An alternative multipartg

-—I-_‘-'_‘__

quantum mutual information

el ~

Asutosh Kumar

DePar‘cment of Phgsics, Gaya Co”egq Gaya

Sl
oy

OIPA-2013

i —— | eyt s B g

Magaclh University, Boclhgaga

d I " it ' i, D gl bty St - o ity i Lt




" iy A e i ety oy Gt~ iin

outline-
quantum mutual information (QM)I): a brief review
another QMI: motivation and aPProach
identification/ ComParison with other quantities

Prol:)erties and bounds




notation and definition-
px : quantum state associated with system X
S(,OX) = —tf(,OX log ,Oa:) = Sx: von Neumann entropy
= 5y =~ Dxy = Ox + oy

S(p H 0‘) = tr(plogp — plog ()‘): relative entropg

strong sub~aclditivitg relations
Vv iz oy —Sxyv tSvz o S5x POV S Sxzi
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two~Part9 case-
PAB: quantum state of a bipartite sgstem

I(A:B)=544+ 5 — Sap: QMI between A and B

— nonnegative; 5ub~a<:1ditivit9 of entropy

- Measures total correlation (classica|+quantum)
between A and B; the amount of work (noise) that is

requireci to erase (destrog) the correlations Complete|9
Groisman, Popescu, Winter, PRA 72, 052517 (2005) |
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multipart9 case-
OAE oA multipartite c]uantum state

—In an n—-Partg sgs’cemJ there can be ‘<~Partg
(2-Lk-—n) correlations between the subsgstems

-—-&similarlg) information can be shared/distributed

between two or more Parties o multil:)arty system

A1A2°°°AkEA1UA2U“'UAk

PAa, = PAL-—A;j_1A;1q1-A,




multipartg case~]

Cn(A1:---: Ap) = Z(—l)’”“rl Z S A (k)
k=1 {AR)Y
n—1
=S (=it 35 i A
= (A®)

— 500 what o this?

— COMMmon (n~Partg interaction) information

—canbe Positive, negative or zero
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th r<-:<:~Part9 sgstem S,

PABC: tril:)artite quantum state G by

Cg(A 2 C) Sc
= 5p LS50 (SaB T Sde FoBe TS i
=J1(A:B)+I(A:C)—-I(A: BC)

— Sabe

—» common information

-bnegati\/e value implies monogamy of biPartite QM

—vanishes for tripartite pure states
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multipart9 case~|l

T, (A A =1N By = 5.0
k=1
n—1
= > I(Apy1: Ag- - Ay)
k=1
= (IOAl Anp H ®10Ak>
k=1

—p straightmcorwarcl generalisation of bipartitc QM

—» non-negative; does not have an interpretation

of total correlation unlike the bipartite case




t]’l ree~Part9 595tem

PABC: tripartite quantum state

T3(A:B:C)=84+Sg+Sc— Sasc
— Fid: B FAB O

= S (pasc || pa ® pB ® pc)

— Sgb t Sac + Sbe T+ 25abc

why notjust Sab + Sac + Sbe + Sabe?!
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motivation for alternative QMI

+C,(A1:---: Ay,)

considers onlg n-party interaction;

can vanish for pure states; can be negative

- T, (A1:---: Ap)

some interactions are considered more than once

-+ S, (A1 Ay)
information shared between two and more Parties

of a multipart9 sgstem

R s = mana Cal o e i — — : 2 v — —




case-~ll

PABC: tril:)artite quantum state

S3(A: B:C) = Sab+ Sac + Sbe + Sabe .
— J(A:B)+I(A:C)+I(B:C)=2C5(A: B:C)

_ [(A: BC)+I(B:CA)+I(C: AB)~Ts(A: B: €)
= ¢ 5. | SBg 254iBC

= S (p5%c || paB ® pac ® pse)

A . e . i O A —



multipartg case-lll
Sn(A1:---:A,) = (Sayas + )+ (-2 )+ Sa;..a

:Z[(AR:A_k)—Tn(Ali"‘3An)

= ZS— (n= 1184 4

dual total correlation T. S. Han, Inf. Cont. 38, 133 (1978)

secrecy monotone Cerf, Massar, Schneider, PRA 66, 042309 (2002)

=9 0a H®PAk

bincling information
AK, PR/—\ 96, 012332 (2017)
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properties of Sn(Ar:---: Ap)

e non~negative; does not vanish for pure states;

considers all interactions on|9 once; equals 96

for pure states; vanishes for Fu”g Procluct states
—p SQ — T2 — OQ

—» additive for Procluct states

P A= PATA RO PAA A,

S5(A1 SR A5) — SQ(Al - AQ) e Sg(Ag 5 A4 g A5) |
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Properties of Sp(Aq:--- 1 Ay)

Wmonotonicitg under Partial ace

and other completelg Positive maps
+ Sn+ T = Y I(Ag: A)
k=1

+ T, — (n—2)S4,..4, < Sn < T, +254,..4,

— can S, exceecl HE yes, because

€. =1, -5 can be negative

—p measures geﬂuine total correlation!!!
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