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Calculation of simulated parameters of betatron radiation
The number of X-ray photons per shot and the brightness of an electron-generated betatron radiation were evaluated by postprocessing of data of momenta and spatial distribution of FBPIC PIC simulation. The spectral density of synchrotron radiation into the space angle in the direction of the laser radiation at θ = 0, generated by one electron at the corresponding critical energy Ec was calculated using following analytical expressions:

		
where Nβ is the number of oscillations of one electron in the diameter of betatron channel, Er is the energy of radiated photons, ħ is the reduced Planck constant, 0 - the vacuum permittivity, c - speed of light in vacuum, and K2/3 is the modified Bessel function of the second kind. Ec in practical units for each of the accelerated electrons was defined using the relation:

		


where np is the plasma concentration in cm-3, r is the radius of electron oscillations in µm, and  is the Lorenz factor of the electron. The cyclic frequency of the electron oscillation is expressed as , where p is the cyclic frequency of the plasma. The fundamental wavelength of the radiation generated by the betatron is , where  is the wavelength of the electron betatron oscillation. The number of electron oscillations in the diameter of the betatron channel was estimated by the relation:

		




where L = 2r and L is the laser wavelength. If , the ratio of the radius of the electron oscillation to the is approximately equal to the ratio of the components of the electron momentum in the transverse and longitudinal directions , or the ratio of the Lorenz factors in the transverse and longitudinal direction. Based on the relations above, the betatron radius of electron oscillations was calculated as . The betatron synchrotron strength parameter K was estimated using the relation:

		(4)




where kb is the electron oscillation wave vector. The angle of the betatron radiation in the oscillation plane was calculated as , and the divergence . The angle of radiation in perpendicular plane was calculated as  and . The number of photons Nphot1 at FWHM of one electron at FWHM (Full Width Half Maximum) level was calculated by dividing the spectral density over the radiated photon energy Er=ħr, integrating in the range of energies from Emin= 0 eV to Emax = 30 keV of sensitivity of X-ray camera and multiplying by stereo angle of s/8:

	(5)
The total number of photons per shot Nphot was estimated by summing the spectra of number of photons generated by electrons with critical energy of Eci and integrating in the range of energies from Emin = 0 eV to Emax = 30 keV:

					(6)
The total brightness Br of all electrons in photons/s/mrad2/mm2/0.1% bandwidth units was calculated as:

					(7)
where ri is the radius of electron oscillations expressed in mm, and τ is the duration of laser pulse.

Calculation of experimental parameters of betatron radiation

The number of photons per shot Nphot and brightness Br of the betatron X-ray source at FWHM level was defined by postprocessing the data of X-ray images. The number of photons per shot Nphot was calculated as: 

							(8)
where NphotC is the number of photons per count and Nc is the number of counts. 
[image: ]
Figure 1. Evaluation of standard deviation of normal Gaussian distribution of radiation of X-ray source. 
The number of counts Nc was estimated by integrating the function of spatial distribution of counts per pixel C(xpx, ypx) over the coordinates xpx and ypx expressed in pixel number:

					(9)
The function C(xpx, ypx) was assumed to consist of two parts: Gaussian distribution of X-ray radiation and background part Cbg:

				(10)



[bookmark: _Hlk40718751]where Cgd is the amplitude of Gaussian part of counts per pixel, xrpx and yrpx are coordinates of pixels tilted by angle gd:  and , xpxc and ypxc are the center coordinates of Gaussian distribution, and σx and σy are standard deviation of Gaussian distribution of X-ray counts per pixel in x and y-direction (Fig. 1). Cbg was estimated by averaging of counts per pixel of the first and last column as well as upper and lower row of X-ray image. The initial parameters of Gaussian distribution  were calculated using following relations:

					(11)

				(12)

				(13)

				(14)

						(15)

where Xpxi and Ypxi are the coordinate grids of rows and columns of X-ray image, Ci – counts per pixel of i-th pixel, Cxci and Cyci are correspondingly the row and column of counts per pixel at central coordinates of Gaussian distribution of xpxc and ypxc, and Mxx, Myy and Mxy are the momenta of Gaussian distribution used for calculation of tilting angle gd. The initial parameters of Gaussian distribution  were optimized by calculating the minimum of squared difference between the measured X-ray image data and the best fit of Gaussian distribution function: 

		(16)
The spatial distribution of illumination exceeded the size of X-ray sensors, therefore, afterwards only the Gaussian part of the X-ray radiation was considered, and the total number of counts Nc was estimated assuming: 

			(17)
The number of counts at FWHM level was calculated as:

						(18)
The number of photons per count NphotC was estimated as:

						(19)

where αc = 11.9 eV/counts - the X-ray detector sensitivity calibration constant. is the normalized synchrotron-like spectrum calculated in energy range from Emin =0 eV to Emax = 30 keV as:

					(20)

			(21)
where Ec is the critical betatron radiation energy measured by Ross filters, Ttotal (E) is the pass factor of all materials placed between the X-ray source and X-ray camera, Qe(E) is the quantum yield of the Andor iKon-L SO BR-DD camera. In the calculations, the attenuation of 3 µm aluminum, 250 µm Kapton, 250 µm Beryllium and 120 mm of air was evaluated. 
The halves of the divergence in mrad in x and y-direction of radiation θ0.5x, θ0.5y were defined estimating the standard deviation σx and σy of normal Gaussian distribution of X-ray counts per pixel in x and y-direction as:

					(22)
where lpx = 13.5 µm is the pixel size and lsd = 730 mm is the distance between the source and X-ray camera detector. The averaged divergence of betatron radiation was calculated as θβ = θ0.5y + θ0.5x. The brightness of the source in units of photons/s/mm2/mrad2/0.1%BW was calculated as:

						(23)
where rβ – measured radius of betatron source of 5 µm in mm, and τ is the duration of the laser pulse.
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