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The Internet: Exponential increase in data transfer
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Resources of communication

ÅEnergy
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Resources of communication
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Communication requires Measurement



Application of measurements

Quantum
measurement

Legacy 
Communication

protocol

ÅBetter sensitivity (below shot noise limit measurement)
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Matching measurements and protocol
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ÅExtra benefits?
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Matching measurements and protocol

Quantum
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Do we get any extra benefits with our holistic approach?



ClassicalV QuantumMeasurement Limits
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Compatibility

ÅFiber or free-space
ÅExisting global network
ÅQuantum channels
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Advantages

ÅLonger amplification-free range  
ÅLower signal power 
ÅBetter resource efficiency

NY-DC fiber link without amplification?

ҥҦ
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Advantages

ÅLonger amplification-free range  
ÅLower signal power 
ÅBetter resource efficiency

Moscow to St. Petersburg?
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Coherent Frequency-Shift Keying
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Two parameters:Alphabet of M states:



Time-resolving quantum receiver

Better receiversare theoretically possible
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Time-resolving quantum receiver

28 More theory here: Optica, 5, p. 227 (2018), US Patent 10,382,141 (2019)
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Time-resolving quantum receiver

29 More theory here: Optica, 5, p. 227 (2018), US Patent 10,382,141 (2019)

Alphabet

Bondurant receiver 
Theory: Opt. Lett.18(22), 1896 (1993)
Experiment: OSA Continuum 3(12), 3324 (2020)



Time-resolving quantum receiver

30 More theory here: Optica, 5, p. 227 (2018), US Patent 10,382,141 (2019)

Alphabet

Time-resolving receiver with Bayesian inference
Theory: Optica, 5, p. 227 (2018)
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Experimental receiver

36 PRX Quantum1, 010308 (2020)

Local Oscillator

Signal



Experimental testbed
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Experimental efficiency
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Experimental results
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Scalability with the alphabet length
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Contributions

ÅΨIƻƭƛǎǘƛŎŀƭƭȅΩ-designed communication protocol optimizing 
resource efficiency

ÅExperimental quantum-enabled communication testbed

ÅHighest energy sensitivity to date PerrҒтΦр҈ Ϫ м ǇƘƻǘƻƴκōƛǘ

ÅFirst demonstration of below the SNL error rates for M>4

ÅBondurant receiver: OSA Continuum3(12), 3324 (2020)
ÅFuture work: Hybrid protocols/telecom

41 ivan.burenkov@gmail.com
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Confidence: classical measurement



Continuous quantum measurement

Performs a continuous 
quantum measurement
Enables user data    
tx/ rx

Quantum receiver

0123
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Continuous quantum measurement

Feedback
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Confidence: quantum measurement

Feedback

clicks feedbacks



Receiver for arbitrary user data

Transmitted signals

0123

Quantum enabled linkEncoding

First ever quantum single-shot accuracy estimation
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Received signals

0123

decoding



Single-ǎƘƻǘ άŀŎŎǳǊŀŎȅέ ŜǎǘƛƳŀǘŜǎ  

Transmitted signals

0123

Quantum enabled linkEncoding

First ever quantum single-shot accuracy estimation
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Received signals

0123

decoding

Single-shot confidences



Transmitted signals

0123

Quantum
enabled linkEncoding

First ever quantum single-shot accuracy estimation

Measurement
accuracy 
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0123

Single-ǎƘƻǘ άŀŎŎǳǊŀŎȅέ ŜǎǘƛƳŀǘŜǎ  

0123

hǊΧ
Advanced quantum-
enabled error analysis



User data transmission

Transmitted

128x128

Only 2.68 photons/pixel => 1.34 photon/bit is used



User data transmission
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Ideal classical link

128*128 pixel

Only 2.68 photons/pixel => 1.34 photon/bit is used
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User data transmission

Transmitted

128x128

Only 2.68 photons/pixel => 1.34 photon/bit is used



User data transmission

Only 2.68 photons/pixel => 1.34 photon/bit is used
53

The image modified and used with the permission of the author. Original image copyright © Andrey Sikorsky



First single-shot measurements!



ÅExperimentally obtained single-MBIN ӓ;==OL;=SӔ Ө=IH@C>?H=?ө 
estimations in a quantum state identification measurement for the 
first time

ÅProved experimentally that the single-shot fidelity of the quantum 
measurement is greater than that of the idealized (classical) 
homodyne

ÅProved that single-MBIN ӓ;==OL;=SӔ ?MNCG;NCIHM =ILL?=NFS JL?>C=N 
the ensemble-averaged error rate.

Contributions
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Displacement comparison
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Bayesian probabilities
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CFSK optimization
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LUT
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