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Fig. 1. Schematic diagram of the setup for HSPS generation!'.
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Table 1. Comparison of photon number distribu-
tion probabilities between WCS and HSPSH.

IR Py P Py
WCS 6.065 x 10! 0.3033 0.0902
HSPS 6.065 x 10~7 0.2274 0.0853
1.0
Hl WCS
g 08 B HSPS
2
S
S 06
o,
o}
S 04
3
£
é’ 0.2
0
0 1 Multi

Photon number

Bl 2 WCS &5 HSPS G 100 i M Z % e i
Fig. 2. Comparison of photon number distribution probabi-
lities between WCS and HSPSH!,
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T BB84 Il TF B &, SRS X5 5oL fig
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TP (Griffith2016) 2 /& BBO (USTC2018), Afi]
B2 IAS T 100% AOEIRAIREE | (B2 HAbfg
FRIBAFAE—E BB, H AN Nice2010 F1 Griffith2016
HR N 2 98 0.25, 8.00 nm AYBE I AW
SOLHEITIE B, B T BOC IR FARIC ORI,
USTC2018 BiHFf Az T IR A%, Sl
FEREE 100%, (HiRSEEIELHTE (30 nm), 756
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Table 2.  Comparison of core parameters of different HSPS schemes.

mikgen e o 5%k
1557 0.10 78.0 1.40x10° pairs-(s-uW) ! 39.9 / 64.0 Saarlandes2016 [43]
PPLN 1536 0.25 99.0 1.60x10? pairs-(ss-mW)! Nice2010 [44]
1590 0.00 90.0 1.10x10* pairs-(ss-mW) ! 77.0/0 Tlinois2016 [45]
PR 1570 8.00 98.0  3.29x10% pairs-(spW) ! 52.0 /0 Griffith2016 [46]
BBO 1550 10.00 99.7 1.70x10? pairs-(s-mW) ! 91.0 / 94.0 USTC2018 [47]
532 24.00 — 9.50x10?% pairs-(ssmW) ! 18.9 / 16.7 Fraunhofer2022 [48]

T ARSI A &S8R Helfud B Pl BRI ; PPLN: periodically-poled potassium titanyl phosphate, JEIIM AL BERREKET 5
{A&; PPKTP: periodically-poled potassium titanyl phosphate, F#ItkfbBEERELAT fAK; BBO: 3-barium-borate, fmilIEH1 k.
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Fig. 3. Comparison of the key rate between using HSPS and
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Fig. 4. Schematic diagram of the setup for three-intensity decoy state QKD based on HSPSB7.
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Fig. 5. Comparisons between experiment and theory for the
three-intensity decoy state QKD based on HSPSP7,
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Fig. 6. Schematic diagram of the new passive decoy state
QKD protocol based on HSPSP?,
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Fig. 7. The comparison of the final key generation ratel*:

(a) Absolute values of the key generation rate with logari-

thm scale; (b) relative value for the key generation rate.
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Fig. 8. Schematic diagram of the passive decoy state QKD setupl®s.
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Fig. 10. Comparison between MDI-QKD protocols based on
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(b) comparisons of the signal intensity.
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Fig. 12. Schematic diagram of the TF-QKD protocol2.
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Abstract

In this paper, we mainly introduce the preparation and physical properties of the heralded single-photon
source, the development history and its applications in three typical quantum key distribution protocols,
including BB84, measurement-device-independent and twin-field quantum key distribution protocols. Moreover,
we make comparisons of the above quantum key distribution protocols between using heralded single-photon
source and using weak coherent sources, and analyze their advantages and disadvantages. Besides, according to
the characteristics of single-photon interference in twin-field quantum key distributions, the limitations of
separately applying heralded single-photon sources to twin-field quantum key distributions are revealed, and
possible solutions are discussed. Therefore, this work may provide valuable references and help for the practical

implementation of quantum secure communication in the near future.

Keywords: quantum key distribution, heralded single photon source, weak coherent state light source, passive

decoy state
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