
QCRYPT 2023

Simon NEVES

Experimental Certification 
of Quantum Transmission 

via Bell’s Theorem

LIP6 - QI team, Sorbonne Université

18th of August 2023



Experimental Certification of Quantum Transmission via Bell’s Theorem

Classical Analogy
A Boat Story…

Alice Bob

2



Experimental Certification of Quantum Transmission via Bell’s Theorem

Classical Analogy
A Boat Story…

Alice Bob

3



Classical Analogy
A Boat Story…

Alice Bob

4Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

5Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

6Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

7Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

8Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

9Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

10Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

11Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

12Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

13Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

14Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

15Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

16Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

17Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

18Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

19Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

20Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

21Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

22Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

23Experimental Certification of Quantum Transmission via Bell’s Theorem



Classical Analogy
A Boat Story…

Alice Bob

24Experimental Certification of Quantum Transmission via Bell’s Theorem



Alice Bob

⟺

25

Certification Problem

Experimental Certification of Quantum Transmission via Bell’s Theorem



Alice Bob

?

26

Certification Problem

Experimental Certification of Quantum Transmission via Bell’s Theorem



Alice Bob

27

Certification Problem

Experimental Certification of Quantum Transmission via Bell’s Theorem

● Lossy, transmissivity 
● Evolves through time (non-IID)
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Repeat N times
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The Protocol

Alice Bob

END

Self-testing: if                 then 

(with high proba)

Violation of Bell-CHSH inequality?
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Success!
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The Protocol
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Device-independent

Violation of Bell-CHSH inequality?
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The Protocol

Alice BobSelf-testing: if                 then 

Semi device-independent

Trusted

Violation of Bell-CHSH inequality?
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Unnikrishnan, A., & Markham, D. (2020). Authenticated teleportation and verification in a noisy network. Physical Review A, 102(4), 042401.

Violation of STEERING inequality?
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Protocol Security

Sekatski, P., Bancal, J. D., Wagner, S., & Sangouard, N. (2018). Certifying the building blocks of 
quantum computers from Bell’s theorem. Physical review letters, 121(18), 180505.

➔ Only lossless channels,

➔ Only verification of a measured channel,

➔ IID assumption

Inspiration
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Assumptions lifted
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Protocol Security
Main Ideas

1. Measurement breaks entanglement & quantum correlations

No violation of Bell inequalities!
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2. Entangled states “contain” all quantum states

Protocol Security
Main Ideas
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If the channel behaves well on a maximally-entangled 
state, it does on everything!

↔ Channel Quality  ↔ Input Probe 
State Quality

↔ Output Probe 
State Quality  

Protocol Security
Main Ideas

58Experimental Certification of Quantum Transmission via Bell’s Theorem

Channel’s Transmissivity



New Quantum Channels 
Fundamental Results
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Extended Process Inequality

Lossless Channels Lossy Channels

→

→  Also valid for sine distance   

Channel Distances J and ♢



Experimental Implementation
Proof of Principle

Trusted Probe States
≈ 99.2% Fidelity

Randomized bases 1Hz

Trusted coupling 
losses
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Entangled-Photon 
Source



● Steering:                                                     with

● Transmission from 22% to 47%

● Number of states              , measurement time from 1h to 3h
➔ non-IID + lossy channel  

Experimental Implementation
Performances
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Honest but Lossy Channel

62

Measured Transmission 

Coupling losses
= Channel (untrusted)

Trusted coupling 
losses

● ⬈ Trust in coupling losses
⟹  ⬈ in certified fidelity

● ⬈ Channel losses 
⟹ ⬊ certified fidelity
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Dishonest Channel

Attempt to disrupt the information: random bit/phase flip
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Dishonest Channel

Attempt to disrupt the information: random bit/phase flip

Attempt detected for 
p,q ≃ 0.01
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Highly sensitive to 
disruption of information
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Performances, Honest Channel
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Trusted Losses
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Fair Sampling Assumption
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Certification Bound
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Average Quantum Channel: 
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Full DI, Input IID
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90% transmissivity 70% transmissivity 50% transmissivity
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Untrusted Channels
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Channel Theory
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New Quantum Channels 
Fundamental Results
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Equivalence Class

Same output states and

Choi-Jamiołkowski distance:

Diamond distance:



Channel and Teleportation
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Channel and Teleportation
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State Characterization
Stability
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State Characterization

Fidelity to maximally-entangled state:

Density Operator
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