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Fig. 1. Prepare & Measure model and constellation schematic of spatial channel for QPSK protocol. PM, phase modulator; EPC,

electrical polarization controller; LO, local oscillator; BS, beam splitter; PD, photodetector.
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Fig. 2. Scenario graph of star-earth quantum key distribution: (a) Satellite dynamic communications orbit graph; (b) graph of the

light transmission traversal process.
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Table 1. Parameters used to simulate the Mercury-

Lijiang station.
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Table 2. DM CV-QKD system parameter setting.
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Fig. 3. Graphs of distance, zenith angle and transmission
loss between the satellite and the ground station as a func-
tion of orbital motion: (a) Change in distance; (b) change in

zenith angle and transmission loss.
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Fig. 4. Graph of transmission loss and key rate versus orbit-
al altitude and zenith angle: (a) Transmission loss versus
orbit height and zenith angle; (b) key rate versus orbital
altitude and zenith angle.
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Fig. 5. Graph of transmission loss and key rate versus beam
waist size and acceptance aperture: (a) Transmission loss
versus beam waist size and acceptance aperture; (b) key rate

as a function of beam waist size and acceptance aperture.
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Fig. 6. Key rate of DM CV-QKD with different additional

noises.
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Abstract

Continuous variable quantum key distribution (CV-QKD) has emerged as a promising candidate for
quantum-secure communication due to its experimentally demonstrated high key rates in fiber-optic channels.

However, the feasibility of discrete modulation CV-QKD in satellite-to-ground downlinks remains an open
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question due to practical challenges such as high transmission loss, limited communication windows, and
atmospheric turbulence. In this work, a comprehensive framework is proposed to evaluate the feasibility of
discrete modulation CV-QKD by integrating orbital dynamics and atmospheric channel models, and to
comprehensively analyze the influence of the parameter space on free-space discrete modulation CV-QKD. To
achieve this, a free-space CV-QKD simulation platform is employed, which calculates the elevation angle and
transmission distance based on precise orbital models, thereby providing a more practical assessment of the key
rate for discrete modulation CV-QKD. Simulation results verify the feasibility and practicality of discrete
modulation CV-QKD in satellite-based quantum communication systems. Furthermore, the critical factors
influencing the key rate performance are identified, and parameter optimization strategies are proposed,

providing theoretical support for realizing the future satellite-to-ground discrete modulation CV-QKD.

1.4 50

—— G 1so
- --a-- RIUff
o; 12 70
;\f | s} 60 —
‘5_'2':‘] 1.0 § =
E = 0 =
E = 140 Low orbit
Orbital height h & ool e, satellite
# 130 O' (Micius)
Zenith 9 0.4L . . 20 L . L 20 A 'o
o 100 200 300 0 100 200 300 \\ (4
Receiver aperture  ap 161 /s
Girdle size wo Key rate
Extra noise &
Modulation range a
After treatment value A
Atmospheric
turbulence
;/
7’
P \
b \
’ \
< \
Ground receiving station ,/’ / !

-

Keywords: space channel, continuous-variable quantum key distribution, satellite underground links, discrete

modulation

PACS: 03.67.Hk, 03.67.Dd, 92.60.hk DOI: 10.7498 /aps.74.20241682
CSTR: 32037.14.aps.74.20241682

090303-9


http://doi.org/10.7498/aps.74.20241682
https://cstr.cn/32037.14.aps.74.20241682
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

Z R ER AR EERER TEAS RIS

I OFMRA HRFA ES R AL M K2l XWE AR

Feasibility analysis study of discrete modulation continuous variable quantum key distribution for spatial
channels

SUN Xin  GUO Junjie  CHEN Yujie CHENGJin LIUAo LIUWenbo YINPeng CHEN Lanjian
WU Tianyi  DONG Chen

5] F{& & Citation: Acta Physica Sinica, 74, 090303 (2025) DOI: 10.7498/aps.74.20241682
CSTR: 32037.14.aps.74.20241682

TEZE RT3 View online: https:/doi.org/10.7498/aps.74.20241682

I N2 View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

H T AR A DX PR ) 2R S O S A b 1 AT R

Plug—and-play discrete modulation continuous variable quantum key distribution based on non—Gaussian state—discrimination

detection

PFEEEAR. 2023, 72(5): 050303 https:/doi.org/10.7498/aps.72.20222253

LTSRN fr A MR B RO Rl E S A R IO TR AT R

Discrete modulation continuous—variable measurement—device—independent quantum key distribution scheme based on realistic

detector compensation

YIBR2A 4. 2022, 71(24): 240304 hitps://doi.org/10.7498/aps.71.20221072

FEF A5 2 98 5 Y = 3R o i A e i T A

Gaussian—-modulated continuous—variable quantum key distribution based on untrusted entanglement source

WIBEAEAR. 2023, 72(4): 040301  https://doi.org/10.7498/aps.72.20221902

HL TR R A0 1) DU 2 B RO ] R 2 g T e
Four—state discrete modulation continuous variable quantum key distribution based on hardware synchronization

Y2, 2024, 73(6): 060302 https://doi.org/10.7498/aps.73.20231769

ST ARBEAE I SRR PR K R RS B T AT R

Underwater continuous variable quantum key distribution scheme based on imperfect measurement basis choice

YIBR2EA. 2024, 73(21): 210302  htips://doi.org/10.7498/aps.73.20240804

LRy e D LCHE Y 2 T A 1Al il i A i B T B O e AT 5 e eV oA
Composable security analysis of linear optics cloning machine improved discretized polar modulation continuous—variable quantum

key distribution
YrHE2E 4. 2024, 73(23): 230303 https://doi.org/10.7498/aps.73.20241094


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20241682
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20222253
https://doi.org/10.7498/aps.72.20222253
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221072
https://doi.org/10.7498/aps.71.20221072
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20221902
https://doi.org/10.7498/aps.72.20221902
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231769
https://doi.org/10.7498/aps.73.20231769
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240804
https://doi.org/10.7498/aps.73.20240804
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20241094
https://doi.org/10.7498/aps.73.20241094

	1 引　言
	2 星地DM CV-QKD协议模型
	2.1 星地链路信道模型的建立
	2.1.1 空间衍射
	2.1.2 大气衰减
	2.1.3 大气湍流
	2.1.4 过量噪声

	2.2 渐近极限下的DM CV-QKD密钥率

	3 仿真结果分析
	4 结　论
	参考文献

