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Abstract Optics contamination has a great impact on X-ray transportation, especially in high-brightness, high-
coherence X-ray free-electron lasers. However, there are very few related studies on the optics contamination of X-
ray free-electron lasers. First, the characteristics of the X-ray free-electron laser are given. Then, the effects,
control, and cleaning schemes of carbon contamination in synchrotron radiation are summarized. Moreover, the
special effects of carbon contamination on the beam quality in X-ray free-electron laser beamlines are analyzed.
Finally, the damage, melting, and blocking that particle contamination may occur on X-ray free-electron laser
mirrors are analyzed, and the effects of the three conditions on the beam quality are given.
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Fig. 2 Effect of carbon contamination in soft X-ray range. (a) Reflectivity curves under different carbon contamination

thicknesses and grazing angles; (b) reflectivity curves of carbon contamination with different roughness
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Fig. 3 Effect of carbon contamination in hard X-ray range. (a) Reflectivity curves under different carbon contamination

thicknesses; (b) reflectivity curves of carbon contamination with different roughness
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Fig. 7 Reflectivity curves of carbon contamination of B,C under different roughness in hard X-ray range

and soft X-ray range. (a) Hard X-ray range; (b) soft X-ray range
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Table 2 Source parameters used in single-pulse damage calculation

Energy /keV 0.2 0.4 0.9 2.0 3.0 7.0 12.4 15.0 20.0 25.0
Divergence /prad 28.2 14.7 11.6 6.3 4.5 2.5 1.7 1.3 1.3 1.3
Pulse energy /m] 2.0 2.0 2.0 2.0 2.0 2.0 0.5 0.5 0.3 0.3

Position /m 150 150 150 150 150 228 228 228 270 270

1.5¢ ——B,C dose
—- B,C threshold
—— Si dose
—*- Si threshold
—— SiO, dose
—- SiO, threshold
—=— Fe dose
—=- Fe threshold
Cu dose
Cu threshold
—o— Al dose
—+- Al threshold

Value

10*

10°
Energy /eV

VL9 I [a) b4 A SR 78 458 13 1o 10 1T G A5
Fig. 9 Damage threshold and absorbed dose of

different material particles
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Fig. 10 Analysis of melting situation of different material particle contamination. (a) Power density at 1 MHz;

(b) temperature at 10 kHz
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Fig. 11 Schematic diagram of circular particle blocking
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Fig. 12 Effect of particle blocking. (a) Blocking effect of particles with diameter of 50 pm in beam with full width at

half maximum of 250 pm; (b) transmission change directly caused by blocking of particles with different sizes
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Fig. 13 Effect of beam propagation after 100 m under situation of particle with diameter of 50 um on optics.

(a) Two-dimensional beam distribution; (b) profile of beam
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Fig. 14 Speckle enhancement of beam propagation after 3.5 m under situation of particle with diameter of 50 pm on

optics. (a) Two-dimensional beam distribution; (b) profile of beam
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Fig. 15 Effect of beam propagation at different distances under situation of 100 particles with diameter of 5 pm on optics.
(a) Two-dimensional beam distribution after 1.5 m propagation; (b) profile of beam after 1.5 m propagation;

(¢) two-dimensional beam distribution after 100 m propagation; (d) profile of beam after 100 m propagation
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Fig. 16 Spot distribution and profile at focal position under situations of no particles and 100 particles with diameter of 5 pm

on optics. (a) Spot distribution at focal position under situation of 100 particles with diameter of 5 pm on optics;

(b) profile at focal position under situation of 100 particles with diameter of 5 um on optics; (c) spot distribution at

focal position under situation of no particles on optics; (d) profile at focal position under situation of no particles on

optics
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Fig. 17 Effect of particle contamination on spot before and after cleaning at SACLAM .

(a) Spot under situation of particle contamination;
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