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Effect of atmospheric turbulence on photon states in single
photon communication
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Abstract: In order to study the change regularity of photon states in atmospheric turbulence, the photon state detection
probability was derived based on facts that transverse spatial wave function of Laguerre-Gaussian beam is the eigenfunction of a
photon and transverse spatial wave function of Laguerre-Gaussian beam propagation in turbulent atmosphere approaches to
superimposition of all photon state eigenfunctions. Effect of atmospheric turbulence, propagation length, quality factor on
detection probability was analyzed. The results present/that\the change of the photon state largely relies on beam quality factor.
With the same quality factor, the measurement weight~at the receiving plane is nearly the same. In addition, the total
measurement weight from initial photon to state at which the orbital angular momentum increases to a certain value, is equivalent
to the total measurement weight of the corresponding decrease. The stronger the turbulence is, the smaller the photon state
measurement weight of the initial photon state at the receiving side is. That is also true of the propagating distance. However,
distance puts much less effect on photon states than atmospheric turbulence.
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Fig.2 Mode weight of different photon states after propagation
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Table 1  The lotal weight of the photon slate with the same parameter L at

the receiving plane( a =30°,z = 1km, A = 1550nm, L, ,,C,” =

10-l3m~2/3)
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Fig .3 Mode weight of different photon states after propagation
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Fig.4 Mode weight of beams with the same quality factor against turbulence
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