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Abstract:

The atmospheric turbulence, which causes local refractive index fluctuations, has
specific effect for fluctuations of channel transmittance in free-space quantum key
distribution. In this paper, a free space measurement-device-independent quantum key
distribution (MDI-QKD)scheme is analyzed under strong atmospheric turbulence, where the
gamma-gamma distribution is used to model the strong atmospheric turbulence. Compared
with the original MDI-QKD protocols with weak atmospheric turbulence described by
log-normal distribution, the numerical simulations show that our modified scheme has
apparent improvements both in transmission distance and key generation rate.

Free-space QKD based on satellite has become an attractive and feasible proposition to over the
problem[1]. However, Atmospheric turbulence is the major loss factor, which influences QKD
performance by causing fluctuations in channel transmittance. The log-normal distribution is widely
applied to simulate weak turbulence, but it can not be directly used to estimate the channel transmission
rate correctly in the case of strong turbulence. The gamma-gamma distribution can be used to mimic
real atmospheric turbulence, since it is suitable for the entire range of turbulent conditions.

In this paper, a free space measurement-device-independent quantum key distribution
(MDI-QKD) scheme is analyzed under strong atmospheric turbulence, where the gamma-gamma
distribution is used to model the strong atmospheric turbulence. And we adopt the threshold
real-time selection method[2] to improve the performance of our modified MDI-QKD protocol. The
simulation results emerge that the performance of our scheme is greatly improved in the key generation
rate and robustness.

Alice and Bob independently prepare weak coherent pulses in the rectilinear (Z) or diagonal (X)
basis with decoy states, while the measurement process is performed by an untrusted third party. In
asymptotic case, the secure key rate R can be derived as follows:
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we adopt the gamma-gamma distribution which is a first choice to satisfy the significant
requirement[4]. The probability distribution of transmission rate can be represented:
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In conclusion, we proposed a free-space MDI-QKD scheme with the gamma distribution to model
the strong atmospheric turbulence. Compared with the original MDI-QKD protocols with weak
atmospheric turbulence described by log-normal distribution, the numerical simulations show that our
modified scheme has apparent improvements both in transmission distance and key generation rate.
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