Bell’s Inequality (4 1a Shimony)

am (04 B bn

a,,b, E[—l, 1] “Measurement results”
Define

p' (m/ﬂ,aﬁ) -- Probability of m’th outcome, given /1,0[,/3
p’(n/Aap) - Probability of n’th outcome, given ra,p

p' (m/ﬂ,a/jn) -- Probability of m’th outcome, given ,/1,0[,/3 Bl
p’ (n/Aafm) - Probability of n’th outcome, given Aa,f.m
p (mn/;ta/g’) -- Probability of m & n’th outcome, given /1,0[,/3

Baysian Probability

p(mn//locﬁ): pl(m//laﬂn)-pZ(n//laﬁ) (: pz(n/).aﬂm)pl(m//laﬂ))

Parameter Independence

p' (m/ﬂ.aﬁ) =p' (m/ﬂa) p’ (n/ﬂ.a/a’) =p’ (n//'L/J’)

Outcome Independence

p' (m/Aopn) = p' (m/Aop) P’ (n/Aapm) = p* (n/ Aap)

Combine = p(mn/ laﬁ) =p' (m/ 2,05) op’ (n/ lﬁ) “Bell’s locality condition”

Define expectation values:

E (/10{) = Epl (m/ﬂa)am Deterministic if we set p? () = {0, +1
E*(48)= > p* (n/4B)b

E(AapB) = Ep mn/Aaf)a, Ep mfAa)a Ep n/AB)b,

= |E'(Aa)E’* (AB) = E(AaB)|-- factorizability
EE’€[-1,+1]




Lemma:
If {x,',y,y'}E[—l,H],
then -2 < xy+xy' +xy-xy'<2

Proof: 1. S is linear in each of its arguments
.. S will be maximum (minimum) at limits {x,x’,y,y'} = [:l, +], x1, il]
S(m_x) =4(-4)
S = ' ' _ 2 1 1
2 L)y y7)=2x'y S, =+2,46,-2,6
(0,22)(0,£2) - (=2) (o)
Sy =42 (-2)
Substitute

x=E'(Aa), x'=E'(Aa'), y=E*(18), y'=E*(1B)
and use factorizability

xy =E'(Aa)E* (48) = E(Aop)

to get -2 < E(AaB)+(Aap')+E(AaB)-E(AaB') <2

We cannot guarantee same A during an experiment. So we must average over A :
E(a,B) =fA dAp(A)E(AaB) — Assumption that (1) = p(AaB) “ p - independence”
where fA dip(2)=1

Then we have our result: -2 < 5 <2 for local, realistic HV theory

S = E(a/g’)+E(a/3”)+E(a'ﬂ)—E(a’/3”)

Experimental requirements

1. Outcome & Parameter independence of results = Use space-like separation, vary & 5
rapidly, randomly

2. p—independence: p = p () —Same method

3. QM must give a violation

4. Measured quantities must provide good approximations to P, (mn/of3)--

“detection loophole”



