
 

Entanglement Theory Part 2

Miredstateentanglement is more complicated Is unsolved

Entanglement Witnesses
4
entanglemententropyweary
isn't agood measure in this

separate case Ja s 105

The setof Bipartitequantumstates
have sane entropy
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Pao sit Pao s pound two
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form a convex sets is contained in the larger set

of all bipartite quantum states D

Hahn Banach Corollary

Given a closed convex set C and a point s outside C

there exists a hyperplane P that separates a from C
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some vector y orthogonaltotheplane

sit P so v7 so

One sideof P will bethepoints
x so v7 03 s theother
s i ca v7 co 3



As Dsp is itself a convex set the Hahn Banach

corollary applies to it

The relevantvector space s all states s oservables on AB sit in
spaceof all dead Hermitianmatrices

Inner product HilbertSchmidt coinerproduct Try

From H B given an entangledstate Pao there exists

a hyperplane P in the spaceof Hermitian operators that

separates pao from the spaceof separable states

This hyperplane is definedby some

Hermitian operator W which

yw we call an entanglementwitness

p
Dsp

An entanglement witness W is a Hermitian observable

such that Tr W Jao 7 0 Y Oro E Dsp

if we can find such a W S we canfind such a

W for any entangled
state y we find Tr prow so

we know that Pao is entangled



But more generally y we are told that W is an

entanglement witness s find Trewpao s O Pao
could be entangled or unentangled

The Peres Horodecki Criterion

Summarising pgs 26 38 in S mins

Core idea Remember the Choi Jamilkowski representation

Any channel can be associated with the positionoperator

510 00 I tweet reece

Well the converse is also true can associate positiveoperators with
a channel

0 x Try I o Xt J

We can use this equivalence to convert the statement that

we can always fid a position operator W sit j Trl wpao so

then Pao is entangled into a statement seeing able to

fail the superoperators butnotnecessary
completapositie

A state Jay is entangled if there exists a
positioned

superoperator Of such that IOI Oao has a

negative eigenvalue

for proof see tapednotes



If
I is completely toe then by definition 05 To

has only the eigenvalues
So I will need to be the but not completely tie

key example of such a channel as we saw before is

the transpose becomesif for 2quitstate

A quantum state Pao is entangled if IT 5 Pao
has a negative eigenvalue
We can define the negativity of a quantum state as a

measured of mixed state entanglement

N Pao s t that of the negativeeigenvalues
t a so

s as.name

of Pao



For qujits we have that
every positive superopentor I

can be written as

Io X E X E XT

where E and Er are completelytree maps s X is the

transpose of X


