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Theorem 4.2. Consider five unknown unitary operators {Xa,Za;Xp,Zp,Dp}
binary outcomes labeled £1 and assumed to fulfill [M4,Ng| = 0: if

(V|Z4Zp|¥) = (¥|X4Xp|¥) = 1
(U|XAZp|T¥) = (U|ZaXp|¥) = 0
(¥|ZsDp|¥) = (¥|X4Dp|T) = 1/V2

then there exist a local isometry ® = ® 4 ® ®p such that

cp|‘I’>AB|OO>A'B~ = |junk>AB|‘I’+>ArB:v
‘I’MANB|‘I’>AB|OO>A'B' = |junk>AB(am®Un|(I)+>A’B’)'

D. Mayers and A. Yao, Proceedings of the 39th FOCS (IEEE Computer Society, Washington, DC, 1998),
p. 503.
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Maximally entangled state
pure bipartite entangled states

Graph state
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Geometry of the set of quantum correlations
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Limitations that the geometry of the quantum set imposes on the task of self-testing.




Self-testing measurement in
the context of temporal

correlation
Exploiting violation of
Leggett- Garg inequality




Leggett-Garg Inequality (Bell’s iInequality in time)
Realism and non-invasive measurement

Quantum mechanics versus macroscopic realism:
Is the flux there when nobody looks?
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P(ai,bj | Ai,Bj) - P(az I Az)P(bJ | ai,Ai,Bj)

Quantum correlation:

Tr [Pa, (4, Pin| Tt | Po, B

Cij = ) (-1)%®% P(as,b; | As, Bj)

ai,b,-

J

K4 =C11+ Co + Coz — C12 < 2.




Derivation of LGl from operational assumptions

NSIT A Predictability = LGI.

i’redictability : A model is said to be predictable if the
joint statistics P(a;,b; | A;,B;) € {0,1} Va;,b,, A;, B,

NSIT : NSIT is defined by the condition that measurement
statistics is not influenced by the earlier measurements. Math-
ematically, P(b; | B;) = P(b; | A;, B;) VA;, B, b;.

K4 =C11+ Co + Coz — C12 < 2.




LG test under the
Assumption

l
pr—— A > B
l R

Assumption : The measurement device of Alice acts only
on the input state prepared by the experimenter, and the mea-
surement device of Bob acts only on the state produced by
Alice’s measurement, with both returning only the respective

post-measurement states.




Qubit measurements

Aldeal _ 5
. 1 Aizdeal = 0,,
Maximal violation => |di.bj| = V2 pideal _ T2 + 0,
ARG ==
Bideal _ Oz — Uz,
NSIT implies : V2

(_1)'a.1+'b1 Ci‘l.bAlv = (—-1.)0'24'4’1 d\z:bkl = i—l)al-*:bzd\l.b; = (;1)d2+b2d\2.bA2.



Relaxing dimensional restriction

Lemma 2. The maximum violation of LGI (i.e, KJ“* =

2v/2) implies implementation of the block diagonal mea-
surement, i.e., Ay = ®;0L, Ay = @®;0',B, = EBJ-(G?,; +

01)/V2, By = ®;(03 — 03) V2.




® |2m,0) — |2m, 0)
® [2m + 1,0) — |2m, 1)

<I>:’H‘i—>C2®Hd.

Theorem 1. If K" = 2+/2 is observed in LG-
test under Assumption 1, with the measurements of Alice,
A; acting on H, producing the post measurement states

’Pav ; - Pin ’Pl ) .

s LA , and the measurements of Bob B,
Tr[P“i|Aipi7‘Pl_i|Ai] a

acting on these post measurement states, then there exists an

isometry ® : H* — C? ® H? such that

Pai | A; pinpli |A;
Ir [Pai|AipinPli|Ai]

ideal ideal
GIA,: a|Az-

® | B, o

= Bjde! ® | junk) (junk]|

where

éﬁ:?l> are the eigenstates of Alice’s ideal measure-

ments and Bj'-i @eal are Bob’s ideal measurements given by Eq.
(4) respectively, and | junk) is a junk state acting on H°.




Robustness analysis

. ideal
Average fidelity with ideal measurements, S({Pasja; }) = maxy Z F(Pqja, AlPa;a.])/4

i,ai

Lower bound on the smallest possible value of fidelity given a particular amount of violation is
given by minimising over all sets of measurements,

‘F(’C‘l) = minpaimi S({PadAi})'
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Conclusion

Certifying two outcome measurement employing violation of LGI.

No entanglement and no dimensional restriction.

Untrusted measurement devices acts on the input probe state prepared by the trusted
experimenter.

Robustness of the protocol allow for experimental realizability.
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