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EPR & Bell

e EPR believed in local realism

e [ranslates into a theory with local hidden
variables (LHV)

e Bell showed that such a theory Is
Impossible by bounding the value of a
measurement operator ofi such a theory
and by showing that QM can violate this
bound




Entanglement

e Product state
® D =pp®pg
e Entangled state
e Not a product state

o Multipartite generalization
e [rivial




IHow! te quantify, entanglement
and non-locality.

e Open guestion
e Subject to debate
e Many measures have been to put ferward




Communication
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Communication

e For a Bell state |¢+) = (J00) + |11))/ V2 : 1 bit
IS sufficient In the worst case

= For |¢) = a00) + B|11), where a,p = 1/ V2, O :
2 DIts are necessary in the worst case

® Discrepancy also exist in the expected
communication scenario
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Non-local boxes
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Non-local Boxes

e For a Bell state |¢p+) = (|00) + |[11))/ V2 : 1
NLB Is sufficient in the worst case

= For |¢) = a|00) + B|11), where a,p # 1/ V2, 0 :
2 NILBs are necessary in the worst case




Detection loop-hole
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Detection loop-hole

e For a Bell state |¢+) = (|00) + |11))/ V2 : 25%

= For |¢) = a/00) + B|11), where o,p = 1/ V2, O :
33,3%




VWhite Noise

p ey + (1-p) /4

l
[ |
p 0 1/3 5/12 1/2 1/~2

e p < 1/3: state Is separable

e p < 1/2: can simulate VN on state with LHVS

e p < 95/12: can simulate POVNISs on state with LHVS
o p= 172 simulate with only LHVs

e 5/12 < p < 1/72: what happens exactly?




Bell inegualities

P(A=By) + P(Bi=A+1) + P(A,=B,) +

P(B,=A,) a0 P(A,=B,aM1) @@ P(B,=A,) 2

P(A=B,aM1) @l P(B,=A,201)

e Classically © 2

o Maximally entangled state of two quitrits =
4(2N3+3)/9 > 2

2 Non-maximally entangled: state of two
gutrits = 1+(11/3) > 4(2V3+3)/9




Bell inequalities withoeut prenabilities

e A Belll ineguality without probabllities Is a set
of multipartite measurements on an
entangled state where any local classical
model, which IS to attempt to simulate the
probability: distribution ofi the outputs given
Py gquantum mechanics, will attribute a non
Zeno probability to a measurement outcome
that IS forbidden; by guantum mechanics or
will never produce certain outcomes which
are predicted with a nen zero probability In
guantum mechanics.




Bell inequalities withoeut prenabilities
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Bell inequalities withoeut prenabilities

e \Works for almost any random state except
e Product states
2 Bell states




Kullback-Lelbler distance

e [he average amount of support in favor of
Q against C per tral when the data are
generated by QIS the so-called relative
entropy or Kullback-Leibler divergence

® D(0,C) = ¥, py(2) 109(p,(2)/p:(2))
e Maximally entangled: state of two qutrits :
0.058

2 Non-maximally entangled: state of two
gutrits : 0.077




Entanglement of formation

e Def: How many pairs ofi maximally
entangled states are needed to create the
state we want (LOCC)

e For non-maximally entangled pair of
gubits?

© 1!
e [eleportation!




Pseudo-Telepatay

Entangec State
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PSeudo-telepathy

© So far, the only pseudo-telepathy games
known are on maximally entangled states

é As not been proved that It Is Impossible on
non-maxiamally entangled states

2 As not been proved that non-maximally
entangled states cannot lower the
classicall probability ofi winning




Why: are there anomalies in all
these measures?




Mayhe...

e If | think of seamething




One thing | should tell you

e All these measures are related

e | could give a whole other talk as te how: they.
are related

If you can read french, | can send you my phd
thesis... once It’s finished

e Insights into one willllead to insights in
others




Conclusion

® | don’t know anything!

@ | really would'love to discuss this

@ | think that understanding this would yield
great insights into physics and into the power
of entanglement as a computational resource

@ Iff you want to know what | dowhen | am
Serious... check my website ©!!




