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Fig. 2. Schemes of orbital angular momentum single-photon sources at nanoscale: (a) Microring resonators embedded with quantum

dots for the generation of single photons carrying quantum superposition states of OAMI'; (b) the on-chip switchable twisted single

photon source by hybrid integration of monolayer WSe, and a microring resonator!'’; (c) the integrated heralded single-photon

source with switchable OAM modes!'”; (d) the OAM single-photon source operation in layer-by-layer integration!'®!.
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Fig. 3. (a) Entanglement between spin and OAM on a single photon by using a dielectric metasurfacel”; (b) the generation of OAM

entangled state with fork-shaped metamaterials by parametric down conversion process in the nonlinear metamaterial®; (c) orbital

angular momentum based intra- and interparticle entangled states generated via a quantum dot sourceP!l; (d) high-dimensional mul-

tiphoton entanglement process and a tremendous void that is yet to be filled?.,

164204-4


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

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 16 (2024)

164204

TE AR SR I A B E eI £ Bl
A 98 1 DUR Bell 75 % 5 4 B S 4 98 5% 7 X 7
I e £ ol i R A 3l 2 ) AR DG, IE T 28
b8 R E 7 AR B R LE ) B 22 AR
JRBR A 9. 2020 4F, Ming 25 B0 fF5E T 3T OB
MR 26 PR 45 B T IR A R AR M S R
ol TR 7= A 06T 2 g AR L O RS A gk
LERIUETT, QR 3(b) B, il A% I R A8 2 1 mT
DL AR e G55 6, I i AR B0 A B i
.

I FH B 2 T GE 2t 3 A = A 1 A 2806 T I8
AT A AL A RS, w] A i T R G/l
TR 75 B AE R B ORI IR S A = A e 2 vk ik
PR R RL S A, BELAT T /NI HERE . 2023 4F,
Suprano 5§ BU R 1 4 B A P BORE B R B
TR T 5T 0 f Sl iR N RDRL - (1] £ 28
A, W 3(c) iz, SRR H kL P FURE T (R
SR AR B AE] T 97.14% F193.50%,
I ERNET H La TS A 2 g4 T8
1) SEL .

FEIAT B2 BUALBIE A B 2 ZE G IR S T 2
o A R R R R T X OAM AR AV B R 45
T, A8 A 1 2 6 R T — Fh ) 25 1 i e
T5 &, AER A A NS AL A VR 2% R e 2 R
BB HER, RN OAM &80z 5] —
SE R RR I, ] 2 10 20 28 265 4 B 38 Ry BRZE AR OAM
B2 g8, B RAEE OAM E4Eryiiate. anfgl 3(d)
Fin B2 fe i R B T, OAM 2 M
Y TEMNRAEAREZ —, T OAM HHEM
AR G ST T &, OAM H i ELS G 26T
FIHA [ FREE T AR K PR T2 G325 A A i, St
% [ W S 4 2 i ORI, B OAM
L) g T ORIRTE R | H AR RN S50 R
FEAEE 225 P, TR — PR, — P e
AT IR T B BRI IR, TEMIR IR IR
HO R 2 8 L 2 S T e R B8 (U R
H OAM Y PHEIRIA T B — K. ], Chen
8 B FERORMIB IR I T I B T R R N BILE fA o) i
WIS H A B B0E A sh s A, ST A
OAM FY s 4l 2%, 78 PLFERN T AT oE— 25 TF & -4l
/2T OAM Rge Ll g7, I B AL A f
g MY TORIR— R B T &, B
PR AR R FOEIR IS, e SRRl T4 B

BIFFE e A {5 B PP A AR A

4 BRAELERZD

F R | A SR SN 254, HETHFREA
BB AV T = w4 I £ o i FORUR,
FEXTE T L 280 T4 i A TR . (HATHA
1) TAEAAFAEAR 22 G b, B ) A 4 2500 il
7% OAM T BAFAE—E R Y:, JUORA R, H
Al JE WA T E I — R T R, R
IET OAM TR EROF_E IR, X RAEE
FIHA bR A — e 30 T I 5 0 R R

SV, /NEE AR B A ) TR Tt
FREABYERZCEE, B IR ET RS
MRS T | BRI | P2 R BV E AR NS L A2 2 1
B RS TR, W EL, B e /N R A
LA S) T R2E A, WiEs T T
FEAR S BG 27 1) SE B o FH G AR . anar A e
ik, TR A A R, R
HTEFEEEARNHMADOCRE FERS A, 524
BRBREL AL, B ARk 5 S AR5 e 52
FAAR Y E BRI 5T 7 1)

S 3k

[1] Flamini F, Spagnolo N, Sciarrino F 2018 Rep. Prog. Phys. 82
016001
(2] Erhard M, Krenn M, Zeilinger A 2020 Nat. Rev. Phys. 2 365
[3] Allen L, Beijersbergen M W, Spreecuw R J C, Woerdman J P
1992 Phys. Rev. A 45 8185
[4] Willner A E, Huang H, Yan Y, et al. 2015 Adv. Opt.
Photonics T 66
[5] Shen Y, Wang X, Xie Z, et al. 2019 Light-Sci. Appl. 8 90
[6] Romero J, Giovannini D, Franke-Arnold S, et al. 2012 Phys.
Rev. A 86 012334
[7] Fickler R, Lapkiewicz R, Plick W N, et al. 2012 Science 338
640
[8] Krenn M, Handsteiner J, Fink M, Zeilinger A 2015 Proc.
Natl. Acad. Sci. U. S. A. 112 14197
[9] Krenn M, Handsteiner J, Fink M, et al. 2016 Proc. Natl.
Acad. Sci. U. S. A. 113 13648
[10] Sit A, Bouchard F, Fickler R, et al. 2017 Optica 4 1006
[11] Migdall A, Polyakov S V, Fan J, Bienfang J C 2013 Single-
photon Generation and Detection: Physics and Application
(Oxford: Academic Press)
] Cai X, Wang J, Strain M J, et al. 2012 Science 338 363
| Miao P, Zhang Z, Sun J, et al. 2016 Science 353 464
[14] Zhang J, Sun C, Xiong B, et al. 2018 Nat. Commun. 9 2652
[15] Chen B, Wei Y, Zhao T, et al. 2021 Nat. Nanotechnol. 16 302
| Zhao H, Ma Y, Gao Z, et al. 2023 Phys. Rev. Lett. 131
183801
[17] Zhang S, Li S, Feng X, et al. 2021 Photonics Res. 9 1865

164204-5


https://doi.org/10.1088/1361-6633/aad5b2
https://doi.org/10.1088/1361-6633/aad5b2
https://doi.org/10.1088/1361-6633/aad5b2
https://doi.org/10.1088/1361-6633/aad5b2
https://doi.org/10.1088/1361-6633/aad5b2
https://doi.org/10.1088/1361-6633/aad5b2
https://doi.org/10.1038/s42254-020-0193-5
https://doi.org/10.1038/s42254-020-0193-5
https://doi.org/10.1038/s42254-020-0193-5
https://doi.org/10.1038/s42254-020-0193-5
https://doi.org/10.1038/s42254-020-0193-5
https://doi.org/10.1038/s42254-020-0193-5
https://doi.org/10.1038/s42254-020-0193-5
https://doi.org/10.1103/PhysRevA.45.8185
https://doi.org/10.1103/PhysRevA.45.8185
https://doi.org/10.1103/PhysRevA.45.8185
https://doi.org/10.1103/PhysRevA.45.8185
https://doi.org/10.1103/PhysRevA.45.8185
https://doi.org/10.1103/PhysRevA.45.8185
https://doi.org/10.1103/PhysRevA.45.8185
https://doi.org/10.1364/AOP.7.000066
https://doi.org/10.1364/AOP.7.000066
https://doi.org/10.1364/AOP.7.000066
https://doi.org/10.1364/AOP.7.000066
https://doi.org/10.1364/AOP.7.000066
https://doi.org/10.1364/AOP.7.000066
https://doi.org/10.1364/AOP.7.000066
https://doi.org/10.1364/AOP.7.000066
https://doi.org/10.1038/s41377-019-0194-2
https://doi.org/10.1038/s41377-019-0194-2
https://doi.org/10.1038/s41377-019-0194-2
https://doi.org/10.1038/s41377-019-0194-2
https://doi.org/10.1038/s41377-019-0194-2
https://doi.org/10.1038/s41377-019-0194-2
https://doi.org/10.1038/s41377-019-0194-2
https://doi.org/10.1038/s41377-019-0194-2
https://doi.org/10.1038/s41377-019-0194-2
https://doi.org/10.1103/PhysRevA.86.012334
https://doi.org/10.1103/PhysRevA.86.012334
https://doi.org/10.1103/PhysRevA.86.012334
https://doi.org/10.1103/PhysRevA.86.012334
https://doi.org/10.1103/PhysRevA.86.012334
https://doi.org/10.1103/PhysRevA.86.012334
https://doi.org/10.1103/PhysRevA.86.012334
https://doi.org/10.1103/PhysRevA.86.012334
https://doi.org/10.1126/science.1227193
https://doi.org/10.1126/science.1227193
https://doi.org/10.1126/science.1227193
https://doi.org/10.1126/science.1227193
https://doi.org/10.1126/science.1227193
https://doi.org/10.1126/science.1227193
https://doi.org/10.1073/pnas.1517574112
https://doi.org/10.1073/pnas.1517574112
https://doi.org/10.1073/pnas.1517574112
https://doi.org/10.1073/pnas.1517574112
https://doi.org/10.1073/pnas.1517574112
https://doi.org/10.1073/pnas.1517574112
https://doi.org/10.1073/pnas.1517574112
https://doi.org/10.1073/pnas.1517574112
https://doi.org/10.1073/pnas.1612023113
https://doi.org/10.1073/pnas.1612023113
https://doi.org/10.1073/pnas.1612023113
https://doi.org/10.1073/pnas.1612023113
https://doi.org/10.1073/pnas.1612023113
https://doi.org/10.1073/pnas.1612023113
https://doi.org/10.1073/pnas.1612023113
https://doi.org/10.1073/pnas.1612023113
https://doi.org/10.1364/OPTICA.4.001006
https://doi.org/10.1364/OPTICA.4.001006
https://doi.org/10.1364/OPTICA.4.001006
https://doi.org/10.1364/OPTICA.4.001006
https://doi.org/10.1364/OPTICA.4.001006
https://doi.org/10.1364/OPTICA.4.001006
https://doi.org/10.1364/OPTICA.4.001006
https://doi.org/10.1126/science.1226528
https://doi.org/10.1126/science.1226528
https://doi.org/10.1126/science.1226528
https://doi.org/10.1126/science.1226528
https://doi.org/10.1126/science.1226528
https://doi.org/10.1126/science.1226528
https://doi.org/10.1126/science.1226528
https://doi.org/10.1126/science.aaf8533
https://doi.org/10.1126/science.aaf8533
https://doi.org/10.1126/science.aaf8533
https://doi.org/10.1126/science.aaf8533
https://doi.org/10.1126/science.aaf8533
https://doi.org/10.1126/science.aaf8533
https://doi.org/10.1126/science.aaf8533
https://doi.org/10.1038/s41467-018-05170-z
https://doi.org/10.1038/s41467-018-05170-z
https://doi.org/10.1038/s41467-018-05170-z
https://doi.org/10.1038/s41467-018-05170-z
https://doi.org/10.1038/s41467-018-05170-z
https://doi.org/10.1038/s41467-018-05170-z
https://doi.org/10.1038/s41467-018-05170-z
https://doi.org/10.1038/s41565-020-00827-7
https://doi.org/10.1038/s41565-020-00827-7
https://doi.org/10.1038/s41565-020-00827-7
https://doi.org/10.1038/s41565-020-00827-7
https://doi.org/10.1038/s41565-020-00827-7
https://doi.org/10.1038/s41565-020-00827-7
https://doi.org/10.1038/s41565-020-00827-7
https://doi.org/10.1103/PhysRevLett.131.183801
https://doi.org/10.1103/PhysRevLett.131.183801
https://doi.org/10.1103/PhysRevLett.131.183801
https://doi.org/10.1103/PhysRevLett.131.183801
https://doi.org/10.1103/PhysRevLett.131.183801
https://doi.org/10.1103/PhysRevLett.131.183801
https://doi.org/10.1364/PRJ.432035
https://doi.org/10.1364/PRJ.432035
https://doi.org/10.1364/PRJ.432035
https://doi.org/10.1364/PRJ.432035
https://doi.org/10.1364/PRJ.432035
https://doi.org/10.1364/PRJ.432035
https://doi.org/10.1364/PRJ.432035
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

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 16 (2024) 164204

[18] Wu C, Kumar S, Kan Y, et al. 2022 Sci. Adv. 8 eabk3075 103601

[19] Mair A, Vaziri A, Weihs G, Zeilinger A 2001 Nature 412 313 [27] Zhou Z Y, Li Y, Ding D S, et al. 2016 Light-Sci. Appl. 5

[20] Leach J, Jack B, Romero J, et al. 2010 Science 329 662 €16019

[21] Fickler R, Campbell G, Buchler B, et al. 2016 Proc. Natl. [28] Wang X L, Cai X D, Su Z E, et al. 2015 Nature 518 516
Acad. Sci. U. S. A. 113 13642 [29] Stav T, Facrman A, Maguid E, et al. 2018 Science 361 1101

[22] Zhang W, Ding D S, Dong M X, et al. 2016 Nature Commun. [30] Ming Y, Zhang W, Tang J, et al. 2020 Laser Photonics Rev.
14 13514 14 1900146

(23] Liu S L, Zhou Q, Zhou Z Y, et al. 2019 Phys. Rev. A 100 [31] Suprano A, Zia D, Pont M, et al. 2023 Adv. Photonics 5
013833 046008

[24] Cao H, Gao S C, Zhang C, et al. 2020 Optica 7 232 [32] Forbes A, Nape I 2019 AVS Quantum Sci. 1 011701

[25] Zhang P, Ren X F, Zou X B, et al. 2007 Phys. Rev. A 75 [33] Kues M, Reimer C, Lukens J M, et al. 2019 Nat. Photonics 13
052310 170

[26] Zhou Z Y, Liu S L, Li Y, et al. 2016 Phys. Rev. Lett. 117 [34] Chen B, Zhou Y, Liu Y, et al. 2024 Nat. Photonics 18 625

The 90th Anniversary of Acta Physica Sinica:COVER ARTICLE

Research progress of integrated quantum light sources
with orbital angular momentum”

Chen Bo  Liu Jin Li Jun-Tao  Wang Xue-Huaf

(State Key Laboratory of Optoelectronic Materials and Technologies, School of Physics,
Sun Yat-sen University, Guangzhou 510275, China)

( Received 4 June 2024; revised manuscript received 5 July 2024 )

Abstract

Quantum light sources are one of key devices for quantum information processing, and they are also the
important foundation for applications such as in quantum computing, quantum communication, and quantum
simulation. Improving the capacity of quantum information coding by using the quantum light source is a major
challenge in the development of quantum information technology. Photons with a helical phase front can carry
a discrete, unlimited but quantized amount of orbital angular momentum (OAM). The infinite number of states
with different OAMSs can greatly increase the capacity of optical communication and information processing in
quantum regimes. To date photons carrying OAM have mainly been generated by using bulk crystals, which
limits the efficiency and the scalability of the source. With the advancement of quantum photonic technology,
many significant quantum photonic devices can now be realized on integrated chips. However, creating high-
dimensional OAM quantum states at a micro-nano scale is still a challenge. And the research of harnessing
high-dimensional OAM mode by using integrated quantum photonic technologies is still in its infancy. Here, the
authors review the recent progress and discuss the integrated quantum light sources with OAM. The authors
introduce the research progress of using OAM for both single photons and entangled photons and emphasize the
exciting work on pushing boundaries in high-dimensional quantum states. This may pave the way for the

research and practical applications of high-dimensional quantum light sources.
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