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General states

Infinite number of measurements:

(i) All qubit projective measurements: η ≤ 1
2

R. Werner, Phys. Rev. A 40, 4277–4281 (1989)

(ii) All qubit general POVMs: η ≤ 5
12

J. Barrett, Phys. Rev. A 65, 042302 (2002)
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Infinite number of measurements:

(i) D. Cavalcanti, L. Guerini, R. Rabelo, and P. Skrzypczyk
“General Method for Constructing Local Hidden Variable Models for Entangled Quantum
States”
Phys. Rev. Lett. 117, 190401 (2016)

(ii) F. Hirsch, M. T. Quintino, T. Vértesi, M. F. Pusey, and N. Brunner
“Algorithmic Construction of Local Hidden Variable Models for Entangled Quantum
States”
Phys. Rev. Lett. 117, 190402 (2016)
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η∗(ρAB, N, k)

Search algorithm
See-saw algorithm

(upper bounds)

Outer polytope approximation of convex sets
(lower bounds)
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See-saw algorithm
(upper bounds)

(i) T. Moroder, O. Gittsovich, M. Huber, and O. Gühne
“Steering Bound Entangled States: A Counterexample to the Stronger Peres Conjecture”
Phys. Rev. Lett. 113, 050404 (2014)

(ii) D. Cavalcanti and P. Skrzypczyk
“Quantum steering: a review with focus on semidefinite programming”
Rep. Prog. Phys. 80, 024001 (2017)

Outer polytope approximation of convex sets
(lower bounds)

(i) M. Oszmaniec, L. Guerini, P. Wittek, and A. Acı́n
“Simulating positive-operator-valued measures with projective measurements”
Phys. Rev. Lett. 119, 190501 (2017)
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Polytope approximation
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Planar projective qubit measurements

Simple case: planar projective qubit measurements.
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Planar projective qubit measurements
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Results Planar projective qubit measurements

Planar projective qubit measurements

Optimal measurement set seems to be equally spaced.

N = 2 N = 3

N = 4 N = 5



Results General projective qubit measurements

General projective qubit measurements

The distribution of equally spaced points on a sphere is not trivial
- specially for small N.
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General projective qubit measurements

N = 2 N = 3

N = 4 N = 5 N = 6



Results Symmetric qubit POVMs

General qubit POVMs

What about POVMs with more outcomes?
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Symmetric qubit POVMs
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Results General qubit POVMs

General qubit POVMs

What about general POVMs?
(no restrictions on the structure)



Results General qubit POVMs

General qubit POVMs

2 3 4 5 6 7 8 9 10 11 12 13

N

0.5

0.55

0.6

0.65

0.7

0.75

0.8 UB - plan. proj.
LB - plan. proj.
UB - gen. proj.
LB - gen. proj.
UB - star
UB - tetra



Results General qubit POVMs

General qubit POVMs

Projective measurements seem to be optimal for steering
the two-qubit Werner states.



Results Higher dimension states

Isotropic states

N = 2

m d = 2 3 4 5 6

2 0.7071 0.7000 0.6901 0.6812 0.6736

3 0.7071 0.6794 0.6722 0.6621 0.6527

4 0.6794 0.6665 0.6544 0.6448

5 0.6665 0.6483 0.6429

6 0.6483 0.6390

7 0.6390

All outputed measurements are projective.



Results Higher dimension states

Isotropic states

In higher dimension, non-projective POVMs
also do not seem to be relevant for steering the isotropic states.



Results MUBs

Mutually unbiased measurements

A set of mutually unbiased basis (MUBs) is a set of 2 or more orthonormal
basis {|ik〉}i in a d-dimensional Hilbert space that satisfy

| 〈ik|jl〉 |2 =
1
d

, ∀ i, j ∈ {1, . . . , d}, k 6= l, (1)

for all basis k, l.



Results MUBs

Mutually unbiased measurements

MUBs
N d = 2 3 4 5 6
2 0.7071 0.6830 0.6667 0.6545 0.6449
3 0.5774 0.5686 0.5469 0.5393 0.5204
4 0.4818 0.5000 0.4615
5 0.4309 0.4179
6 0.3863

General d-outcome POVMs
N d = 2 3 4 5 6
2 0.7071 0.6794 0.6665 0.6483 0.6395
3 0.5774 0.5572 0.5412 0.5266 0.5139
4 0.4818 0.4797 0.4615
5 0.4309 –
6 –



Results MUBs

Isotropic states

Mutually unbiased measurements also
do not seem to be the most interesting measurements

for steering in d > 2.



Conclusions



Results MUBs

Conclusions

(i) General methods for certifying steering and joint measurability under
restrictive scenarios.

(ii) Candidates for the most incompatible sets of qubit measurements.

(iii) Evidence that projective measurements are optimal for steering.

JB, M. T. Quintino, L. Guerini, T. O. Maciel, D. Cavalcanti, and M. Terra Cunha
“Most incompatible measurements for robust steering tests”

Phys. Rev. A 96, 022110 (2017)

arXiv:1704.02994 [quant-ph]

https://github.com/jessicabavaresco/most-incompatible-measurements
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Thank you!
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