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The movement of relativistic electrons in a magnetic field is accompanied by the emission of synchrotron radiation (SR) quanta. This radiation has many
remarkable properties. These include, first of all, its unconditional reproducibility and metrological calculability [1, 2]. The problem of analytically
describing the properties of SR in the ideal case has received a complete solution [3]. Practical application of SR implies the possibility of calculating the
parameters of the flux of SR quanta in real conditions.

MAIN RESEARCH SUBJECT

Ideally, the emitting particle moves in a magnetic field along circular reference orbit. In practice, an intense flux of SR quanta is emitted by a distributed
electron beam, conducted trough an extraction channel, and recorded at a selected base distance in the image plane.
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Figure 1. Scheme of registration of the flux of SR quanta
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MATHEMATICAL MODEL

SR of a relativistic electron is characterized by a high degree of polarization [2]. In particular, in the ideal case, at zero angle (3» = 0) to the orbital
plane, it is linearly polarized. The spectral-angular dependences of the flux of SR quanta of one electron in this case are calculated in accordance with the
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expressions that describe the flux density w, (y) for the o-component of polarization (in the plane of the orbit) and z~component w, (1) (perpendicular to
the plane orbits)
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where y = E /E, is the relativistic factor, Ej, is the electron rest energy, R is the orbital radius, f is the orbital frequency, 1. = 4meZRf /N/3chy? is the critical
radiation wavelength. The total angular density is: w() = w, (¥) + w, ().

The photon flux of each electron is characterized by the angular distribution, the axis of which coincides with the direction of motion of the particle, and
the top of the distribution coincides with the place of emission. The electrons in the storage ring oscillate around the reference orbit. These oscillations are
due to recoil during emission of SR quanta, as well as intrabeam scattering and scattering by residual gas particles. As a result, the beam particles are
distributed around the reference orbit with the normal Gaussian law in the 6-dimensional space.

Let us consider the effect of the particle distribution on the properties of the flux of SR quanta. The distribution in the longitudinal direction does not
effect the spectral-angular characteristics of the flux of SR quanta due to azimuthal symmetry. For the same reason, the radial distribution of particles also
does not effect the characteristics of the SR flux. For the vertical distribution of particles, we use the formula:
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where o), and g, - are, respectively, the root-mean-square dimensions of the beam in y and y . Bearing in mind (2), we consider the receiving plane at the

base distance L that is perpendicular to the tangent of a circular orbit at the radiation emission point. The angle of emission of the quantum v, as well as the
coordinates of emission (y, y) and reception h in the vertical direction, are related by the relation h— L =y + Ly . Therefore, for the angular
distributions of the flux of SR quanta averaged over the beam, we obtain:
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where 8 = h/L and &(.) is the Dirac delta function. Due to the Gaussian normal distribution of y and y " the random variable h is also Gaussian normal with
the mathematical expectation L and the variance:
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Therefore, for the average angular distributions of the flux of SR quanta, we obtain:
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It follows from (5) that the forming optical image is the convolution of the normal density of particles in the beam with the angular distribution that
describes the emission of SR quanta. The dispersion of the resulting angular distribution ((B — y)2) will decrease with increasing base L by o = cf,f +

o3 /L?. For sufficiently large L, it will be determined only by the distribution of particles along the directions of vertical oscillations. The distribution for the
o-component of polarization, due to its unimodality, is more resistant to this influence. The angular spectrum of the z~component of polarization has two
symmetric maxima; therefore, its deformation and broadening by virtue of (5) turn out to be more noticeable. In this case, with an increase in the base
distance L, the spatial picture along the vertical axis will also expand. The gradual distribution normalization for z~component of polarization will take place
at aj, >> (7 (2)), where (y2 (1)) is the angular dispersion of 7-component at the wavelength A. Otherwise, when (yZ (1)) >> cf,,, the angular distribution
will be not normalized for any base L value.

NUMERICAL RESULTS

Based on expressions (4), the software was developed that makes it possible to calculate the necessary characteristics of the fluxes of SR quanta of both
polarizations that have passed the selected base distance and to analyze the optical images formed in the given geometry of emission and observation. Let us
present the results of calculations of the distribution of the optical image of the SR components in the "NESTOR" of electrons with an energy of £=225 MeV
[4-6]. Parameters for the "NESTOR™ are summarized in Table 1.

In Fig. 2 the family of angular distributions of flux densities for o- and m-components of polarization calculated for one of the SR output channels in the
generator, with o), = 0.2 mm and o, = 0.15 mrad are shown. The dependences are presented in the form of two-dimensional histograms for different

wavelengths 1 = 0.5 1., A = A, 1 = 2 A, as well as for different base lengths L, with Lyn.x=300 cm. For the chosen base and at A, = 2.45 x 10~%cm, the
range of polar angle values g was |#| < 10 mrad. It can be seen that with the base of L,:x=300 cm and the vertical size of the receiving window of H=6 cm,
almost complete registration of quanta of the o~ and z~components at the selected SR wavelengths is provided. For large wavelengths of SR quanta, capture
with a constant size of the receiving window H will be less effective due to the corresponding increase in of the root-mean-square angle of the distributions
w, () and w, (1) while the presence of two maxima in the distribution of the =-component becomes more evident.



Dependencies in Fig. 2 and Fig. 3 are given for the case when one electron turn around in the orbit.
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Figure 2. Family of angular distributions of the flux density of the o-component (left) and the z-component (right) of the polarization of synchrotron
radiation at an electron energy E=225 MeV and wavelengths, 1 = 0.51,, 4 = 1., 4 = 2 A, respectively

The rearrangement of optical images can be seen in Fig. 3. It shows the distributions that formed directly after the electron beam (L=5cm) and
distributions that formed on the basis of L=300 cm for different wavelengths of A = 0.5 ., A = A., A = 2 A, in addition to ideal angular distributions. From
Fig. 3 one can see that at L=5 cm the angular distribution reflects the vertical imprint of the beam. At L=300 cm, the angular distribution is determined by the
density of vertical oscillations of the electrons.
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Figure 3. Family of angular distributions of flux density of the o-component (left) and z-component (right) of the polarization of the SR at the electron
energy E=225 MeV and wavelengths A = 0.51,, A = 4., 4 = 2 A, respectively. Line — ideal distribution; dotted line — distribution at L=5 ¢m, points —
distribution at L=300 cm



Table 1. The main parameters of the "NESTOR"

Parameter Specification
Energy of electron beam E, MeV 40-225
Storage ring circumference, m 15.418
The maximum stored current I, mA 360
Number of electrons in orbit 1.1x10™
Bending radius in magnets R, m 0.5
Magnetic field at maximum energy B, T 1.5
Electron beam size at radiation points o, m 2.08x107*
(for the maximum energy of the electron beam)
Electron beam divergence o, at radiation point 1.51x10 "
(for the maximum energy of the electron beam)

CONCLUSION

The report presents analytical expressions are obtained for the intensity of the flux of SR quanta of given wavelength for the selected registration
geometry and algorithms for calculating the fluxes under consideration are proposed. It is shown that the forming optical image is the convolution of the
normal density of particles in the beam with the angular distribution describing the emission of quanta. The dependences characterizing the intensity and
spectral-angular properties of the SR photon flux are given. For the selected base distance and beam parameters with a vertical root-mean-square size o, and

a root-mean-square size o,,- of vertical oscillations, the family of angular distributions is presented, which are presented in the form of two-dimensional

histograms. The dimensions of the optical window are obtained, the value of which makes it possible to reliably register the flux of quanta of SR for the
indicated registration characteristics. The report presents the main characteristics of the angular distribution of the flux of SR quanta of relativistic electron
beam in the storage ring of the "NESTOR" with a maximum electron energy of Emax=225 MeV.



