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Entanglement measures



Entanglement measures

Monogamous Additive Faithful

Entanglement of formation 𝐸𝐹   

Entanglement cost 𝐸𝐶  ? 

1-way Distillable entanglement 𝐸𝐷
→

  

Distillable entanglement 𝐸𝐷  ? 

Squashed entanglement 𝐸𝑠𝑞   
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Symmetric extensions



Symmetric extensions
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Let 𝜌𝐴𝐵 = σ𝑥 𝑝 𝑥 𝜌𝑥
𝐴 ⊗𝜌𝑥

𝐵 be a separable state and 

consider the state

𝜌𝐴𝐵1𝐵2⋯𝐵𝑛 =෍

𝑥

𝑝 𝑥 𝜌𝑥
𝐴 ⊗𝜌𝑥

𝐵1 ⊗𝜌𝑥
𝐵2 ⊗⋯⊗𝜌𝑥

𝐵𝑛 ,

Where 𝜌𝑥
𝐵𝑖 = 𝜌𝑥

𝐵 for every 𝑖.

What symmetries does 𝜌𝐴𝐵1𝐵2⋯𝐵𝑛 have?

A general state 𝜌𝐴𝐵1𝐵2⋯𝐵𝑛 symmetric under interchanging 

the 𝐵𝑖 systems, and for which 

𝜌𝐴𝐵 = 𝑇𝑟𝐵2𝐵3⋯𝐵𝑛𝜌
𝐴𝐵1𝐵2⋯𝐵𝑛

is called a symmetric 𝒏-extension of 𝜌𝐴𝐵. The state 𝜌𝐴𝐵

is called 𝒏-extendible if it has a symmetric 𝑛-extension.



Symmetric extensions
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Theorem [Brandao, Christandl, Y’11]: 

If 𝜌𝐴𝐵 is 𝑛-extendible, then 

𝜌𝐴𝐵 − SEP
2
≔ min

𝜎𝐴𝐵∈SEP
𝜌𝐴𝐵 − 𝜎𝐴𝐵

2
≤

𝑂(log 𝑎)

𝑛
.

Corollary: 𝜌𝐴𝐵 is separable iff it is 𝑛-extendible for all 𝑛. 



Symmetric extensions
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Proof sketch that if 𝜌𝐴𝐵 is 𝑛-extendible, then 

𝜌𝐴𝐵 − SEP
2
≤

𝑂(log 𝑎)

𝑛
.

Can show: 𝐼 𝐴; 𝐵 𝐶 ≥ 𝑂 𝜌𝐴𝐵 − SEP
2

2
.

Therefore 𝐸𝑠𝑞 𝜌𝐴𝐵 ≥ 𝑂 𝜌𝐴𝐵 − SEP
2

2
.

But 𝐸𝑠𝑞 is monogamous and is bounded above by 𝑆(𝐴), so 

log 𝑎 ≥𝐸𝑠𝑞 𝜌𝐴𝐵1𝐵2⋯𝐵𝑛 ≥෍

𝑖

𝐸𝑠𝑞 𝜌𝐴𝐵𝑖 ≥𝑂 𝑛 𝜌𝐴𝐵 − SEP
2

2



Algorithm for separability
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Proof (sketch): 

If 𝜌𝐴𝐵 is 𝜖-far from separable, it not have an 𝑛-extension,  

where 𝑛 = 𝑂
log 𝑎

𝜖2
.  This can be checked by a 

semidefinite program on 𝑚 = 𝑎𝑏𝑛-dimensional matrices 

with 𝑀 = 𝑎2𝑏2𝑛 variables, which can be done in time

𝑂 𝑚2𝑀2 = 𝑂 𝑎3𝑏3𝑛 = exp 𝑂
log 𝑎 log 𝑏

𝜖2
.

Suppose 𝜌𝐴𝐵 is either separable or is 𝜖-far from separable. 

Then separability can be decided in exp 𝑂
log 𝑎 log 𝑏

𝜖2
time. 


