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Alice Bob

TailHead

Preferred outcome 

≠ Strong coin flipping, no preferred outcome
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Important Cryptographic Primitive
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● Multiparty computation

● Online gaming

● Protocols with leader election 

● Bit commitment



Classical Solutions
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Alice Bob0 1

0 ⊕ 1 = 1 0 ⊕ 1 = 1
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● Trust a 3rd party

● Relativistic constraints 

● Computational assumptions
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PREPARATION

Cheat-Sensitivity = Quantum advantage!
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Quantum Protocol
Experimental Implementation
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● Minimize P(Abort) 
➔  Losses

● Fairness: P(Alice wins) = P(Bob wins) 
➔  Tuning Beam Splitters

● Correctness: Minimize P(Alice sanctioned) & P(Bob sanctioned)
➔  Minimize noise 
➔  Optimize interference

When players are honest:
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Requirements

Quantum Protocol
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Switch & Delay

400ns reaction time
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Switch & Delay

2x 300m fiber spools
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> 300m fibered interferometer
= Optical Microphone!  

Optical
Switch

Fiber Spool

VOA

VOA

VOA

VOA

29



Experimental Implementation
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Noise Recording - Spools Insulation

Noise power ÷11, Interference visibility 80% ➔ 96%
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Fair 
protocol

Correct
protocol

High abort…
but goes to 0 
if less losses

Results with Honest Players
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Simulated with VOAs

Outcomes Probabilities VS Communication Distance
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Cheat-Sensitivity
Possible Cheating Strategies
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Quantum advantage!
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Quantum advantage!
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Cheat-Sensitivity
Dishonest Bob
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P(Bob wins) + P(Bob sanctioned) = 1

Cheat-sensitivity decreases with 
losses and communication distance
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Cheat-Sensitivity
Dishonest Alice
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Alice’s bias

Sanction probability 
increases with bias

Winning probability peaks
for a bias ffffffffff

Cheat-sensitivity limits Alice’s 
cheating strategies
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Cheat-Sensitivity
Dishonest Alice

Alice’s interest in cheating:

deterrent factor
=

strength of the sanction 

The interest peaks thanks 
to cheat-sensitivity!
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Pump Spectrum
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Photon Spectral Filtering
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Full Setup
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Detection Efficiencies
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Fairness & Correctness
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Reflectivities, Honest Players
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Reflectivities, Honest Players
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Theoretical Formulas


