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ÅDistributed Quantum Computing

ÅBlind Quantum Computing

ÅDistributed Sensing

Å Long-baseline interferometry

ÅSecure Communication

ÅSingle-Photon Metrology

Å etc., and other applications we will think of in the future

Use of Quantum Networks



Node

A quantum network node will receive, store, send and create a quantum 
signal based on single photons through an optical quantum channel 
augmented by a classical channel. 
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Distribution of Quantum Information
entangle node A and B
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1) To entangle node A and B, we chose path A-C-B



Distribution of Quantum Information
entangle node A and B
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1) To entangle node A and B, we chose path A-C-B
2) Photons must arrive from node A and B at C at the same 

time to interfere
3) Noise may cause an error



Distribution of Quantum Information
entangle node A and B
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1) To entangle node A and B, we choose path A-C-E-F-B
2) Photons must arrive at nodes at the same time to interfere
3) Noise may cause an error
4) If there is one error along the distribution route, the 

entanglement fails
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Å We will not necessarily have dedicated dark fibers, so:
Å ΨbƻƛǎŜΩ Ƴǳǎǘ ōŜ мл ƻǊŘŜǊǎ ƻŦ ƳŀƎƴƛǘǳŘŜ ƭƻǿŜǊ ŎƻƳǇŀǊŜŘ ǘƻ ŎƭŀǎǎƛŎŀƭ ǊŜǉǳƛǊŜƳŜƴǘΣ ƛΦŜΦ 

reduced from -30 dBm to -130 dBm (~1000 photons/sec) ςgating can be beneficial!

Å Quantum signals need to coexist with strong classical signals

Å Network needs to be transparent ςno OEO conversion

Å Polarization Mode Dispersion

Å Latency must be small (no quantum memory yet*)

Å Need Quantum Repeaters (amplifiers are not an option)

Å Nodes must be well synchronized depending on the application (ps to ns)

Challenges for future quantum networks



Node synchronization
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Need to know: Dt14
-Dt24 and adjust time delays accordingly through local 

oscillator phase control or physical delay implementations

Dº0 = Dt24-Dt14
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Quantum Network Protocols will use 
singlephotons arriving at the 
detection plane quasi-simultaneously

The precision of arrival time depends 
on the physical implementation of the 
qubits in the nodes

Precision can range from nanoseconds 
for atoms and ions to picoseconds or 
even femtoseconds for spontaneous 
parametric downconversion.

Some protocols also require phase 
knowledge between nodes!



High-Accuracy PTP (HA-PTP)
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The precision (jitter) is the most important metric, as this will correspond to a 
shot-to-ǎƘƻǘ ǾŀǊƛŀǘƛƻƴ ƻŦ ǘƘŜ ǇƘƻǘƻƴΩǎ ŀǊǊƛǾŀƭ ǘƛƳŜ
Accuracy (the mean) can be compensated by through LO phase adjustment.

Rb reference



Time Tagger Evaluation
constant fraction discriminator
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Time Tagging Results

11
WR  can give us the required precision



Coexistence study ςnoise measurement

leader
follower



Coexistence study ςnoise measurement

Measured noise in quantum channel can be significant. Forward scattering 
(FS) and Back scattering (BS) is present at all wavelengths



Å HA-PTP can be used to synchronize local nodes with picosecond precision, such 
that entanglement distribution is possible.

Å Coexistence of HA-PTP and the quantum signal can work for short distances.

Å Outlook:
Å Polarization entanglement distribution along with HA-PTP in the same fiber

Å Implementing PLL and stable oscillator to get better TIE @10 ms

Å Interference between two single photons synchronized with HA-PTP

Å Compare HA-PTP with weak photon pulses and photon counting

Conclusions/Outlook

*Certain commercial equipment, instruments or materials are identified to foster understanding. Such identification does not imply 
recommendation or endorsement by the National Institute of Standards and Technology, nor does it imply that the materials or 
equipment are necessarily the best available for the purpose.



Hong-Ou-Mandel Interference



Hong-Ou-Mandel Interference
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Hong-Ou-Mandel Interference
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Hong-Ou-Mandel Interference

Coincidence
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Photons must be indistinguishable in frequency, polarization and time



Hong-Ou-Mandel (HOM) Interference
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Hong-Ou-Mandel interference dip

HOM interference lies at the heart of quantum information applications



Quantum State Teleportation

Jin et al, Sci Rep 5, 9333 (2015) *10 ps  н ƳƳ ƛƴ ŦƛōŜǊ
*


