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Types of entangled states

Biseparable:
' O 0an ®




" Multiparty entanglement

® Relative entropy of entanglement (REE)

® Generalized geometric measure (GGM)

® Monogamy based measure



OAA,.. A,

Pure or
mixed state

V. Vedral, M. B. Plenio, M. A. Rippin, and P. L. Knight, Phys. Rev. Lett. 78, 2275 (1997)
V. Vedral, M. B. Plenio, K. Jacobs, and P. L. Knight, Phys. Rev. A 56, 4452 (1997)
V. Vedral, Rev. Mod. Phys. 74, 197 (2002)
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'\ Multiparty entanglement/

Er(Qaias..4.) = GS(QA Ar..Ar o)

{not genuinely multiparty
entang|ed} S(ello) = tr(o log, 0 — ¢ log, o)

Relative entropy

V. Vedral, M. B. Plenio, M. A. Rippin, and P. L. Knight, Phys. Rev. Lett. 78, 2275 (1997)
V. Vedral, M. B. Plenio, K. Jacobs, and P. L. Knight, Phys. Rev. A 56, 4452 (1997)
V. Vedral, Rev. Mod. Phys. 74, 197 (2002)
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® Relative entropy of entanglement (REE)

® Generalized geometric measure (GGM)

® Monogamy based measure
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E(|Ya,45..4,)) =1— max (YA, Ay...4,)|°

|#) is not genuinely entangled state

¥)

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



AUB = {1,2,...,N}, AnB = 0}

maximal Schmidt coefficients in the

A : B bipartite split of |¢)

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



" Multiparty entanglement

® Relative entropy of entanglement (REE)

® Generalized geometric measure (GGM)

® Monogamy based measure



N
Z Ou. B < Qi As.. Ax:B
=1

Quantum correlation

w Nmeasure
= QA 4,..4An:B— ) Q4B
i=1
Positive «m—7sMonogamous
Negative ~——§Non-Monogamous

V. Coffman, J. Kundu, and W. K. Wootters, Phys. Rev. A 61, 052306 (2000)
T. J. Osborne and F. Verstraete, Phys. Rev. Lett. 96, 220503 (2006)
R. Prabhu, A.K. Pati, A. Sen(De), and U. Sen, Phys. Rev. A 86, 052337 (2012)
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— QAlAz...AN:B T Z QA',,B
i=1

Q = C? = Concurrence squared

V. Coffman, J. Kundu, and W. K. Wootters, Phys. Rev. A 61, 052306 (2000)
T. J. Osborne and F. Verstraete, Phys. Rev. Lett. 96, 220503 (2006)

Q = D = Quantum discord

R. Prabhu, A.K. Pati, A. Sen(De), and U. Sen, Phys. Rev. A 85, 040102(R) (2012); 86, 052337 (2012)
G. L. Giorgi, Phys. Rev. A 84, 054301 (2011)
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2 dimension state

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



dimension of S(p) = —tr(plog p)
subsystem A von Neumann entropy

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



Classical dense
coding capacity

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



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



Quantum advantage

Quantum advantage in dense coding of AB channel:

Cadv(QAB) — maX{S(QB) — S(QAB)7 O}lﬂ
I — | ——

Therefore
C(oap) = log, ds + Caav(0aB)

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



maax

vani(eaBep) = max{Caav(04B),Cadv(0ac), Cadv(0aD) }

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



::lz\lrx(QABle...BN) —_— max{cadV(QAB,')li = 1329 © o0 9N}

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



e —

e — e — — A — e —

IMuItiparty entanglement I

e — e — — e — e — e —

LDense coding - single to mani]
IConnecting both of them l

Analytically

Numerically
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Multiparty DC & Entanglement

N v

Sender A .¢,

Keceivers



i (OABB5...By)

DC advantage

REF Egr(04,4,..4,) = min S(04a,4,..4,|10)

o €n-gen

GGM 8(|¢A1A2...An>) =1- n|1¢a)‘x |<¢|¢A1A2...An>|2

N
Monogamy 5Q — QAlAz...AN:B T Z QA,,B

score .
=1 |
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Multiparty DC & Entanglement

N v

DC advantage & REE

Er(0AB,B,..By) = Ge(gilg_gen S(ollo)

- ABq:
S(Q”G/) E Ex 0 s )

EB] -rest
S

<

(QAB;:B,...By ) Jemeenn,

separable states in

AB;y:By...By Entanglement of

formation

C. H. Bennett, D. P. DiVincenzo, J. A. Smolin, and
W. K. Wootters, Phys. Rev. A 54, 3824 (1996)

Er(04B:B,..Bx) < S(04B,) = Sap,
V. Vedral and M. B. Plenio, Phys. Rev. A57, 1619 (1998)
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(DC advantage)8(REE )

ER(QAB1 B>...Bn ) < SABl

C;nd?/x(QABle...BN) = S»,l — SABI

SB1 < 10g2 dBl

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



i (OABB5...By)

DC advantage

REF Egr(04,4,..4,) = min S(04a,4,..4,|10)

o €n-gen

GGM 8(|¢A1A2...An>) =1- n|1¢a)‘x |<¢|¢A1A2...An>|2

N
Monogamy 5Q — QAlAz...AN:B T Z QA,,B

score .
=1 |



N

Multiparty DC & Entanglement

N v

DC advantage & GGM

Normalization terms which makes
individual quantities maximum

,A“‘ ~True for arbitrary states

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

N g

. | max | d .
8C — log,d “adv ' —lg 1
A &
"\ |
COS 6\0 ) Satu ration
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R.P, A. Sen(De), and U. Sen, Phys. Rev. A 88, 042329 (2013)
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Multiparty DC & Entanglement

N 7

A Saturation

0.0 05 10 1.5 2.0 25 3.0
0'

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



i (OABB5...By)

DC advantage

REF Er(0a4,..4,) = min S(04,4,..4,l0)

o €n-gen

GGM E([Yaa,..4,)) =1 — max (DY a,4,...4.)]°

Monogamy 00 = QA A,...AN:B — Z Qa,B
score
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M aximally-dense-coding-capable states (MDCC)
9/“

1Y) = |111) 4+ 1000) + «(|101) 4 |010))

0.2 04 0.6 08 1.0



| g M aximally-dense-coding-capable states (MDCC)

Vo) = [111) +|000) + a(|101) + [010))

4

Belongs to GHZ class, except fora = 1

Cadv(lwa» P Cadv(h”))
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5 « MDCC states |

M aximally-dense-coding-capable states (MDCC)

1Y) = |111) 4+ 1000) + «(|101) 4 |010))

Eigenvalues of marginal density matrices

1 (1 T 04)2
— 1 — A —
Ag = 2(1:che) = \c B 2(1+ o?)

(1+a)* 1 o

g(‘¢a>) — ]' 2(1 ‘|‘a2) T 2 1 -|-Oé2
E(|)) =1 —max{da, Ag, Ag}=1— )
a 1

1 + o? 2



MDCC states : /‘<
4 @ CcO

— QO _ QQ
Sic = 5B

Codo(|%a)) = 1+ Alog A+ (1 — A)log(1 — A)
—1-H(\)

o ShannOn entI‘OP)'
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X |

\p | Arbitrary state |1) 8@ <O
o

max{Aa, AB, Ac} = Ap

, 1
Since Ag, A\g > 5 _>S — S >0

Cad'v(hb)) — max{SB — SC’) SC’ — SB) O}
= 5c — 5B

Cadv(|¥a)) =1 — H(AB)

Cadv Wa adv(l'ﬁa)) — adv(h”))' adv W)
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'\ /¢/ MDCC states /:

- \p Arbitrary state |1) 8@ <O
| z,q
' max{Aa, AB, Ac} = Aa

1
AA Z AB 2 Ac AA, AB, and A¢ > >
Sc— S >0
Sa < Sp

Codv(|Va)) =1—H(Aa)=1—-542> Sc — S = Cadn(|¥))



Maximally-dense-coding-capable states (M DCC)

1Y) = [111) +|000) + a(|101) 4 [010))

Cadv(hﬁa)) P Cadv(lw))




A A

.~ DC advantage & GGM

>
¢ m—

_MDCC state

9 Arbitrary state



advantage & QC Score

DCC state

Arbitrary state



« NDCC state

w Arbitrary state

® Monogamous

Non-monogamous



Cadv(lwa)) P Cadv(lw))
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J Dense coding - many to single

Sl 52 53 S4 S5 SN

¢ e e




1

Generalized GHZ state

|IGGHZ)s,s,..sxr = Va|0s, ...0sy)|0R)
+ /1 — aeiqb\lsl 535 ]'SN>|1R>

E(lY)) < E(IGGHZ))
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&’\se coding - many to single :
S

S(pr)
3
alogs a4+ (1 — a)logs(l — @)
3

@’ C(IGGHZ)) =

OOI[\DCOII\D

Cp)) = 5 - 22oB2rt (1= n) 06l — 2n)

C(IGGHZ)) = C(|))

Of:)\R
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"~ Set of all max
eigenvalues
all bipartitions

If max eigenvalue
is from receiver E(lY) =1—-Ar=1—a=E(GGHZ))
state (rank 2)



If Ar # max[{la}]
Ar < Ao = max({l4}]

E(P) =1-X<1-Ar=1—a=E(GGHZ))

E(lY)) < E(IGGHZ))
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se coding - many to single

-~ Arbitrary state
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Greneric ¢

If receiver is set as
nodal observer

op(|)) < dp(|GGHZ))

0-(|%)) < 6-(|GGHZ))
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Conclusions
~N -

DC advantage in networlk

Found MDCC skakes




[

in/~qic/

./ /www.hri.res.

http




2!
w,
T

¥,




