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• Relative entropy of entanglement (REE)	


!

• Generalized geometric measure (GGM)	


!

• Monogamy based measure

Multiparty entanglement

Genuine multiparty entangled



  Genuine  mul)party  entangled:

6= | iAB ⌦ |�i
6= |�i ⌦ |⇠i ⌦ |�iA

B C

Fully  separable:
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  Biseparable:

| iAB ⌦ |�iC
A
B

Types of entangled states
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Relative entropy of entanglement

Multiparty entanglement
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Relative entropy
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Generalized geometric measure (GGM)

Multiparty entanglement

is not genuinely entangled state

A.  Sen(De)  and  U.  Sen,  Phys.  Rev.  A  81,  012308  (2010);  arXiv:1002.1253  



Multiparty entanglement

maximal Schmidt coefficients in the	


bipartite split of
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Monogamy based measures	
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Quantum correlation 
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Classical information transfer

Quantum  Channel

2  bits    
requires  

2  dimension  state

| ABi =
1p
2
(|0A0Bi+ |1A1Bi)

C.  H.  BenneC  and  S.  J.  Wiesner,  PRL  69  2881  (1992)



Dense coding capacity

C(%AB) = log2 dA + S(%B)� S(%AB)

dimension of 
subsystem A von Neumann entropy

T.  Hiroshima,  J.  Phys.  A  34,  6907  (2001)
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Classical dense 
coding capacity



Dense coding capacity

C(%AB) = log2 dA + S(%B)� S(%AB)

positive implies 
dense coding

T.  Hiroshima,  J.  Phys.  A  34,  6907  (2001)

Quantum 
DC advantage



Cadv(%AB) = max{S(%B)� S(%AB), 0}

Quantum advantage in dense coding of AB channel:

Quantum advantage

R.P,  A.  Sen(De),  and  U.  Sen,  Phys.  Rev.  A  88,  042329  (2013)

Therefore



Quantum advantage in networks

B DC

A

R.P,  A.  Sen(De),  and  U.  Sen,  Phys.  Rev.  A  88,  042329  (2013)
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Quantum advantage in networks

R.P,  A.  Sen(De),  and  U.  Sen,  Phys.  Rev.  A  88,  042329  (2013)

B1 B2 B3 B4 BN

A



OUTLINE

Multiparty entanglement

Dense coding - single to many

Connecting both of them

Dense coding - many to single

Analytically

Numerically

Noiseless

Noisy



Multiparty DC & Entanglement 



Multiparty DC & Entanglement 

Sender

Receivers
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Multiparty DC & Entanglement 

DC advantage & REE

separable states in         
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DC advantage & REE
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Multiparty DC & Entanglement 

DC advantage & GGM

Normalization terms which makes 
individual quantities maximum

True for arbitrary statessni
ppe

t
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Multiparty DC & Entanglement 

Saturation
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Saturation

Multiparty DC & Entanglement 
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Maximally-dense-coding-capable states (MDCC)

Eigenvalues of marginal density matrices

MDCC states
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Shannon entropy
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DC advantage & QC Score 

MDCC state

Arbitrary state

3-q
ubi
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Monogamous

Non-monogamous



Arbitrary state      and set           

DC advantage & QC Score 
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Dense coding - many to single

Generalized GHZ state
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Dense coding - many to single

Set of all max 
eigenvalues      

all bipartitions 

If max eigenvalue 
is from receiver 
state (rank 2)

3-q
ubi

t
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Dense coding - many to single

Arbitrary state

GGHZ

3-q
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Dense coding - many to single

If receiver is set as 
nodal observer

Generic ?



Conclusions

DC advantage in network

Complimentarity b/w QC and DC adv

Found MDCC states

Related multi DC and multi QC
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