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Abstract Cirrus clouds have a great impact on optical signal transmission in quantum communication. According to
the cirrus cloud characteristics, the cirrus cloud ice particle distribution model is established, and the extinction
properties of cirrus clouds are investigated. In addition, according to the scattering features, the quantitative
relationships among the cirrus cloud ice water content, transmission distance, link extinction characteristics,
channel capacity, and channel entanglement attenuation are analyzed. The change of teleportation fidelity under the
influence of noise is studied and the simulation experiment is conducted. The experimental results show that when
the transmission distance is 3 km and the cirrus cloud ice water content (volume mass)is 0.4 g « m °, the
corresponding link attenuation, channel capacity and channel entanglement are 0.05 dB « km™', 0.94 dB « km™'
and 0.52, respectively. In contrast, they are 0.20 dB+ km™", 0.82 dB+ km ' and 0.07, respectively, when the
cirrus cloud ice water content (volume mass) is 0.1 g+ m . From these experimental results, one can see that the
performance of the free-space quantum communication channel changes to different degrees under the influence of
cirrus clouds. Therefore, the influence of cirrus clouds should be considered in quantum communication, and
various performance parameters should be adjusted according to the change of cirrus clouds in order to ensure the

communication quality.
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Table 1 Fitting coefficients of equivalent area sphere diameter
Ice crystal particle shape a a, as as; a,
Hexagonal plate 0.43773 0. 75497 0.19033X107"  0.35191X107% —0.70782X10""*
Hexagonal prism 0. 33401 0. 36477 0. 30855 —0.55631X107"  0.30162X10 *
Hollow hexagonal prism 0. 33401 0. 36477 0. 30855 —0.55631X10"  0.30162>X10*
Four bullet roses 0. 15909 0. 84308 0.70161X107* —0.11003X10"* 0.45161x10""
Space bullet roses 0. 14195 0. 84394 0.72125X107%  —0.11219X10"* 0.45819x10"*
Polymer —0.47737 1. 00260 —0.10030X10 % 0.15166X10 7 —0.78433X10°

R 2 BRI EARR S R R

Table 2 Fitting coefficients of equivalent volume ball diameter

Ice crystal particle shape

ao

a,

a, as a,

Hexagonal plate 0. 31229 0. 80874
Hexagonal prism 0. 30581 0. 26252
Hollow hexagonal prism 0. 24568 0. 26202
Four bullet roses —0. 09794 0. 85683
Space bullet roses —0. 10318 0. 86290
Polymer —0. 70160 0.99215

0.29287X10"% —0.44378X10° —0,23109X10*
0. 35458 —0.63202X107" 0.33755X107"
0. 35479 —0. 63236107 0.33773X10°*
0.29483X10 % —0.14341X10 % 0.74627x10 *
0.70665X107% —0.11055X107% 0.57906x10~"*
—0.29322X10°%  0.40492X10° —0.18841X10"
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Fig. 1 Relationships between extinction efficiency factor and maximum particle size for ice crystal particles with different shapes.

(a) Hexagonal plate; (b) hexagonal prism; (c) hollow hexagonal prism; (d) four bullet roses; (e) space bullet roses; (f) polymer
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Fig. 3 Relationship among channel capacity, cirrus cloud

ice water content, and transmission distance
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