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finition of self-testing

*Here: DI self-testing of quantum devices:
learn about the state, the measurements
—"Blind tomography”

—"Black-box characterization of a device”

Different from other DI tasks, which give
bounds for specific parameters

—QKD: length of a secret key

—Randomness: min-entropy

—Entanglement: negativity
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the shoulders of giants

1992 Popescu & Rohrlich
CHSH = 2v2 = singlet, X&Z

In fact, the mathematical result can
be read from a 1987 work of
Summers and Werner... if you can
read algebraic field theory ©

1998 Mayers & Yao O
Other stats =» singlet, X&Z

*First to use “self-testing”

*Motivated by what later was called
“device-independent QKD”; ended up
proving more but less directly useful.
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|deal self-testing

Some extremal points of the set of correlations
achievable with quantum physics can be obtained only
from one state and the suitable measurements...

CHSH = 2v2 Mayers-Yao
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... up to local isometries
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etry: pedestrian example
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S self-testing “useful™?

*Not for QKD, randomness & similar
—If there is one figure of merit, optimize it directly!

*To test "not-too-big” devices
—Blind tomography (e.g. stabilizer states)
—Alleged 1000-qubit quantum computers

*As theoretical primitive

—Interactive provers:
*Reichardt-Unger-Vazirani, McKague, Fitzsimons
—Randomness expansion & amplification
*Coudron-Yuen, Miller-Shi
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at we can certify today

States

—All two-qubit pure entangled states [Bamps, Pironio PRA
2015]

—CGLMP3: two-qutrit non-max entangled state [Yang et al.
PRL 2014]

—Multipartite:
All graph states [McKague TQC11]

*Some three-qubit non-graph states [\Wu et al, Pal et al,
PRA 2014]

—Many singlets [Reichardt et al, Nature 2013; McKague
arXiv 2015]

Measurements
—All of the above come with suitable measurements
—Entangling measurements (e.g. Bell basis)
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onstruct the isometry

0) 4 U ({112 ))

a _A//
|\IJ>AB< PA' B’
0) Uy

Fidelity with the target state _ < <
(e.g. singlet) = <(I) ‘p‘(I) >

Intuition: swap out the state you want to self-test
sImportant: you don’t need to implement this in the lab
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al self-testing: robustness
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TWO RECE

*All the s
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self-testing for (2,2;2,2)

. Wu and V. Scarani, arxiv:1511.04886(2015)

|UU)+1}1)
Eoo = (A(]Bo) = COS o

| CHSHElo = (A1By) = cos ay

= (AgB;) = cos ay;
{Ail & TA401§£)_'A‘C%1S i)’

g
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Can we self-test a sing
state with these statistics .

Yes

If and only if:
arcsin Eyg + arcsin E;y + arcsin E;; —arcsinEy{| =7
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elf-testing for (2,2;2,2)

u and V. Scarani, arxiv:1511.04886(2015)

Condition:

Qoo + X109 + X117 = Apq

#(a;j=0)<1

lago — @10l < 6 < ago + @49
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elf-testing for (2,2;2,2)

u and V. Scarani, arxiv:1511.04886(2015)

By |W) = sin(a@gg) A1|W) + sin(ayq) Ag|V)
v sin(agg + @19)
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_(sin(agp) A1|¥) + sin(ay) AolY) ’
(Bol¥))* = ( sin(@gg + @1p) )

_ (sin(ayy) By |¥) + sin(ayo) Bol¥))
(4 |¥)* = ( sin(ay1 + @19) )

) { (A14¢ + AgAy)|Y) = 2 cos(agg + a10) |'V) }
(B1Bo + BoBy)|¥) = 2 cos(ay + a10) |¥)
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elf-testing for (2,2;2,2)

u and V. Scarani, arxiv:1511.04886(2015)
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-Singlet still can be self-tested without one ) 1 .
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el self-testing of two singlets

)ancal, M. McKague and V. Scarani, arxiv:1511.04886(2015)
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H(p (ar, bI-IWé%lg )mt e%?é%de the possibi{fty of
Boby, the interference between the two

subsystems.
*\WWe do not assume sequential
measurements. (RUV 2013)
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self-testing of two singlets

al, M. McKague and V. Scarani, arxiv:1511.04886(2015)

*Criterion:

1.The criterion with double violations of CHSH (or the correlation from
ideal singlets /w ideal optimal measurements)

X
W) = (cosgld)*) + sing I‘P‘)) i
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from the box. (Unitary)
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self-testing of two singlets

|, M. McKague and V. Scarani, arxiv:1511.04886(2015)

*Swap: A proper construction of swap based on the measurements
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If-testing of two singlets

= McKague and V. Scarani, arxiv:1511.04886(2015)

*Bounding the fidelity with NPA hierarchy
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Summary

Self-testing = “the signature of a quantum
state” (and measurements)

*Device independent

*Recent:
—All the self-testing of singlet
—Parallel self-testing of two singlets

*Open questions:
—More self-testing ?

—Use it to certify experiments.
— MANY! Just ask me if you are interested ©
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Summary

Thank yout!
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