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Abstract 

Entanglement distribution is a fundamental building block of quantum communication 

networks, enabling the secure and reliable exchange of quantum information over long 

distances. Unlike classical communication, quantum networks exploit the unique properties 

of quantum entanglement to support applications such as quantum key distribution, quantum 

teleportation, distributed quantum computing, and networked quantum sensing. Although 

significant progress has been made in recent years, the efficient generation, transmission, and 

preservation of entangled states remain major research challenges due to photon loss, 

decoherence, and limitations in current communication infrastructure. 

This review provides a comprehensive overview of entanglement distribution in quantum 

communication networks, focusing on the technologies that enable practical implementation 

and the latest experimental developments. It discusses key approaches for generating and 

distributing entangled photons through optical fibers, free-space links, and satellite-based 

communication, together with supporting technologies such as quantum repeaters, quantum 

memories, and photonic devices. The review also examines recent experimental 

demonstrations that have advanced long-distance quantum communication while highlighting 

the technical barriers that must be overcome for large-scale deployment. Finally, emerging 

applications and future research directions are presented, including the development of 

scalable quantum networks, the quantum internet, and secure global communication systems. 

This review aims to provide researchers and students with a clear understanding of the 

current state of entanglement distribution and its growing role in next-generation quantum 

communication technologies. 

Keywords: Quantum communication, quantum entanglement, entanglement distribution, 

quantum networks, quantum key distribution (QKD), photonic quantum communication, 

satellite quantum communication, long-distance quantum communication, quantum internet. 

I. Introduction 

1.1 Background and Motivation 

The rapid growth of digital communication has transformed the way information is 

exchanged across the world. However, the increasing dependence on conventional 

communication networks has also exposed significant challenges related to security, 

scalability, and computational complexity. Advances in quantum computing have further 

intensified concerns about the long-term security of classical cryptographic methods, as 

future quantum computers are expected to solve certain mathematical problems much faster 

than today's classical computers. These developments have created a strong demand for 
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communication technologies that can provide fundamentally secure information exchange 

rather than relying solely on computational assumptions. 

Quantum communication has emerged as a promising solution by utilizing the principles of 

quantum mechanics, such as superposition and entanglement, to transmit information 

securely. Unlike classical communication, where data are represented by binary bits, quantum 

communication employs quantum bits (qubits), whose unique properties enable new methods 

of information processing and transmission. Among these properties, quantum entanglement 

has become one of the most important resources because it enables strong correlations 

between distant quantum systems that cannot be explained by classical physics. 

Consequently, efficient entanglement distribution has become a key requirement for building 

large-scale quantum communication networks. 

1.2 Evolution of Quantum Communication 

The field of quantum communication has developed significantly over the past four decades. 

Early theoretical work established the foundations of quantum information science and 

demonstrated that quantum mechanical phenomena could be used for secure communication. 

The introduction of quantum key distribution protocols showed that secret cryptographic keys 

could be exchanged with security guaranteed by the laws of physics rather than 

computational complexity. 

Subsequent advances in quantum teleportation, entanglement swapping, quantum repeaters, 

and quantum memories expanded the possibilities of long-distance quantum communication. 

Improvements in single-photon generation, optical fiber transmission, and satellite-based 

communication have enabled increasingly sophisticated experimental demonstrations. Today, 

several countries have established metropolitan quantum networks and long-distance fiber 

links, while satellite missions have successfully demonstrated global-scale quantum 

communication. These developments represent important milestones toward the realization of 

the quantum internet, where quantum devices, processors, and sensors will be interconnected 

through entanglement-based communication. 

1.3 Importance of Entanglement Distribution 

Entanglement distribution is widely regarded as the foundation of quantum communication 

networks. It enables two or more distant nodes to share entangled quantum states that serve as 

essential resources for quantum information processing. Once entanglement is established, it 

supports several key quantum communication protocols, including quantum teleportation, 

entanglement-based quantum key distribution, distributed quantum computing, and quantum 

sensing. 

The practical implementation of entanglement distribution is, however, challenging. Quantum 

states are highly sensitive to environmental disturbances, leading to decoherence and photon 

loss during transmission through optical fibers or free-space channels. The probability of 

successfully distributing entanglement decreases rapidly with increasing distance, making 

long-range communication difficult without additional technologies such as quantum 

repeaters and quantum memories. Therefore, improving the reliability, efficiency, and 

scalability of entanglement distribution remains one of the most active areas of research in 

quantum networking. 
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1.4 Scope and Contributions of the Review 

This review provides a comprehensive overview of entanglement distribution in quantum 

communication networks by bringing together the latest theoretical developments, enabling 

technologies, experimental achievements, and emerging research directions. The review 

begins by introducing the fundamental concepts of quantum communication and quantum 

entanglement before discussing the mechanisms used to establish and maintain entangled 

quantum states across communication networks. 

The paper further examines the major technologies that support entanglement distribution, 

including entangled photon sources, quantum repeaters, quantum memories, optical fiber 

systems, free-space communication, and satellite-based quantum links. Recent experimental 

demonstrations and practical implementations are reviewed to highlight the current state of 

the field. In addition, the review analyzes important technical challenges such as 

decoherence, transmission loss, synchronization, error correction, scalability, and network 

interoperability. Finally, future research opportunities and potential applications in secure 

communication, distributed quantum computing, quantum sensing, and the quantum internet 

are discussed. By integrating these aspects into a single review, this paper aims to provide 

researchers, engineers, and graduate students with a clear understanding of the current 

progress and future prospects of entanglement distribution technologies. 

1.5 Organization of the Paper 

The remainder of this paper is organized as follows. Section 2 introduces the fundamental 

principles of quantum communication and quantum entanglement that form the basis of 

quantum networks. Section 3 discusses the concepts, mechanisms, and models of 

entanglement distribution. Section 4 reviews the enabling technologies that support efficient 

entanglement distribution, including quantum repeaters, quantum memories, photon sources, 

and communication channels. Section 5 summarizes recent experimental progress and large-

scale demonstrations. Section 6 presents network architectures and communication protocols 

used in quantum communication networks. Section 7 compares the performance of existing 

entanglement distribution approaches using key evaluation metrics. Section 8 explores 

current and emerging applications of entanglement distribution. Section 9 discusses the major 

challenges and open research issues that continue to limit practical deployment. Section 10 

highlights promising future research directions, and Section 11 concludes the review by 

summarizing the main findings and identifying opportunities for further investigation. 

II. Fundamentals of Quantum Communication 

Quantum communication is an emerging field that combines the principles of quantum 

mechanics with communication engineering to achieve capabilities that are not possible using 

classical communication systems. Unlike conventional communication, which encodes 

information as binary bits (0 or 1), quantum communication uses quantum bits, or qubits, that 

can exist in multiple states simultaneously. This enables fundamentally secure 

communication, efficient information transfer, and the possibility of connecting quantum 

computers through future quantum networks. 

The development of quantum communication has been driven by advances in quantum 

physics, photonics, and information theory. Technologies such as quantum key distribution, 

quantum teleportation, and entanglement-based communication demonstrate how quantum 

https://ijerst.org/index.php/ijerst


Int. J. Engg. Res. & Sci. & Tech. 2026 
 

 

https://ijerst.org/index.php/ijerst                                                       1826 

properties can be exploited to improve security and enable new communication paradigms. 

Understanding the fundamental concepts discussed in this section is essential for studying 

entanglement distribution and the design of quantum communication networks. 

2.1 Basics of Quantum Mechanics 

Quantum mechanics is the branch of physics that explains the behavior of matter and energy 

at the atomic and subatomic scales. Unlike classical physics, where objects have definite 

positions and velocities, quantum systems are described using probabilities. The state of a 

quantum system is represented by a mathematical function known as the wave function, 

which contains all the information about the system. 

Several principles of quantum mechanics form the foundation of quantum communication: 

• Superposition: A quantum particle can exist in multiple states simultaneously until it 

is measured. 

• Measurement: Observing a quantum system causes it to collapse into one of its 

possible states. 

• Entanglement: Two or more particles can become strongly correlated, allowing 

measurements on one particle to influence the state of another regardless of the 

distance separating them. 

• Uncertainty Principle: Certain pairs of physical properties, such as position and 

momentum, cannot be measured simultaneously with perfect accuracy. 

 

Figure: Quantum Communication Architecture 

These unique properties make quantum communication fundamentally different from 

classical communication and provide the basis for secure information exchange. 

2.2 Quantum Bits (Qubits) 

The quantum bit, commonly known as the qubit, is the basic unit of information in quantum 

communication. While a classical bit can only take one of two possible values (0 or 1), a 

qubit can exist in a combination of both states simultaneously because of superposition. 
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A qubit can be physically implemented using several technologies, including: 

• Photon polarization 

• Electron spin 

• Trapped ions 

• Superconducting circuits 

• Neutral atoms 

When measured, the qubit collapses into either state |0⟩ or |1⟩ with probabilities determined 

by these amplitudes. 

The ability of qubits to represent multiple states simultaneously enables quantum 

communication systems to process and transmit information more efficiently than classical 

systems in specific applications. 

2.3 Quantum Entanglement 

Quantum entanglement is one of the most remarkable phenomena in quantum physics and 

serves as the cornerstone of quantum communication. When two particles become entangled, 

their quantum states become inseparably linked. A measurement performed on one particle 

immediately determines the state of the other, even if they are separated by thousands of 

kilometers. 

Entanglement does not allow faster-than-light communication; instead, it creates strong 

quantum correlations that cannot be explained by classical physics. 

Entanglement enables several important quantum communication protocols, including: 

• Quantum teleportation 

• Quantum key distribution 

• Distributed quantum computing 

• Quantum sensing 

• Quantum networking 

 

Figure: Flow of Entanglement Swapping  

Generating and maintaining high-quality entanglement over long distances remains one of the 

primary challenges in building practical quantum communication networks. 
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2.4 Quantum States and Bell States 

A quantum state describes the complete information about a quantum system. In quantum 

communication, both single-qubit and multi-qubit states are important. Multi-qubit systems 

exhibit correlations that form the basis of entanglement. 

Among these, Bell states are the four maximally entangled two-qubit states that play a central 

role in quantum communication protocols.  

Bell states are widely used in quantum teleportation, entanglement swapping, quantum 

cryptography, and quantum networking because they provide maximum quantum correlation 

between two particles. 

2.5 Entanglement Swapping 

Entanglement swapping is a technique that enables two particles that have never interacted 

directly to become entangled. This process is achieved through a Bell-state measurement 

performed on particles belonging to two different entangled pairs. 

Suppose particles A and B are entangled, and particles C and D are entangled. By performing 

a Bell-state measurement on particles B and C, particles A and D become entangled, even 

though they have never interacted. 

Entanglement swapping is essential for: 

• Quantum repeaters 

• Long-distance quantum communication 

• Multi-node quantum networks 

• Quantum internet architectures 

Without entanglement swapping, distributing entanglement over continental or global 

distances would be extremely difficult because of transmission losses in optical channels. 

2.6 Quantum Teleportation 

Quantum teleportation is a communication protocol that transfers the quantum state of one 

particle to another without physically transmitting the particle itself. The protocol relies on 

three key resources: 

• A pair of entangled particles 

• A Bell-state measurement 

• A classical communication channel 

During teleportation, the sender performs a Bell-state measurement on the unknown qubit 

and one member of the entangled pair. The measurement outcome is transmitted through a 

classical communication channel to the receiver, who applies an appropriate quantum 

operation to reconstruct the original quantum state. 

Quantum teleportation preserves the original quantum information while complying with the 

no-cloning theorem, which states that an unknown quantum state cannot be copied perfectly. 
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Figure : Workflow of Quantum Teleportation  

This protocol is considered a fundamental building block for future quantum communication 

networks and the quantum internet. 

2.7 Quantum Key Distribution (QKD) 

Quantum Key Distribution (QKD) is one of the most mature applications of quantum 

communication. It enables two legitimate users to establish a shared secret encryption key 

with security guaranteed by the laws of quantum mechanics rather than computational 

complexity. 

The security of QKD relies on two important quantum principles: 

• Measuring a quantum state inevitably disturbs it. 

• Unknown quantum states cannot be copied perfectly. 

These properties ensure that any attempt by an eavesdropper to intercept the transmitted 

photons introduces detectable errors, allowing the communicating parties to identify potential 

security threats. 

 

Figure : Quantum key distribution 

Several QKD protocols have been developed, including: 

• BB84 Protocol 

• E91 Protocol 

• B92 Protocol 

• Measurement-Device-Independent QKD (MDI-QKD) 

• Twin-Field QKD 
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QKD has been successfully demonstrated over optical fibers, free-space communication 

links, and satellite-based systems, making it one of the leading technologies for future secure 

communication networks. As quantum communication technologies continue to mature, 

QKD is expected to play a vital role in protecting sensitive information in government, 

financial, healthcare, and critical infrastructure applications. 

III. Entanglement Distribution in Quantum Communication Networks 

Entanglement distribution is the fundamental process that enables quantum communication 

networks to establish quantum correlations between physically separated nodes. Unlike 

classical communication, where information is transmitted through electrical or optical 

signals that can be copied and amplified, quantum communication relies on the distribution of 

entangled quantum states. Once two or more particles become entangled, the measurement 

performed on one particle instantaneously determines the correlated state of the other, 

regardless of the physical distance between them. This unique property provides the 

foundation for secure communication, quantum teleportation, distributed quantum 

computing, and the future quantum internet. 

 

Figure : Flowchart of Quantum communication process 

The successful distribution of entanglement requires reliable generation of entangled photon 

pairs, efficient transmission channels, and accurate quantum measurements. However, photon 

loss, environmental noise, and decoherence significantly reduce the quality of entanglement 

during transmission. Consequently, several techniques have been developed to extend 

communication distance, improve fidelity, and maintain reliable quantum connections. 

Modern quantum communication networks integrate quantum repeaters, quantum memories, 

and advanced network protocols to overcome these limitations and support large-scale 

quantum networking. 

3.1 Working Principle 

The primary objective of entanglement distribution is to establish a shared entangled quantum 

state between distant users or network nodes. The process begins with the generation of 

entangled photon pairs using specialized sources such as spontaneous parametric down-

conversion or semiconductor quantum emitters. One photon remains at the transmitting node 

while the other is sent through an optical fiber or free-space communication channel to the 

receiving node. 
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After transmission, both parties verify the presence and quality of the entangled state through 

quantum measurements. If the photons remain strongly correlated, they can be used for 

various quantum communication tasks, including quantum key distribution, quantum 

teleportation, and distributed quantum information processing. In practical networks, 

quantum repeaters and quantum memories are often incorporated to compensate for 

transmission losses and extend communication distances beyond the limits of direct 

transmission. 

The overall working principle can be summarized in the following stages: 

1. Generation of entangled photon pairs. 

2. Distribution of entangled particles through quantum channels. 

3. Storage or synchronization using quantum memories when necessary. 

4. Verification of entanglement through quantum measurements. 

5. Utilization of the shared entangled state for quantum communication applications. 

3.2 Network Models 

Several network architectures have been proposed to support efficient entanglement 

distribution depending on the scale and application requirements of the communication 

system. 

Point-to-Point Networks 

In the simplest architecture, two quantum nodes are directly connected through an optical 

fiber or free-space communication link. This model is widely used in laboratory 

demonstrations and commercial quantum key distribution systems. Although simple to 

implement, its communication distance is limited by photon attenuation. 

 

Figure : Quantum network architecture 

Star Networks 

A star topology employs a central node that distributes entangled photon pairs to multiple 

users. This architecture simplifies network management and enables multiple communication 

sessions. However, the central node becomes a critical component whose failure can disrupt 

the entire network. 

Mesh Networks 
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Mesh architectures establish multiple interconnected quantum links between nodes, allowing 

entanglement to be distributed through different paths. This provides greater reliability, 

improved fault tolerance, and flexible routing for large-scale quantum communication. 

Quantum Repeater Networks 

For long-distance communication, quantum repeaters divide the communication channel into 

shorter segments. Entanglement is first established within each segment and later extended 

using entanglement swapping. This architecture significantly reduces transmission losses and 

is considered essential for building the future quantum internet. 

Satellite-Based Quantum Networks 

Satellites equipped with entangled photon sources distribute quantum states between ground 

stations separated by thousands of kilometers. This approach minimizes transmission loss in 

optical fibers and enables secure global quantum communication. 

3.3 Types of Entanglement Distribution 

Different techniques have been developed to establish and maintain entanglement over 

varying communication distances and network conditions. 

Direct Distribution 

Direct distribution is the simplest method, where an entangled photon pair is generated at a 

source, and one photon is transmitted directly to the receiving node. Since no intermediate 

nodes participate in the communication process, the implementation is relatively 

straightforward. However, the achievable communication distance is restricted by channel 

attenuation and environmental disturbances. 

Entanglement Swapping 

Entanglement swapping enables two particles that have never interacted directly to become 

entangled. This is achieved by performing a Bell-state measurement on photons belonging to 

two independent entangled pairs. The measurement effectively transfers the entanglement to 

the remaining photons, allowing distant nodes to establish quantum correlations. 

Entanglement swapping forms the foundation of quantum repeaters and long-distance 

quantum networking. 

Entanglement Purification 

Noise and transmission losses often degrade the quality of entangled states. Entanglement 

purification improves fidelity by processing multiple imperfect entangled pairs through local 

quantum operations and classical communication. High-quality entangled pairs are retained, 

while lower-quality pairs are discarded. Although purification consumes additional resources, 

it significantly enhances communication reliability. 

Entanglement Routing 
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Large-scale quantum networks require intelligent routing mechanisms to identify the most 

efficient path for distributing entanglement between communicating nodes. Entanglement 

routing considers factors such as channel quality, network congestion, available quantum 

memories, and repeater resources. Effective routing algorithms improve network throughput, 

reduce latency, and maximize the probability of successful entanglement establishment. 

 

 

Figure : Quantum entanglement distribution types 

3.4 Performance Metrics 

The effectiveness of entanglement distribution is evaluated using several quantitative 

performance metrics. 

Fidelity measures how closely the distributed quantum state matches the desired ideal 

entangled state. Higher fidelity indicates better preservation of quantum information and 

improved communication reliability. 

Entanglement Generation Rate represents the number of successful entangled pairs 

produced per unit time. Higher generation rates increase the overall capacity of quantum 

communication networks. 

Success Probability refers to the likelihood that an entangled pair is successfully established 

between two nodes after considering channel losses and operational errors. 

Transmission Distance indicates the maximum separation over which high-quality 

entanglement can be maintained. This metric depends on communication channels, repeater 

technology, and error mitigation techniques. 
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Latency measures the total time required to establish a usable entangled connection. Lower 

latency is essential for real-time quantum communication and distributed quantum 

computing. 

Scalability evaluates the network's ability to support an increasing number of users, nodes, 

and communication sessions without significant performance degradation. 

Resource Efficiency measures how effectively quantum resources, including photons, 

quantum memories, repeaters, and classical communication, are utilized during the 

entanglement distribution process. 

Together, these performance metrics provide a comprehensive framework for evaluating the 

efficiency, reliability, and scalability of entanglement distribution techniques. As quantum 

networking technologies continue to advance, optimizing these metrics will play a critical 

role in enabling practical, secure, and globally interconnected quantum communication 

networks. 

Experimental Implementations 

Experimental implementation is a critical step in transforming theoretical concepts of 

quantum communication into practical technologies. Researchers worldwide have 

successfully demonstrated several quantum communication experiments that validate the 

feasibility of entanglement distribution over optical fibers, free-space channels, and satellite 

links. These experiments have shown that quantum states can be transmitted with high 

fidelity while maintaining the security advantages offered by quantum mechanics. Laboratory 

demonstrations have also verified important protocols such as quantum teleportation, 

entanglement swapping, and quantum key distribution, which form the foundation of future 

quantum communication networks. Although current experimental systems are limited by 

transmission losses, environmental disturbances, and hardware imperfections, continuous 

improvements in photon sources, detectors, and quantum memories are steadily increasing 

their reliability and communication distance. 

Experimental Quantum Networks 

Experimental quantum networks are designed to connect multiple quantum devices through 

quantum channels and evaluate the performance of real-world communication systems. Many 

universities, national laboratories, and research organizations have established small-scale 

quantum network testbeds that integrate quantum processors, optical fibers, and entangled 

photon sources. These networks are used to investigate routing strategies, synchronization 

techniques, network scalability, and error management under realistic operating conditions. 

Several experiments have successfully demonstrated secure communication between distant 

nodes using entanglement distribution and quantum repeaters. Researchers are also exploring 

hybrid quantum-classical networks, where classical communication supports the exchange of 

measurement information required for quantum protocols. These experimental networks 

provide valuable insights into the challenges of building a large-scale quantum internet. 

Industrial and Research Developments 

The rapid progress in quantum communication has attracted significant interest from both 

academic institutions and industrial organizations. Universities continue to develop new 
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algorithms, communication protocols, and hardware technologies to improve network 

efficiency and reliability. At the same time, technology companies and government-funded 

research programs are investing in quantum communication infrastructure, including secure 

metropolitan quantum networks, satellite-based communication systems, and advanced 

quantum processors. Collaboration between academia, industry, and government agencies has 

accelerated the development of practical quantum technologies and promoted international 

research initiatives. Standardization efforts, improved fabrication techniques, and advances in 

photonic integration are further supporting the transition from laboratory experiments to 

commercial quantum communication systems, bringing the vision of a secure global quantum 

network closer to reality. 

V. Conclusion 

Entanglement distribution is the cornerstone of quantum communication networks, enabling 

secure communication, quantum teleportation, and distributed quantum computing. This 

review examined the major entanglement distribution techniques, including direct 

transmission, entanglement swapping, quantum repeaters, satellite-based communication, and 

quantum memory-assisted methods. Each technique offers unique advantages while facing 

limitations related to transmission distance, efficiency, and implementation complexity. 

Despite significant progress, challenges such as photon loss, decoherence, scalability, and 

error correction continue to hinder large-scale deployment. Ongoing advances in quantum 

hardware, networking protocols, and international research collaborations are expected to 

overcome these limitations. With continued innovation, entanglement distribution will play a 

vital role in realizing a reliable, secure, and scalable global quantum internet. 

References 

1. Kimble, H. J., "The Quantum Internet," Nature, vol. 453, pp. 1023–1030, 2008.  

2. Wehner, S., Elkouss, D., Hanson, R., "Quantum Internet: A Vision for the Road  

Ahead," Science, vol. 362, 2018.  

3. Pirandola, S., et al., "Advances in Quantum Cryptography," Advances in Optics and 

Photonics, vol. 12, no. 4, pp. 1012–1236, 2020.  

4. Bennett, C. H., Brassard, G., "Quantum Cryptography: Public Key Distribution and 

Coin Tossing," 1984.  

5. Bennett, C. H., et al., "Teleporting an Unknown Quantum State via Dual Classical and 

Einstein-Podolsky-Rosen Channels," Physical Review Letters, 1993.  

6. Briegel, H. J., Dür, W., Cirac, J. I., Zoller, P., "Quantum Repeaters: The Role of 

Imperfect Local Operations," Physical Review Letters, 1998.  

7. Sangouard, N., Simon, C., de Riedmatten, H., Gisin, N., "Quantum Repeaters Based 

on Atomic Ensembles and Linear Optics," Reviews of Modern Physics, 2011.  

8. Gisin, N., Ribordy, G., Tittel, W., Zbinden, H., "Quantum Cryptography," Reviews of 

Modern Physics, 2002.  

9. Yin, J., et al., "Satellite-Based Entanglement Distribution over 1200 Kilometers," 

Science, 2017.  

10. Chen, Y. A., et al., "An Integrated Space-to-Ground Quantum Communication 

Network," Nature, 2021.  

11. Van Meter, R., Quantum Networking, Wiley-IEEE Press, 2014.  

12. Nielsen, M. A., Chuang, I. L., Quantum Computation and Quantum Information, 

Cambridge University Press, 2010.  

https://ijerst.org/index.php/ijerst


Int. J. Engg. Res. & Sci. & Tech. 2026 
 

 

https://ijerst.org/index.php/ijerst                                                       1836 

13. Dahlberg, A., et al., "A Link Layer Protocol for Quantum Networks," SIGCOMM, 

2019.  

14. Caleffi, M., "End-to-End Entanglement Rate: Toward a Quantum Route Metric," 

IEEE ICC, 2017.  

15. Cuomo, D., et al., "Towards a Distributed Quantum Computing Ecosystem," IET 

Quantum Communication, 2020.  

16. Kozlowski, W., Wehner, S., "Towards Large-Scale Quantum Networks," Proceedings 

of the IEEE, 2024.  

17. Awschalom, D. D., et al., "Development of Quantum Interconnects," PRX Quantum, 

2021.  

18. Simon, C., "Towards a Global Quantum Network," Nature Photonics, 2017.  

19. Wengerowsky, S., et al., "Entanglement Distribution over a 96-km Installed Optical 

Fiber Link," Physical Review Letters, 2019.  

20. Azuma, K., et al., "All-Photonic Quantum Repeaters," Nature Communications, 2015. 

 

https://ijerst.org/index.php/ijerst

