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Vacuum birefringence which is predicted by quantum electrodynamics (QED) has attracted more attention
in recent years, due to advances in the development of powerful pump optical lasers (pump) and X-ray free
electron lasers (XFEL) (probe) [1]. The head-on collision between the pump laser and probe XFEL will result in
diffraction of X-rays and polarization-flipping for a trivial number of photons [2], which is around 10 billionth
at the present power density level of optical laser and XFEL. Flipping changes the polarization of X-rays from
linear to elliptical with ellipticity of around 1E-10 [3]. For experiments to verify such ellipticity, the linear
polarization purity of the X-rays is required to be less than 1E-10. Several four-bouncing crystal monochro-
mators (polarizers) working at the Brewster angle of 45K are proposed, which only deflect K-polarization with
X-polarization being suppressed. However, the polarization purity is dependent on both the divergence and
energy bandwidth of the X-ray beam impinging on the polarizer. The purity limit is given by an empirical
formula which is estimated by the Gaussian divergence of the X-ray beam [4]. Nevertheless, the X-ray beam
may slightly depart from a Gaussian profile due to beamline optical focusing and the bandwidth may not be
accounted for properly in the formula, which may be not sufficient for extreme ellipticity. In this paper, we
describe upgrades to the SHADOW [5,6] code to give high accuracy simulations for linear polarization of an
X-ray beam after Brewster deflection. Treating the real divergence as well the bandwidth in the simulation
has not previously been done. We present the simulation for a XFEL beamline optics with linear purity around
1E-11. It will give an alternative way to understand the linear purity in the future experiments.
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