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QUANTUM ADVANTAGE

Q Communication

Q Computation

Q Simulation

DETECT and QUANTIFY

Mutual information, conditional entropy, accessible information... require full tomography!! (resource expensive)
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Entanglement

Valid entanglement measure for pure 

bipartite states in DV framework

• Zero for product states

• Non-zero for all entangled states

• Monotonically decreasing under LOCC
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Entanglement

Not an entanglement monotone 

for mixed states 

Bound on ergotropic gap 

for mixed separable states

Extension to Continuous Variables???



• Easily-tractable subset of continuous-variable states 

     (few parameters needed for their characterization)

• Two-mode Gaussian study   generalizable 

to any bipartite Gaussian if certain symmetries are 

present (locally symmetric).

•  Parametrization (Bloch-Messiah):

𝜔1, 𝜔2 

temperature factors squeezing frequenciesbeam-splitter 
angle

𝑘1,𝑘2

𝑘 =
𝑘1 + 𝑘2

2 𝜃
𝑧1, 𝑧2 

𝛾 =
𝑘1 − 𝑘2

2

𝜔 = 𝜔1

𝛼 =
𝜔2

𝜔1

Gaussian case 



• Easily-tractable subset of continuous-variable states 

     (few parameters needed for their characterization)

• Two-mode Gaussian study        generalizable to any 

bipartite Gaussian if certain symmetries are present.

• Bloch-Messiah parametrization

• But results are independent of the parametrization choice

Gaussian case 
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Pure case 𝑘 = 1, 𝛾 = 0

• Analogous to DV case

• Δϵ is a valid measure of entanglement

• Δϵ is functionally dependent on mutual information
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Mixed case 

Unlike DV,              is nonzero if and only if there exist correlations

 between the two modes  
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Mixed case 

First observation: 𝚫𝛜 grows with temperature in CV systems !! 

Counter intuitive: correlations should decrease with more noise destroying coherence

Consider relative ergotropic gap instead of absolute one:
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Mixed case 

Functionally independent of mutual information!!!
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Mixed case 

for 𝜌 separable

Impose PPT-based 
separability condition for 

Gaussian states
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Question: how “good” is our criterion at detecting entangled states?

Faithfulness of our 
witness depends on the 

distance between 
 and



3. RESULTS 

For locally symmetric bipartite Gaussians, PPT is necessary and sufficient: 

Question: how “good” is our criterion at detecting entangled states?

We study the parametric family of 
two-mode-squeezed states:

𝑇𝑀𝑆(𝑧, 𝑘, 𝛾)
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Non-Gaussian case 

• We study the behaviour of Gaussian relative ergotropic gap on non-
Gaussian states

• Focus on TMS states (Gaussian) that undergo a photon subtraction 
(non-Gaussian) in one of the modes

• Apply SV criterion as information-theoretic witness of entanglement



Non-Gaussian case 



• Relative ergotropic gap as a witness of entanglement for Gaussian

mixed bipartite states (locally symmetric)

• Independent quantity from mutual information

• Bound on the maximum gap for two-mode Gaussian separable states

• Bound on the minimum gap for two-mode Gaussian entangled states

• Necessary and sufficient criterion for states with symmetric thermal fluctuations(equivalent 
to PPT)

• Possible extension of the applicability of the criterion to more complex non-Gaussian states

4. CONCLUSIONS and OUTLOOK



• Generalization to broader classes of non-Gaussian states

• Multipartite scenario

• Efficiency benchmark (# copies) with respect to quantum 
tomography

4. CONCLUSIONS and OUTLOOK





BACK-UP SLIDES



Gaussian relative ergotropic gap:



Two-mode Gaussian separability condition:



Bound for separable and entangled states:



Distinction between DV and CV:

In continuous-variable systems,
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