct paramet-

rization of the function W(8,c£ ),' these methods allow to have

~1-2% absolute accuracy in polarization value.

In the present work a method is presented for the coherent

breasstrahlung (CB) polarization calculation based on the solu-

tion of the integral equation of the type (1) using fast Fourier

transformation.

2. The CB polarization Calculation Scheme

It is supposed that all the experimental 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:

Here IT(X')Xe* lV,eooC.) is the theoretical spectrum of OB for

the fixed values of 6 , oC (or x - the energy of coherent

maximum), W(x'-x) is the perturbation function» .In analogy
X«

with the Eq.(2)

where F^x»)- * PT(x\O ,rf0).
о

It should be noted that the presentation of polarisation

in the form of the Eq.(4) as well as in the fora of the Bq.(2)

is based on approximation of radiation angula • and energy die-



fcributions and their correlation [1»3j in conditions of eol-

liaation» The fixing of the parameter x
Q
 in the expressions

I3»4) ia alao an approximation which considers the weak diator-

fcion of the form of intensity spectra and CB polarisation at

variation of x
Q
 in the range of the effectire Width of the per-

turbation function W(x*-x) • The integral equation ia a Fred-
o

holm one of the first kind with nucleus dependent of the dif-

ference of arguments, which can be aolred by the method of in-

tegral Fourier transformation [5] • It can be shown that the

Fourier image of perturbation function has the following form:

I where 1
Ш
»

Т
(к) - К З ^ ' ^ С х » are the Fourier images of

and I
T
(x). Using the inrerse Fourier transfornatlon, one can

'•К resume the perturbation function energy spectrum:

W(X)=F"
1
 [WCK)] (6)

Substituting the expression for W(x) into (4)» one might obtain

the following expression for polarisation:

where PI(k) • F [ F T
( X ) I

T
( X ) ] is the Fourier image of the pro-

duct of theoretical intensity and polarisation. The expression

(7) haa been used in calculations of the CB polarisation expe-

rimental spectra*



3. The Calculation Procedure

The calculation procedure has the following stages:

1) the mean angles ot (6Q, oto ) 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 maximum x» has been used as an initial parameter,

assuming that X f # C c
M x

0*

2) the "amorphous11 part of the OB 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-

gions provides the same relations for integral intensities as

in case of nonperturbed theoretical spectra*In calculations

presented below, the region of the first four maxima and the

region of plateau(0*€<x<0*8) have been used* Deduction of the

"amorphous" part has been carried out by the iteration method.

3) there have been determined the limits of the region for

Fourier analysis within 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 Fourier transformation has been used on the

basis of standard algorithm FFI [6] , which supposed a dis-

crete presentation of initial functions as a succession of 2*

points. The discretization step was chosen in accordance with

the energy step of multichannel pair spectrometer of about

2-3* [7] .



3. Results and Discussion

- The presented method of calculation has been checked in

compariaon with the methods [1,2] in the range of 0.2<X
0
-«: 0.5

using the 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 Synchrotron (Figs.2,3)

and the Yerevan Synchrotron (Figs.4,5,6), together with calcu-

lated values of polarization and spectra of the perturbation

function. The initial data in Figs.2,3 are extracted from figu-

res of Ref.[i] 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 spectra

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 $ *\%

describes the results of Ref.[2] in the working region of the

first coherent maximum ( Д x/x*0.15-0.2) and the relative

error in the'value of polarization 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 towards the edges of regions weakly dis-

torted by perturbation, is due to its ideology and makes its

use impossible in the plateau region, which haa small weigh".;
о

according to the criterion P I . The influence of different fac-

tors on the accuracy of polarization calculation by bhs fast

Fourier transformation method has been investigated, Tha follow-

ing results are obtained:
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1J the statistical error of ~ 5% of the spectra measurement

is connected with 0.5% error in the absolute value of pola-

rization in the working region of photon spectrum;

2) the error of x determination in the limits of Д х /x =

= •(5-10)%.practically does not influence on the accuracy of

calculations, it only manifests itself in the sign-compensating

shift of the perturbation function spectrum in the energy scalb-

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 x
Q
.

3) the choice of the width of regions and the degrees of their

discretization in the calculation procadure manifest themselves

on the level of 4 0.5% in the absolute value of polarization.

^" "

The polarization calculation program has been adapted on

minicomputer CM-4-M3RA CAMAC, the characteristic time of pro-

cessing per spectrum being less than 10-20 seconds.•

We are indebted to thank A.P. Karapetian for help in cal-

culations, C.P, Taroyan and A.A. Armaghanian for helpful dis-

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

this work.
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fig.1 a) The spatial orientation of the incident electron momen-

tum Pe relative to diamond lattice axes Ь-.,Ь
2
,Ь, .

b,c) theoretical spectra of intensity and polarization

(solid line), calculated spectra [2] (dashed line) which

illustrate the effect of experimental factors.
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Pig.2 a) A part of the intensity spectrum from Re£. 1 with

the "amorphous" constituent subtracted at X/Qgg) " 0*2^ •

Ъ) folari2ations calculated by the 9 П method (dashed

line)» the method from Ref. [1] lsolid line), and their

difference (dash-and-dot line); c)the energj spectrum of

the perturbation function.

Л

i
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.3 The earn» as in Fig.2 at x * 0.41 •
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?ig.4 a) A part of the intensity spectrum with the "amorphous"

constituent subtracted , obtained by the method from

Ref. [2] at X/Qpo)
 ж
 0.22 . b) Polarizations calculated

by the FFT method (clashed line), the method from Ref.[2]

(solid line), and their difference (dash-and-dot line),

c) The energy spectrum of the perturbation function.
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Pig.5 The same as in Pig.4 at X
(Q22)

 Я °'
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Pig. 6 The same as in Pig. 5 at °'")
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