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1Introduction

Consider a bipartite state 14 Ha Hg

We say
that tea productstate of it can

be written as

14 077 1 1

for some 1ha Tea 14 Ekg

If ly is not a product state we
say that

1entangled

How can we tell of a state is a product state

or entangled

Consider Schmidt decomposition of 1 7

147 I di kits 14

orthonormal
with r the flailtrack

Chapter II, pg 1



r I D 147 to Lef en ly product

y product y 4 7 1407 is Scheider de

Componhk an r I

I.e Radiates have Scheiderer

Elwes here hluidtraa6nz

be particular stabs me as

14 3 tr lo lez halos

or Irs trade.lii

are entangled

Po aksiCanolesennkaeeyacha.of

A B mdependenHy and state

lies a 14A self's Cola Nos 147

half N lol

stays a productetate
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Ehaledstates

Generally cannot describe actions of A B

molependentlye.g
meas outcomes in Schmidt

bass will be preferred

Can we use thesecorrelationsfor non trivial tasks

On hamenttheory
How nonclassical are entangledstates

What can we do with entangledstates

I.e are they a resource

How can we quantify the amount of
entanglement e.g

in terms of usefulness

Are there different types of entangled states

How can we manipulate entangledstates

What about indate tanglement
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2Bellmequalite

how non classical are entangled states

i e how differentfrom objects while follow

probability theory such as coins

aSetting

Compare quantum theory vs coins prob theory

in elementary setting

Um classicalsystem

choose one

choosetype of 1
box

of meas No
1A I

k
outcome

MEN

get to see
boxeswith
coins one coin
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E

Measure choose X or Z

Z
x

safeMe
Z box

1 To valueof xoutcome

or t coin II

Do the pride in these two models differ

For msyste No

Boxes can 1 storeprobabilitiesforany
meas

21 update themselves if needed following

the lawsof g theory

1B Cac even be done storing finite amount

of information

What about bipesystems

Compare que
meas setting Alice Bob

y
meas setting

IT
E eucas

meas outcome outcome
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us classical
choose box choose tox

B

FF
1

Erecoin
see coin

Boxesprepared in advance by referee according

to some fixed rule which can involve randomness

but then the foxes are separated i e the tox of

A B cannotexchange information locality

Are there predictions for quantum systems which

cannot be reproduced with classical coins
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theCHSHinequalityxiwhi.ch
tox

0,1 A B

boxo

sep
1

Hexi boxt

Tus 1

ax outcome H head

or 1 tail

90 11 valueof coil 12 foxo bo 1 val ofcoin in tox

a a 1 a tool 5 I val of coin in fox

In each round Coiles prepared by referee R

following fixed procedure including randomness

then A B measure a coin

In any
round since 90 a to b have well defined

values and a 1 a 1 So 1,5 1

C aota b ao a b 12

F
one of these must be 0

the other is 12
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If we average C over many
rounds we thus get

for the average value C

Kcs 117 2

and of course

C do bota bot cob a b

We thus find that

Kaobo a bo a bi ca sp 2

Cerequality Clauser Horne Shimony
Holt

Must be satisfiedby aggloclclassicatheory

Note Even though A B can each only

measure one of aola or bolf per round

they can estimate Laxby trig by measuring

many rounds with all possible settings 0,1 y 0,1
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c Violation of Lingually

Quantumness

meas setting
whatto measure

A B 8

Hentoff
at by

meas outcome

referee R distributes bipartite state 47

A B perform a measurement dep on y

w outcome ax by

Lp ly hp 101 1103

A B do projective measurementalong

axes –x and –y i e they measure

the operators 7 and ing.GR

We will specify it and –y late on
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It holds that
B

157 0

ƒpI Ia
PDCi.e

02 51 4 7 0 a x y z

by direct inspection or since p has spin 0

aile.ME IEimmam
y E 2 5 IT

E.IE n

1e.g from Schmidt dec

Eh of re due

I um E it casO

angle between

it and I
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violemCHSHequly in quantum theory

Take a ix
w!

by mg GB we w!

XZ plane
It holds that

11 It egenvalues eigenvalues 1

I
d

Laxby 4 ix 8A iy.JP 7

cos 0

aobo cob ca so

Ca b

Kaobo Cabo a bp ca b 252 2

CHSH mequality violated

Quantum theory can exhibit correlations which

classical local theories cannot
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