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Fig. 1. Schematic diagram of (a) optical path of Wolter-I focusing mirror and (b) multi-layer nested structure.
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Fig. 2. Processing flow of domestic mirror.
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Fig. 3. (a) Ideal Reflection; (b) XRS effect under high fre-
quency error; (c) large angle deflection under low frequency

error.
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Fig. 5. Decomposition diagram of surface error disturbance
under two dimensional (2D) section of mirror. Point O is
the incident point on the reflecting surface, the XOY and
YOZ planes are parallel to the paper plane and incident
plane of the mirror respectively, and the X axis is parallel

to the optical axis.
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Table 1. Test simulations of effective area of FXT focusing mirror.
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Energy /keV Effective area/ cm?
Thin Medium Thick
1.49 401.96 £+ 3.02 379.94 4+ 2.89 356.63 £2.91 273.22 £2.53
8.04 28.53 +0.21 28.49 + 0.20 28.44 +0.18 28.14 +0.18
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Fig. 10. Fitting results of measured data and simulation res-
ults of vignetting. The dashed lines and scattered points of
corresponding colors are the fitting and simulation results

under the same energy respectively.
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Fig. 11. Comparison between measured and simulated sca-

ttering ratio when RMS = 0.5 nm.
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FrTE M AR 199,

2 STM7EASSRERN 1.49 keV HFAZE R 5
Table 2.  Test results of STM@1.49 keVB9,

Shell No. HEW /arcsec
#1 484405

#2427 25.14+0.4
#54 244+04

Wl 12(a) Brs, BRI & e B9 i br
SERIT A KRR STM 347 7 #3700, W42t
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R 25" XY o1 2028 6.5, S —BiE R AT iR 2
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K12 (a) STM BURZS R (] FXT #7400 £% pnCCD, HAR 3 R 75 pm x 75 pm , R F 41 384 x 384, W41 (4,5 X 35

BRI AN E IR R); (b) STM B4 5 1Y EEF ik

Fig. 12. (a) Imaging and (b) EEF results of STM test (using FXT focal plane detector pnCCD, single pixel size is 75 pm X 75 um,

pixel number is 384 x 384 and the enlarged view in the middle red square area is shown in the upper in panel (a)).
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Fig. 13. Variation of HEW with o; when RMS = 0.5 nm,
photon energy is 1.49 keV and oo = 5.
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Fig. 14. (a) Simulation results of triangular deformation (focal plane detector is pnCCD); (b) simulated EEF.
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Fig. 15. (a) One dimensional projection of STM simulated and test spot; (b) simulated and test EEF curve.
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Simulation method of performance of X-ray focusing mirror
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Abstract

The Follow-up X-ray Telescope (FXT) is one of the main payloads on board the Einstein probe satellite. In
order to obtain data with high signal-to-noise ratio and realize high-precision positioning of the sources, FXT
adopts the Wolter-1 X-ray focusing optical system which has been wildly used in X-ray astronomy. According to
the principle of Wolter-I and combining the actual manufacture characteristics, we simulate several key
parameters affecting the optical quality by Monte Carlo simulation algorithm, such as surface roughness Root-
Mean Square (RMS) and surface profile error. The effect of each parameter is analyzed according to the
simulation results. Then, the simulation method is verified by the test results of the focusing mirrors provided
by PANTER laboratory, and the surface profile error parameters are restricted. The simulation results of the
half energy width of the structural-thermal module mirror are basically consistent with the test results. This
method can be effectively applied to the later study of focusing mirror manufacture and can accumulate
experience for testing and calibrating FXT focusing mirrors. Furthermore, combining the tested calibration
data, some key performance of the mirrors can be obtained by this simulation method, such as the effective

area, vignetting and the point spread function, which can compose the on-orbit calibration database.

Keywords: Einstein probe, follow-up X-ray telescope, Wolter-I X-ray focusing mirror, simulation of actual

surface
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