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1.   Summary

A research team consisting of Prof. Takashi Yama-
moto and Assistant Prof. Rikizo Ikuta at Osaka Uni-
versity and a research team consisting of Dr. Koji 
Azuma at NTT, collaborating with Emeritus Prof. 
Nobuyuki Imoto at Osaka University, Prof. Kiyoshi 
Tamaki at the University of Toyama and Prof. Hoi-
Kwong Lo at the University of Toronto, have suc-
ceeded in demonstrating a first proof-of-principle 
experiment of quantum repeaters by adopting an all-
photonic quantum repeater protocol. This protocol 
enables a global quantum network using only optical 
devices (Fig. 1).

2.   Background

The current Internet is based on a global optical 
fiber network, where long-distance communication is 
enabled by repeaters. An all-optical-network approach 
involves using only communication devices made 
with optical components. This approach holds prom-
ise for an energy-efficient high-speed Internet. 

The quantum version of this all-optical approach is 
called an all-optical quantum network and can be 
realized by replacing the conventional repeaters with 
all-photonic quantum repeaters. This would lead to a 
future quantum internet*1 that would have applica-
tions far beyond the current Internet. 

The all-photonic quantum repeater protocol was 
proposed in 2015 [1, 2] as a promising quantum 
repeater protocol that is implementable only with 
optical devices, in contrast to conventional schemes 
necessitating matter quantum memories.*2 However, 

since the all-photonic protocol is based on a new prin-
ciple called time-reversal that is enabled only with 
quantum entanglement,*3 demonstrating this princi-
ple experimentally is regarded as the first major step 
towards realizing not only all-photonic quantum 
repeaters but also the quantum internet.

3.   Research results

Prof. Yamamoto’s group at Osaka University, in 
collaboration with NTT, the University of Toyama, 
and the University of Toronto, has successfully dem-
onstrated experimentally a key component of all-
photonic quantum repeaters—the time reversal. This 
corresponds to a first proof-of-principle experiment 
of all-photonic quantum repeaters.
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*1 Quantum internet: In the field of quantum information, a quan-
tum internet describes a global quantum-communication network 
that enables the exchange of quantum information—which is 
represented by quantum superposition states—between arbitrary 
information-processing devices all over the world.

*2 Matter quantum memory: Quantum memory is the function to 
store the quantum superposition states for a certain period of 
time. For instance, in contrast to the memory in conventional 
computers that can store both bit values 0 and 1, quantum memo-
ry can store not only 0 and 1 but also their quantum superposition 
states. A matter quantum memory is the realization of quantum 
memories based on matter such as an atomic ensemble, a single 
atom, an ion trap, a quantum dot, a superconducting qubit, and a 
nitrogen-vacancy center in a diamond.

*3 Quantum entanglement: A quantum superposition state of com-
posite systems that can never be expressed by any collection of 
the descriptions of the subsystems. This is an essential resource 
for quantum communication and quantum computation. The ex-
istence has already been experimentally demonstrated by using 
photons and atoms.
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This demonstration indicates that not only all-pho-
tonic quantum repeaters but also a global all-photonic 
quantum internet is possible once ultralow-loss inte-
grated optics and efficient entanglement light sources 
are available. At the same time, the current demon-
stration also corresponds to a first proof-of-principle 
experiment of an adaptive Bell measurement,*4 which 
is required for arbitrary quantum repeater schemes 
(including the conventional approach with matter 
quantum memories). This suggests that the all-optical 
approach is one-step closer to achieving quantum 
repeaters than conventional approaches.

4.   Future prospects

This experiment showed that the all-photonic 
repeater approach has a promising advantage com-
pared to the other approaches with matter quantum 
memories for building a worldwide quantum internet. 
The next steps towards achieving the quantum inter-
net with the all-photonic repeaters are developing 
large-scale graph-state photon generators and 
ultralow-loss photonic circuits so as to be able to per-
form a larger-scale adaptive Bell measurement. This 
experiment is merely a first step. However, it is essen-
tial for achieving a future energy-efficient high-speed 
quantum internet, where we are able to enjoy abso-

lutely secure communication, uncopiable money, 
secure e-commerce, longer-baseline telescope arrays, 
a single international clock with high stability and 
accuracy, cloud quantum computing, large-scale 
quantum computer networks, and other benefits.

This work was published in the journal Nature 
Communications on January 28, 2019 [3]. This 
research is in part executed under a project of the 
Japan Science and Technology Agency CREST 
called ‘Creation of an innovative quantum technolo-
gy platform based on the advanced control of quan-
tum states,’ ‘Global quantum network’ (Research 
director: Nobuyuki Imoto). It is also supported by the 
Ministry of Education, Culture, Sports, Science and 
Technology/Japan Society for the Promotion of Sci-
ence KAKENHI, and the Center for Promotion of 
Advanced Interdisciplinary Research of the Graduate 
School of Engineering Science, Osaka University.

Fig. 1.   Experimental setup for all-photonic quantum repeaters.

*4 Adaptive Bell measurement: The Bell measurement is a measure-
ment on a pair of particles to reveal which state of possibly maxi-
mally entangled states has been taken by the pair of particles. 
Each quantum repeater needs to perform the Bell measurement 
on a pair of particles, on confirming that each particle shares 
quantum entanglement with other repeater nodes. This Bell mea-
surement performed in an adaptive manner is called adaptive Bell 
measurement.
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