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Optical Design of X-Ray Resonant Cavity Based on Crystal Bragg Mirrors
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Abstract A resonant cavity system composed of a sapphire crystal as a Bragg mirror is designed to control the state
of the X-ray pulse radiation beam to achieve stable propagation in an open cavity, and then form oscillation. Taking
the open stable cavity system composed of two plane crystal Bragg mirrors as the model, the relationship between
the focal length and the distance between the two lenses in the resonant cavity is obtained by calculating the
transport matrix and analyzing the lateral stability condition of the radiation beam. The design parameters of the
resonant cavity system are optimized to satisfy the gain maximization condition, i.e., the Rayleigh length Z of the
radiation beam matches the focusing parameter Z; of the electron beam. The X-ray tracing software SHADOW is
used to simulate the optical tracing. The simulation results show that the single-pass loss of the radiation beam in
the entire resonant cavity system is less than 20% . Although different from the initial state, the state of the
radiation beam after oscillating for one period in the resonant cavity is acceptable. The simulation results show that
the optical design parameters of the resonant cavity system are feasible.
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Fig. 1 Schematic diagram of X-ray resonant cavity
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Fig. 2 Layout of optical components in resonant cavity system
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Fig. 5 Bragg reflectivity and transmissivity curves of (0 0 0 30) plane under different d. (a) d =d.;

(b) d=3d.; (¢) d=10d.; (d) d=100d,
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Table 3 Optical tracing simulation results of beam spot size and emittance at each element location in
one propagation period when S=100 m
Parameter Undulator C, Resonant cavity C, Undulator
FWHM of + /pm 50. 00 64.91 47. 88 86.08 44, 20
FWHM of ¢ /pm 50. 00 64.15 48.13 84.42 42.69
FWHM of ' /prad 1.30 0. 96 1.33 0.93 2.02
FWHM of =’ /prad 1.30 0.92 1.36 0. 85 1.97

F 4 S=110 m I — L5 a3 b 454> T0 P37 B A 9 TR B R 1K 569 T2 A9 D't~ 36 528 2401 45

Table 4 Optical tracing simulation results of beam spot size and emittance at each element location in
one propagation period when S=110 m
Parameter Undulator C, Resonant cavity C, Undulator
FWHM of x /pm 50. 00 69. 49 46. 97 105. 33 40.71
FWHM of ¢ /pm 50. 00 71.05 47. 30 102. 90 37.70
FWHM of z' /prad 1. 30 0. 87 1.47 0. 81 2.23
FWHM of =" /urad 1.30 0.87 1.47 0.78 2.27

F5 S=120 m B —1%HE AU b A A ST B AL i TRBE RO ST R R S BE 10 016 2 8 IR AL 4
Table 5 Optical tracing simulation results of beam spot size and emittance at each element location in
one propagation period when S=120 m
Parameter Undulator C, Resonant cavity C, Undulator
FWHM of x /pm 50. 00 76.90 48.57 115.56 40.12
FWHM of ¢ /pm 50. 00 76.55 44. 60 112.68 37. 34
FWHM of x' /prad 1.30 0.79 1.54 0.72 2.45
FWHM of =’ /prad 1. 30 0. 80 1.52 0. 69 2.37
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