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Problem

AV
Correlation ?

[ocal Information!

Can we get information on correlations
only from the information of subsystem S ?

Note: Environment is generally infinite systems

Quantum Key Distribution

Problem: How to detect or estimate possible correlations,
only from the information of local subsystem ??
Application: To achieve a secure Key Distribution, this problem
should be considered
Theory: General Probabilistic Theory, including Classical and Quantum

General Probabilistic Theory I

Each Physical System has
- © : set of observables  (with Measurable Space: (. B(R))

-8 :setofstate  (CONVEX (PRE)STRUCTURE)
T:@al)eDlxSxS—+pades

P:(A0,5) € B(R)x O x & Pr{A |56} € [0,1]

(i) e 8,0 € O, A € B{R) — Pr{A ||s; 5}: Probehiliiy Mesaura
(i} Vo € O, A € B(R), 4 €8+ Pr{A ||5;0}: Affing Fusctionel
(FriA |[{m &, t}i0} = pPr{A |l e} + {1 —p)Pr{a lli0D)

Quantum Mechanics

- © : the set of observables = L7} s Belf Ackjuint Orperatorm
- & : the set of state = Tia(#)s Domity Oparier

(nsty=ps+(I-ptes

A € B(R), ¢ € §,0 € O,FPr{A [|5;0} = Tr[E°(A)e]

Static Information on Correlation I

Environment
system

If system S is in a pure state, /_ /\/}/ —
Pur(;\*‘\/ V|
\

we can conclude no correlations u
|

(von Neumann, Lindblad, d’Espagnat, Kimura )

with any other environment E

Theorem 1 Let w € Sg5 on No-signaling Physical System.
I the redoced state wy € Sy from « s pure, then « kas no correlations

(Kimura, Koashi 2007)

Quantitative Estimation!

ik H5() =0
e ~4 14 _Lpy & plEars [reg
¥ "R <Clp) <
k. “\\\ O Lpy Mis  HM-(MP-Y ftl.r‘L_—l%
)
Purulw P{FSJ:'I}B[P;I:B i 1 Parit

O(p) = |lp— p5 @ p5|lz : Comrelstion Messure with Hilbert-Schnridt Norm

(Kimura 2004)

‘ Dynamical Information on Correlation I

If purity of system S has non-zero time derivative, we (Kimura, Hayashi, Ohno 2007)

“can” conclude non-zero correlation with
environment E

Thereoom 4 Let H be a aclf-adfolni HamWtanfan,
T the voriance of H with respert t0 gy in findte, we hare

Puil(t) = pa®pa = Flt) =0,

(Kimura, Ohno, Mosonyi 2008)

Thaorem b Let the Aamiltonian H be boonded with the foem B = Hg @
I+ Ia ®Hg + Hi, where Hg, Hg, snd Hyy: are free Hamflionian of gysbem
Hamiltonisn respectively

g, E snd Interaction . Then, we hevwe
IPEE) < 4v2l[pall| Hunsl v/ Tptae)

Future Problems:

* Where is the border of possible perfect correlations
between legitimate users, provided that they are in pure state?

* Quantitative estimation for unbounded Hamiltonian

* Generalization of Theorem 4,5 in General Probabilistic Theory
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