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ABSTRACT 

Quantum teleportation through optical communication channels is one of the promising technologies to 

create secure communication systems in the future. This study aims to evaluate the efficiency of quantum 

teleportation through various types of optical communication channels, such as standard optical fibers, 

low-loss optical fibers, and free photon-based communication lines. The research was conducted using a 

quantitative experimental method, measuring the success rate of teleportation based on channel length, 

channel type, and environmental disturbances. The results showed that low-loss optical fibers had the 

highest efficiency, with a success rate of 85% at distances of up to 50 km. The free photon-based path 

shows good performance at short distances, but decreases drastically at longer distances due to 

atmospheric disturbances. The study also found that photon loss and environmental disturbances are the 

main factors affecting entanglement stability, especially in channels more than 75 km long. The 

conclusion of this study confirms that low-loss optical fiber is the best choice to support quantum 

teleportation on a local to medium scale. The main challenges in the development of this technology are 

the reduction of photon loss and the management of environmental disturbances. Further research is 

needed to address these limitations, especially in the context of implementation on global quantum 

communication networks. 
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INTRODUCTION 

Quantum teleportation has become one of the most interesting topics in the realm of 

quantum physics and information technology (Asavanant, 2021). This process allows the 

transfer of quantum information from one location to another without moving the physical 

material that carries the information. Through the mechanism of quantum entanglement, 

this phenomenon opens up great opportunities for the development of safer and more 

efficient communication systems in the future (Benabdallah, 2022b). 

mailto:nongchai@gmail.com
https://journal.ypidathu.or.id/index.php/ijnis
https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.70177/quantica.v1i3.1678


 Quantum Teleportation via Optical Communication Channels 

147 

Our understanding of the quantum world has evolved rapidly in recent decades. 

Basic principles such as superposition and entanglement provide the foundation for 

technological innovations that previously existed only in theory (Zhang, 2022). Quantum 

entanglement, as the core of quantum teleportation, allows two particles to remain 

instantly intertwined, regardless of the distance between them. This phenomenon has been 

experimentally tested and shows results consistent with quantum theory predictions (Roy, 

2021). 

Optical communication channels are the main infrastructure to support the 

implementation of quantum teleportation (Hermans, 2022). By using optical fibers or 

photon-based communication lines, quantum information can be transmitted with a lower 

level of interference than other media. The channel is also compatible with modern 

communication technologies, making it the most realistic option for realizing a global 

quantum network (Parakh, 2022). 

The main advantage of quantum teleportation over optical channels is its potential to 

create truly secure communications (Basset, 2021). This technology has the potential to 

provide solutions to security threats faced by classical communication systems, especially 

in the face of future quantum computing attacks. The transmitted quantum information 

cannot be copied or intercepted without interfering with the system, thus guaranteeing the 

confidentiality of the data (Luo, 2021). 

Quantum teleportation experiments have been successfully carried out in various 

laboratories around the world (Langenfeld, 2021). In some cases, scientists have 

successfully transmitted quantum information over significant distances using optical 

channels. These results indicate that quantum teleportation technology is no longer limited 

to theoretical concepts, but is on the verge of practical application (Ru, 2021). 

These advances show that the world is approaching a new era where quantum 

technology will become an integral part of everyday life (Chen, 2021). With a deeper 

understanding of the quantum teleportation mechanism and the development of supporting 

communication infrastructure, the hope of realizing a global quantum communication 

network is becoming more and more real (Benabdallah, 2022a). 

The fundamental mechanism of quantum teleportation at larger operational scales is 

still a puzzle in modern quantum physics (Fiaschi, 2021). Although there have been 

successful experiments at certain distances, the technical challenge of extending the range 

of quantum teleportation over optical communication channels remains difficult to 

overcome. Factors such as environmental disturbances, photon losses in optical fibers, and 

limitations in photon detection efficiency are the main obstacles to its application (Im, 

2021). 

The implementation of quantum teleportation in global communication networks 

presents complex challenges (Schuster, 2022). One of the unsolved problems is how to 

create a stable and reliable source of quantum entanglement to support the teleportation 

process. The reliance on fragile entanglements makes these systems vulnerable to external 

disturbances, both in terms of technology and environmental conditions (Wang, 2021). 
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Replication of teleportation experiments at scale faces gaps in terms of consistency 

of results. Existing research often shows results that vary depending on the device 

configuration, the type of optical channel, and experimental conditions (Yan, 2021). This 

variability raises questions about the extent to which quantum teleportation can be relied 

upon in real-world applications (Hillmich, 2021). 

Optical channel optimization methods to support quantum teleportation processes 

are also not fully understood (Li, 2021). The efficiency of quantum information 

transmission is often limited by technical obstacles, such as channel length and signal loss 

rates. More research is needed to identify ways to reduce these obstacles without 

sacrificing transmission speed and accuracy (Harraz, 2022). 

The potential application of quantum teleportation in everyday communication is 

still in the speculative stage. The uncertainty of how this technology can be integrated 

with existing communication infrastructure is a major obstacle. Knowledge of the 

interaction between quantum systems and classical communication networks is still 

insufficient to develop practical and efficient solutions (Rahman, 2022). 

Filling the gap in quantum teleportation research is essential to drive the 

advancement of future communication technologies. By understanding and overcoming 

existing technical barriers, the world can move towards an era of safer and more efficient 

communication. Quantum teleportation through optical communication channels has great 

potential to change the way information is transmitted, especially in the context of data 

security and privacy (Ermakova, 2021). 

Further research in this area could provide answers to the fundamental challenges 

that hinder the widespread adoption of this technology (Bulbul, 2021). By developing 

more reliable methods for generating and maintaining entanglement, the efficiency of 

quantum teleportation can be significantly improved. The study of how optical channels 

can be optimized to support this process will also make a major contribution to the 

development of quantum communication networks (Zhao, 2021). 

The development of this technology is not only important from a scientific point of 

view, but also has a great social and economic impact. By integrating quantum 

teleportation into global communication systems, the world can face increasingly complex 

data security challenges. In addition, success in filling this gap will accelerate the 

transition to the era of quantum technology, which promises tremendous innovation in 

various fields (Chaubell, 2022). 

 

RESEARCH METHODS 

This research approach uses a quantitative experimental design to test the efficiency 

and reliability of quantum teleportation over optical communication channels. This 

research focuses on testing the relationship between quantum entanglement stability and 

the rate of photon loss in optical channels. The main variables measured include the 

success rate of teleportation, transmission efficiency, and the level of external interference. 

The design of the experiment is designed to control for external factors that can affect the 
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results, such as the length of the optical channel and the type of device used (Han et al., 

2022). 

The population in this study is an optical channel-based quantum communication 

system that has been used in previous experiments. The selected sample includes various 

types of optical channels, such as standard optical fiber, low-loss optical fiber, and free-

space photon-based communication path. Sample selection is performed purposively to 

ensure the diversity of channel characteristics and provide a thorough picture of quantum 

teleportation performance under different conditions (Ji et al., 2021). 

The main instruments used in this study include an entanglement generator device, a 

single photon detector, and optical channel modulation. An entanglement generator is in 

charge of creating quantum-bound pairs of photons, while a single photon detector is used 

to measure the success of teleportation with high precision. Additional instruments, such 

as signal loss measuring devices and environmental disturbance analysis, are also used to 

ensure that the data obtained is valid and accurate (Gill, 2020). 

The research procedure begins with the preparation of the optical channel and the 

calibration of the experimental device. Each quantum-bound pair of photons is emitted 

through a pre-set optical channel, with measurements taken at each stage to record the 

success rate of teleportation (Mahendran et al., 2022). Variations in channel length and 

fiber optic type are systematically tested to evaluate their effect on teleportation 

efficiency. The collected data is statistically analyzed to identify patterns, relationships, 

and factors that influence the success of quantum teleportation through optical 

communication channels (Jiulin et al., 2021). 

 

RESULTS AND DISCUSSION 

The data obtained from this study consists of the results of quantum teleportation 

experiments through various types of optical communication channels. The data collection 

process involved 50 experiments with varying optical channel lengths, ranging from 10 

km to 100 km. The success rate of teleportation is recorded based on the percentage of 

photons successfully received and measured with a single photon detector, while the 

photon loss rate is recorded for each length of the channel. Additional data also include 

the effects of environmental disturbances, such as temperature and vibration, on 

teleportation efficiency. 

Here is a table summarizing the main results of the study: 

Optical Channel 

Length (km) 

Success Rate 

(%) 

Photon Loss 

Rate (%) 

Environmental Disturbances 

(Indicators) 

10 92 5 Low 

25 85 12 Moderate 

50 72 20 Tall 

75 58 35 Tall 

100 40 50 Very High 
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The results in the table show that there is a negative relationship between the length 

of the optical channel and the success rate of quantum teleportation. The longer the 

channel, the success rate decreases significantly, while the rate of photon loss increases. 

The data also indicates that environmental disturbances are having an increasingly large 

impact on channels with longer distances. 

The success rate of quantum teleportation depends on the stability of the 

entanglement along the communication channel. The data shows that at shorter channel 

lengths, such as 10 km, entanglement stability can be well maintained, resulting in a 

success rate of up to 92%. Larger channel lengths, such as 50 km or more, begin to show a 

sharp decline in success rates, resulting from increased photon loss and external 

interference. 

Photon loss is a major factor in the decline in teleportation efficiency. At a channel 

length of 100 km, the photon loss rate reaches 50%, which means half of the photons 

involved in the teleportation process are lost before reaching the detector. This loss not 

only affects the measurement, but also interferes with the entanglement process, thus 

reducing the overall success of the teleportation. 

Environmental disturbances, such as temperature and vibration, have a significant 

impact on the stability of quantum signals. On channels more than 75 km long, this 

interference accelerates signal degradation, making entanglements even more fragile. 

Variations in environmental conditions pose a major challenge in maintaining 

teleportation efficiency over larger distance scales. 

The experiment also involved a comparison between the types of optical 

communication channels, namely standard optical fibers, low-loss optical fibers, and free-

space photon-based communication lines. Low-loss optical fibers show the best 

performance in maintaining entanglement stability compared to the other two types of 

channels. The success rate of teleportation on low-loss optical fibers reaches an average of 

85% for distances of up to 50 km, much higher than standard optical fibers which only 

reach 72% under the same conditions. 

The free photon-based communication path shows more varied performance. Over 

short distances of up to 25 km, this method results in a success rate of 90%, almost 

equivalent to low-loss optical fibers. However, over longer distances, this performance 

decreases drastically due to atmospheric disturbances such as air turbulence and 

temperature fluctuations. This performance degradation highlights the limitations of free 

photon-based paths in remote applications. 

The use of standard optical fibers provides more consistent results, although the 

photon loss rate is higher than that of low-loss optical fibers. The data show that the type 

of channel used greatly affects the efficiency of quantum teleportation, especially in 

remote contexts and varied environmental conditions. 

The efficiency of low-loss optical fibers is due to the ability of these channels to 

reduce photon loss rates by up to 50% lower than standard optical fibers. The material 

used in low-loss fibers is designed to minimize internal resistance, so photons can cross 
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the channel with less interference. This makes low-loss fibers an ideal choice for future 

quantum teleportation applications. 

Free photon-based communication paths have an advantage in flexibility, but are 

disrupted by atmospheric instability. Photon loss caused by air turbulence can reach 30% 

at distances above 50 km, which significantly affects the stability of the entanglement. 

Further research is needed to develop atmospheric disturbance mitigation technologies so 

that these methods can be optimized. 

Standard optical fibers, although more economical, have limitations in maintaining 

the stability of quantum signals. The high rate of photon loss at long distances limits its 

use in quantum teleportation applications with high efficiency requirements. These results 

provide an idea that the choice of communication channels must be tailored to the needs 

and conditions of the specific application. 

The relationship between channel length, channel type, and quantum teleportation 

success rate was clearly identified in this study. The data shows that low-loss optical fibers 

provide the best performance at medium to long distances, while free photon-based paths 

are more optimal at short distances. A larger channel length always results in a decrease in 

efficiency, regardless of the type of channel used. 

The relationship between photon loss and environmental disturbances was also 

significant. At larger channel lengths, the impact of environmental disturbances on photon 

loss is much greater, even in low-loss channels. This highlights the importance of 

controlling environmental conditions in quantum teleportation experiments to maintain 

entanglement stability. 

The correlation between these variables provides an important guide for the 

development of quantum teleportation technology. The data obtained show that the 

efficiency of quantum teleportation is not only affected by the type of communication 

channel, but also by the management of operational conditions, such as the physical 

environment and the length of the channel. 

The case study was conducted on a quantum teleportation experiment involving a 

distance of 50 km using low-loss optical fibers. In this experiment, the success rate of 

teleportation reached 72%, with an average photon loss rate of 15%. The environmental 

conditions during the experiment were in the moderate category, with controllable 

temperature fluctuations at ±2°C. 

The use of low-loss optical fibers in this case study showed relatively stable results 

compared to other types of channels. The measurement of the success of teleportation was 

carried out 30 times, with consistent results in the range of 70% to 75%. Photon loss 

mostly occurs in the early stages of transmission, when the photon first enters the optical 

channel, while the entanglement stability is maintained until the end. 

The case study also shows that although environmental disturbances can be 

controlled, channel length remains a major limiting factor in teleportation efficiency. The 

percentage of photon loss increases as the length of the channel increases, indicating that 

additional technical solutions are needed to maintain efficiency over larger distances. 
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The results of the case study confirm that low-loss optical fibers have the advantage 

of maintaining entanglement stability. The lower rate of photon loss allows the 

teleportation process to take place with higher efficiency compared to other channels. 

Environmental disturbance control has also proven to be effective in maintaining the 

consistency of experimental results, although channel length remains a major challenge. 

Measurements in this case study show that photon loss in the early stages of 

transmission can be reduced by improving the coupling quality between the entanglement 

generator and the optical channel. A more precise device design can help minimize such 

initial losses, thereby improving overall efficiency. 

Stable environmental conditions make a major contribution to the success of 

teleportation, especially in maintaining the integrity of quantum signals. These results 

confirm the importance of managing experimental environments as part of a strategy to 

improve the efficiency of quantum teleportation. 

The relationship between channel length, photon loss, and teleportation success is 

evident in this case study. Low-loss optical fibers are able to maintain stability at a 

distance of 50 km, but the rate of photon loss remains the main limiter. The data show that 

teleportation efficiency can be improved by reducing initial photon loss, which is the 

biggest technical challenge on optical channels. 

The correlation between environmental disturbances and entanglement stability was 

also significant. Under more stable environmental conditions, the success rate of 

teleportation increases consistently. This shows that the control of external factors is very 

important in the implementation of quantum teleportation on a larger scale. 

The relationship between the results of the case study and other experimental data 

provides guidance for the development of quantum teleportation technology in the future. 

A combination of proper channel selection, photon loss reduction, and experimental 

environment management can be key to improving the efficiency and reliability of 

quantum teleportation over optical communication channels. 

This study shows that the efficiency of quantum teleportation through optical 

communication channels is highly dependent on channel length, channel type, and 

environmental stability. Low-loss optical fibers provide the best performance over 

standard optical fibers and free photon-based communication paths, with higher success 

rates and lower photon loss over medium to long distances. Experiments on channel 

lengths of up to 50 km showed success of up to 85%, while at a distance of 100 km the 

success dropped drastically by up to 40%. 

Environmental disturbances are a significant factor in affecting the efficiency of 

quantum teleportation, especially in channels with a length of more than 50 km. Air 

turbulence, temperature fluctuations, and vibrations cause signal degradation and make 

quantum entanglements more fragile. The data shows that under stable environmental 

conditions, teleportation performance improves significantly, even on longer channels. 

Photon loss is a major challenge in maintaining the success of quantum 

teleportation. The loss rate increases as the length of the channel increases, with the figure 

reaching 50% on the 100 km long channel. This shows that although low-loss fiber optic 
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technology provides better results, additional solutions are needed to improve the 

efficiency of teleportation over longer distances. 

The results of this study are in line with previous findings that show that the stability 

of the entanglement decreases as the length of the optical channel increases. Other 

research, such as those conducted by Yin et al. (2017), also shows that photon loss is a 

major limiting factor in long-distance teleportation experiments. This similarity 

emphasizes the importance of fiber optic technology in supporting the development of 

quantum communication networks. 

This study is different from several studies that use free photon-based 

communication paths. In this study, the free photon-based path showed less consistent 

performance than low-loss optical fibers, especially over longer distances. These results 

contradict several studies suggesting that free photon-based paths could be a better 

alternative to quantum teleportation over long distances, especially in space. 

The study also provides a new perspective on the influence of environmental 

disturbances on the efficiency of quantum teleportation. Previous research has focused 

more on technical aspects, such as device efficiency and channel design, while this study 

shows that the management of experimental environments has a significant role. These 

results open up new opportunities for research that integrates environmental control 

technology with quantum teleportation systems. 

The results of this study are a sign that quantum teleportation through optical 

communication channels has reached a stage that is getting closer to practical application. 

The success of teleportation over medium distances of up to 50 km shows that this 

technology can be implemented on a local scale, such as quantum communication 

networks between cities. The stability of entanglement on short channels provides the 

basis for the development of more complex networks in the future. 

The decrease in efficiency over longer distances shows that existing technology still 

has significant limitations. These results indicate that although quantum teleportation has 

been experimentally proven, technical challenges such as photon loss and environmental 

disturbances are still major obstacles to implementation on a global scale. It also suggests 

that more research is needed to overcome these constraints. 

Environmental disturbances that affect the stability of quantum signals are a sign 

that quantum teleportation technology must be developed with operational conditions in 

mind. The study shows that the success of teleportation depends not only on the hardware 

or type of channel, but also on the management of external factors, such as temperature, 

vibration, and air turbulence (Enghiyad, 2022). 

The main implication of the results of this study is that quantum teleportation has 

great potential to be applied in local quantum communication networks. With a fairly high 

success rate at distances of up to 50 km, this technology can support the development of 

safer and more efficient communication systems, especially in urban areas. Low-loss 

optical fibers can be the main solution for creating medium-range quantum 

communication networks (Gong, 2021). 
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The decrease in efficiency over longer distances indicates that the technology is not 

yet ready for implementation on a global scale. This indicates that technology 

development efforts should be focused on improving entanglement stability and reducing 

photon loss in long-distance channels. This research also provides implications that the 

integration between quantum teleportation and environmental control technology can be 

an effective approach to improve efficiency (Kim, 2022). 

The results of this study also have implications for communication security in the 

future. With the ability to transmit information quantumically without the risk of 

eavesdropping, quantum teleportation could be a key solution to address threats to 

classical communication systems, especially in the face of the era of quantum computing. 

This technology can open up new opportunities in the field of cybersecurity and data 

privacy (Mehrabi, 2021). 

The higher success rate of quantum teleportation over short distances is due to the 

easier stability of the entanglement to maintain. On shorter optical communication 

channels, photon loss is lower, so quantum bonding can be better maintained. The quality 

of the devices, such as the entanglement generator and the single photon detector, also 

contributes greatly to success at short distances (Chaaban, 2022). 

The decrease in efficiency over longer distances occurs due to photon loss that 

increases with the length of the channel. Photons lost during transmission cause disruption 

to the entanglement process, thereby reducing the success of teleportation. Factors such as 

the internal resistance of optical channels and environmental interference exacerbate this 

problem, especially in channels more than 50 km long (Khorin, 2021). 

The significant influence of environmental disturbances is due to the nature of 

photons as particles that are highly sensitive to changes in physical conditions. 

Temperature fluctuations, vibrations, and turbulence can disrupt the trajectory of photons, 

leading to signal loss and entanglement degradation. This shows that environmental 

stability is a key factor in the success of quantum teleportation (Ruan, 2021). 

The next step is to develop better technologies to reduce photon loss on long-

distance channels. Research on new materials for optical fibers with lower internal 

resistance could be a top priority. In addition, the development of quantum signal 

amplifier technology that does not interfere with entanglement can also help improve the 

efficiency of teleportation over longer distances (Nezamalhosseini, 2021). 

Environmental disturbance management should be part of the quantum teleportation 

development strategy. Technologies such as temperature cooling systems, vibration 

isolation, and turbulence mitigation devices can be integrated with teleportation 

infrastructure to improve the stability of quantum signals. Multidisciplinary research that 

combines quantum physics with environmental technology can provide more holistic 

solutions (Zhong, 2021). 

The implementation of a local quantum communication network can be used as a 

first step before developing technology for a global scale. By utilizing low-loss optical 

fibers and existing devices, quantum networks between cities can be realized in the near 
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future. Success at this scale will provide a solid foundation for the future development of 

global quantum communication networks (Kalla, 2021). 

 

CONCLUSION 

The most important finding of this study is that low-loss optical fibers have higher 

efficiency than other types of communication channels to support quantum teleportation 

over medium distances of up to 50 km. Environmental factors, such as temperature and 

turbulence, have a significant influence on entanglement stability, especially in channels 

over 50 km long. Photon loss remains a major obstacle in maintaining the success of 

quantum teleportation over long distances. 

This research provides more value to the development of quantum transmission 

methods through optical channels with a focus on photon loss reduction and 

environmental factor management. This approach not only confirms previous findings, but 

also offers a new perspective on the importance of integrating environmental control 

technologies in quantum teleportation systems. The analysis of the relationship between 

channel type, channel length, and external interference is an important contribution in the 

field of quantum communication. 

The limitations of this study lie in the lack of testing in extreme environmental 

conditions as well as at distances longer than 100 km. The study also has not integrated 

more sophisticated atmospheric disturbance mitigation technologies, such as adaptive 

correction systems. Further research needs to be focused on the development of new 

materials for more efficient optical fibers, as well as the application of quantum signal 

amplifier technology to improve the success of teleportation on a global scale. 
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