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Definition : |ΨAB⟩ ≠ |ψ⟩ ⊗ |ϕ⟩

Two spatially separated observers can’t prepare entangled state with 
local operations even with the help of  classical communication 

(LOCC).

ρAB ≠ ∑
i

piρi ⊗ σi

(Pure state)

(Mixed state)
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Detection of  entanglement

Experimental Theoretical
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Entanglement Witness

Definition:

Local decomposition:



Maximally entangled state mixed with noise

Experimental detection of entanglement via witness 
operators and local measurements
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Bell test
x ∈ {0,1} y ∈ {0,1}

a ∈ {−1,1} b ∈ {−1,1}

p(ab |xy)

< x, y > = ∑
ab

ab p(ab |xy)

< x, y > + < x′ , y > + < x, y′ > − < x′ , y′ > ≤ 2

Hierarchy of  correlations

p |ψ+⟩⟨ψ+ | + (1 − p)I/4

Nonlocal
Steerable

Entangled



Witnessing Entanglement in measurement device independent scenario 



Measurement device independent witness from standard  
Entanglement witness



Due to imperfection in local detectors, a  
separable state may show entangled correlation.

Detection loophole 

 Goal is to ensure negative measured expectation 
value of witness is really due to underlying 

entangled state.

For two qubit states, the detection loophole for witnesses can 
already be closed with a detection efficiency greater than 2/3.

Means non-unity detector efficiency, e.g., 
loss in detection events.



The purpose of MDI-EW is to ensure entanglement  
of a shared quantum state, independent of what 

measurements are being performed. 

We investigate whether this type of witness also 
guarantees entanglement independent  

of inefficient detectors.

Consider 3 cases:  lossy events,  
                              dark counts  
                              when both are present



Any EW can be decomposed as 
W = c0𝕀 + ∑

α

cαSα

W will detect entanglement when ⟨W⟩t < 0

is not sufficient to detect entanglement

Lost event efficiency : η− =
Ñ

Ñ + ϵ−



Additional event efficiency : η+ =
Ñ

Ñ + ϵ+

For Werner state : 

For noisy GHZ state : 

No separable state can be identified as entangled.

General case :



Case I : In case of loss

Erroneous conclusion

Case II : In case of dark count, no wrong detection



Case III : In case of dark count and lost events

MDI-EW detect entanglement  
without any loophole when                                



Imperfections in detection devices lead to erroneous 
Conclusion about the underlying state.

Conclusion 

MDI-EW does not show a separable state as  
entangled When measurements are wrong.

Conditions for detection loophole free  
test of entanglement via MDI-EW. 




