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HIGH-DIM ENTANGLEMENT



ENTANGLEMENT  
AS THE CORNERSTONE  

OF QUANTUM COMMUNICATIONS



BUT WHY HIGH-DIM?



ENHANCED SECURITY FOR QKD 

INCREASED CHANNEL CAPACITY 

HIGHER NOISE RESISTANCE

GOING BEYOND QUBITS



HIGH-DIM ENTANGLEMENT  
FOR FREE



CERTIFICATION

EFFICIENT

STATE 

ASSUMPTION-FREE

UNTRUSTED SOURCE 

DEVICE DEPENDENT



1) WHICH STATE IS GENERATED?
FIDELITY BOUNDS

2) HOW ENTANGLED IS THE STATE?

SCHMIDT NUMBER WITNESS
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kmax = d LOCAL DIMENSION

MINIMUM NUMBER OF LEVELS NEEDED TO REPRESENT A STATE AND ITS CORRELATIONS IN ANY BASIS

MEASURE OF ENTANGLEMENT DIMENSIONALITY: 
SCHMIDT NUMBER
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MEASURE OF ENTANGLEMENT DIMENSIONALITY: 
SCHMIDT NUMBER
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STARTING POINT

F̃ (⇢,�)  F (⇢,�)  Bk(�)
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F̃ (⇢,�)  F (⇢,�)  Bk(�)

TWO MEASUREMENTS

WITHOUT ASSUMPTIONS ON ⇢
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WHAT COUNTS AS A MEASUREMENT?
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d-outcomes

IMPLEMENTING A d-OUTCOME MEASUREMENT
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IMPLEMENTING A d-OUTCOME MEASUREMENT
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IMPLEMENTING A d-OUTCOME MEASUREMENT
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IMPLEMENTING A d-OUTCOME MEASUREMENT
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IMPLEMENTING A d-OUTCOME MEASUREMENT

one setting

d2 settings



Number of 
outcomes Tomography Fidelity Our Method
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F̃ (⇢,�)  F (⇢,�)  Bk(�)



HOW TO CHOOSE      ?|�i



1.

Choose standard basis              and measure 
experimental (unknown) state    :
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Nominate target state      :|�i
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Measure in the tilted basis:
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Calculate fidelity lower bound and check witness:

F̃ (⇢,�)  F (⇢,�)  Bk(�)
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Calculate fidelity lower bound and check witness:

F̃ (⇢,�)  F (⇢,�)  Bk(�)

F̃ (⇢,�) > Bk0(�) =) k(⇢) = k0 + 14.



F̃ (⇢,�)  F (⇢,�)  Bk(�)

Exact for pure states and dephased pure states. 

Generalized for M measurements. 

Exact in prime dimensions for M=d+1. 

Generalized for multipartite states. 

Provides lower bound for entanglement of formation.



EXPERIMENT
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SUMMARY OF RESULTS

THEORY 

Fidelity and Schmidt number certification with two 

measurements without assumptions on the state. 

EXPERIMENT 

Highest Schmidt number (k=9) ever certified without 

assumptions on the state.



THANK YOU!



EXTRA SLIDES
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DEVIATION OF THE SCHMIDT BASIS
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NOISE RESISTANCE


