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how econ classical are entangled slates

a megue62y

Consider the following game played by Aeret

Bob with cons preparedby a referee R

R
HEY desbities HEY o

A.EE 3isoEooneaTsi a B
to both Atb

following some E 2

probabilistic rule

but w out memory
Narbonne

A B play many rounds of the referee head round

A B each jet 3 coins are closed boxes Cateded0,42

prepared according to some rule deterministic

or random but the same molep rule in every nd by R

head rd A B can look at onlymeatheadx o 1,2 y o 1,2 We devote headsets
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and tails h and the obtained results by
a f It by It

After that the boxes are collected by the referee

and a new round starts

By repeatedly measuring
the same box x y

A B osserve They alwaysget the same

outcome i e

r A B are sweat they can use this to cheat

the referee and obtain the value of hooey
in a single round

Idea A checks core X B checks core y x x

Then since a b they know ax and axX X

1L the sauce round

This clearlyworky m a classical scenario

i.e with cars we will formalise this cafe
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Consequence be a class world A B can use Kees

yexactas
N one

to estimate p a a
Ncaa au

y
x x E NT f x x

f total rounds
prosaszz of roundswhere a a i

Then

p Cao a p la as t p ar ow 7 I

T i r

Najaf NCa NGAI
Ntor Nts

give m each round atleast two cores canst

be equal or all 3 I

Usneg that classically a b

pCao b tp a be placebo 7 I

is satisfiedfor any classical theory
which satisfies a b Val

is called 1k
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Doki Bell inequalities are inequalities satisfiedby
classical Hee ones and have apriori cutlery
to do with quantum theory

Buf be a suitable quantum mechanical version

of the game
is violated 6

Quantum of genes

areas setting

f
whattomeasure If

a rs is
T y

I s
ax y6 mcas outcome

R desbitutes bipartite state 47

A B perform a measurement dep on xly
w outcome axlby
I.e Which box to open a which means to
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perform AIB can darays only do one

areas each on original AEK

Setup ly a hf loss Kos

A B do projectic measurement along
axes ee and city i.e they measure

the operators et FA and estx Mg

We will specify a and eety Cake on

it holds that FA FB 14 7 0

I IIa D

i.e Aa tr y 7 0 Tx My z

by direct inspection or once 147 has sp.no

p 24 16 5 EB E ly s

FA.IE ys from the atone

y l F E EA e If
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queue y

treasure
I e.g from Shuidt dec

thereof he

Ty Uhura I I cos 0
A

angle between
aced It

Measurement along u Reas operators protectors

Ete E t Ita E

i
p Is 1 4 24 1 E E EE ly i

tact n his

4 e g
II

as
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and

p It IL t ltcoso

D prob a b E e as 8

prob a b Italo

Abu Cat A choose cream week reef cut

Eta
Mor U

m the DIZ plane

and B along m a T

ru
Mz

t
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Then
x y p ax by 1 cos 1807 I

A B always get faeneresult when

they measure the same core

xt yipfax.by iz r osteal f
42

P p ao b p grebe plane Cso Ig 1

while Bell meg stated Z L for cheese theories

Bed inequality violated

Formally what were the assumptions

of our d.es

Rea Outcomes of measurements are

elements of reality i.e they have

pre determined values even prior to

measurement
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Located ARB's boxes cannot

communicate once distributed

D Quantum mechanical predictions are

mcompahke with any the

theory we need to gowe up either

locality or read

Bell inequalities can be used to certify that a

system Jeheres quantum mechanically i e

non classically If we measure a violation of
the Bell inequality note that p a by
can be estimated reliadly by repeated
measurements we know that the system
cannot be described classically and canst

News Je quantum mechanical
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5 The CHSH inequality

Bell's reequality hes
two downsides

i we first need
to separately test that a S

ii we need 3 different measurement settings

maybe with only 2 settings everything

can fe modelled classically

Consider setting with 2 measurements X o I jy oh

again with outcomes a by II minimal seltry

Smee a I 1 by II

C aota b t ao e b 2

y
one of these Lt Je

the other is IZ

average over many iterations prole
desk

0

1671 E C Ich 2
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Isao bi t Ca So t Cao bas ca S I E 2

EHSH Y Clauser Horne Shimmy
Holt

violation of CASH inequality in quantum theory

Take 147 14 7 s

ax FA f
mo

by af Ers
Ls up

t.in
XZ plane

Have seen

ax by cos 0

D Lao bo Lao b 7 Ca So

a b t tf2
Kaobo tcqbostsa.be ca b 1 252 2

CASH inequality uketed

Mete This violation is optimal maximal within QM
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But With a glued local theory Is 1 4

can be obtained QM is more restrictive than

general Coral theories Homework

c formal setup and Cereal hidden wannabe theories

Formal setup for physical theories on sparkle seby

y
I

TL s
a b

A input x rucas setting

output a wees result

B input y output is
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Any physical theory
is characterised by a

conditional probability distribution

P a blxiy
to obtain a b given x y where

Tfs Plablay
L tx y

Ozu which PCqblx.gl are consistent with

a given physical theory

Classical physics i

LHU model

All outcomes are pre determined by
some hidden a

variable d which is chosen according to
some

destitution Rgire to ARB who act independently
i.e Coady conditioned ad

toe Outcomes exist molep of eneas

realm and no faster than light
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Communication between A f B Cereal

1 ei

Io Pla blay T.gg PIMP bly

prob distr T
over d can be made

determine the by
putting all random
ness m k f g t

x d g y
I

IT
T inner workup of s

a
box depend n

How have we seen unug
the LAV form atone

in the derivation of Red type megaebhas
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E g CH SH

C Laoso t Ca So t Caob sa b

I C i Laxby
My

Ey th'T Easy
ax by
Jax

bday

Eq PI 6 1 14 41

gal E.ge YLEgaxbgPa4axklBiYg1yJ
E

Then Kal E T2 q d IEat and

IEal fEyth'T E ax P add Tg by P byly
Laid Lby d

Cao a tea a so seok ca a deal
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Icao a tea 112 t Isao a car.dk y

I e I

Icao a tea a Icao x saint

E 2 wax l Kadal Kasal E 2

Where have we used the ZHU and 2e

be factoring

saxby I axby P ax.by x y
Axiby

fa4axPdICaxlx Esg P Csgly

Lax d Cby d

otherwise it does not make sense to talk

about cap indep of the value of y and

Laobotaos ta so 9,47 cannot be factorized

either as expectation values ai Lbj or classical

variables cores clerk is in essence the same
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