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Abstract
In device-independent quantum information, correlations between local measurement
outcomes observed by spatially separated parties in a Bell test play a fundamental role.
Even though it is long-known that the set of correlations allowed in quantum theory lies
strictly between the Bell-local set and the no-signaling set, many questions concerning
the geometry of the quantum set remain unanswered. Here, we revisit the problem of
when the boundary of the quantum set coincides with the no-signaling set in the simplest
Bell scenario. In particular, we prove that self-testing is possible in nontrivial classes of
these common boundaries beyond the known examples of Hardy-type correlations (1).
We also show that if the qubit strategies leading to an extremal nonlocal correlation are
local-unitarily equivalent, a self-testing statement can be made based on this correlation.
Interestingly, all these self-testing correlations on the no-signaling boundary found are
provably non-exposed. An analogous characterization for the set of quantum correlations
arising from finite-dimensional maximally entangled states is also provided.

Self-testing quantum components from Bell test and
various sets of correlations
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Figure 1: Certain correlations {P(ab|xy)}xyab allow self-testing specific state and
measurements {|ψ⟩, MA

a|x, MB
b|y} up to some local operations. L ⊂ Q ⊂ NS .

Results
Examples for a specific no-signaling face:

• Class 2b: {P(00|00) = P(11|10) = 0}
• |ψ⟩ = 1√

2
(cosα|01⟩+ |10⟩ − sinα|11⟩);

A0 = σz, B0 = −σz, A1 = cos2α σz − sin2α σx, B1 = cos2β σz − sin2β σx.
α = π/6, β = π/4.
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Robustness of self-testing:

• SCHSH = ∑a,b,x,y(−1)xy⊕x⊕yP(ab|xy).

• ρswap = TrAB[Φ(ρAB ⊗ |00⟩⟨00|)Φ†]; F = ⟨|ψ|ρswap|ψ⟩ (3).

Figure 2: In the 1st figure of the above panel, different sets of correlations are shown
on a projection on a particular face. Right top figure shows robustness of self-testing
state while bottom two figures show that of Alice and Bob’s measurement.

Figure 3: Summary of our results are given in the table. NS boundaries are speci-
fied by the number of zeros in the correlation. Examples of quantum correlations on
NS are found and also maximal value of constrained Bell-CHSH inequality obtained
together with the entropy of entanglement of the underlying state. All the extreme
quantum points on NS boundaries are non-exposed. For details of the above dis-
cussions about motivations and results see (6).
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