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Abstract: <p><span style="font-size:10.5pt;font-family:& quot;Aria & quot;,sans-serif;

mso-fareast-font-family:& quot; Times New Roman& quot;;mso-ansi-language: EN-CA ;mso-fareast-language:
EN-CA;mso-bidi-language:AR-SA">Device-independent self-testing allows user to identify the measured quantum states and the measurements
made in adevice using the observed statistics. Such verification scheme only requires assuming the validity of quantum theory and no-signalling. As
such, no assumptions are required about the inner-workings of the device. Hence, self-testing allows laymen to test the serviceability of a quantum
device without needing its blueprint. This talk will be primarily focused on the self-testing of bipartite entangled pure states [<i>Nat.
Comms.&nbsp;<b>8</b>, 15485 (2017)</i>]. Also, | will be touching on the recent study of the geometry of the quantum set [<i>In
preparation</i>].</span></p>
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Centie o

oonun Testing a Device @ NUS

Components that Components that
experts understands... consumers understands...
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Components that Components that
experts understands... consumers understands...
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G . Main Objective 95 NUS

of singapore

Uh-oh! 1

/

Y
We want to have a scheme that
tests devices without assumptions
on the underlying mechanism of

/ the device.
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T ‘_-—-\--___L___ -

Alice <:7 No-signaling ﬁl> Bob
_-""-\“_____ >
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UL"’ DeVICG-lndependent " “H,PS

e ST,

Tf/’, meas >
}j’

S = (AgBy) + (AgBy) + (A1 By) — (A1 B1) <, 2 (CHSH inequality)

G =

Entanglement Certificate As sumptions -

5 > 2 1. No-signalling
2. Validity of Quantum Theory

- \ —
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i . CIA N
a | e Self-teStlng W ”H}JS‘

Informal definition:

Given an observed statistics, the measured quantum states and measured can
be uniquely determined.

¢ ,> T TTY
i | 1= 11}
' Quantum State and Measurements

Quantum devices
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If Pr(a.b|z,y) = (|12 QII} |4)

U=Up®Upg

Then, (| UTU (T2 @ IY)UTU |¢)
(Y| ® Junk| (II¥ @ ITY ® 1) |¢) ® |junk)
Pr(a, blx,y)

Thus, at best Pr(a, bz, y) E ) 112 117
up to local isometry.
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Definition:

Given an observed statistics, there exists a local isometry ¢ such that

i . CIA N
U | IRERnSNORY Self-teStlng W “H}JS

(I)(|’¢’meas>) — W’> & |jllIlk>

;

Quantum devices

\
Q’Q
C‘@& /

i | L/}> Ha Hb
Quantum State and Measurements

up to local isometry.

/_,j Pr(a,b|x,y)
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Example of Self-testing: CANUS

" Simplified Mayers-Yao %

[Mayers,Yao’'04]

What we observe:

<‘40B()> =1
<4A(]Bl> =0
1

Device manufacturer’s promise:

AoBsy) = —
< 0 2) \/Q
g, T 0

\ (A1Boy) =
\t N ’00>\}"§’11> . (A1B;) =1
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Example of Self-testing: e &

“ Simplified Mayers-Yao %

[Mayers,Yao’'04]
What we observe: Ao |Ymeas) = Bo |¥meas)
<‘4()B(]> =1 Al ’I-IZ’JI.‘II(!E-I,:'S) =B 1 ’T!‘"Incz-],s>
(AU Bl) = Ap Ay "’iﬂr’nm;m> = _14114() |’l/-"mm.~,~>
] BoB1 |Ymeas) = —B1 By [¥meas)

(AoB3) = —=

<

0)— H

H —e—

<;41 B(]> =0 |"‘#/-Jnu,‘m-;> < ‘41
<A]Bl> =1 B[] Bl

0)— [ —s H} s

o

(A1B2) =

S-

00) + (11
(T)("'I/'Jlmrnﬁ) — ’ > | >
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The CHSH inequality [Tsirelson’'87][Popescu,Rohrlich’92]:
(AgBg) + (AgB1) + (A1By) — (A1By) = 2v2

00) + |11)
V2

) =

The “Tilted” CHSH inequality [ Yang,Navascues’l3] [Bamps, Pironio’15]:

8} </1()> -+ <¢"’1(}.B(]> -+ <.«"’1(]B1> -+ <A_IB(]> = <x"llBl> = V8 + 2002
9

i

V1 + 2tan? (20)

) = cos6|00) + sinf [11) =

Pirsa: 17100054 Page 15/29



cane o A]] Pure Bipartite Entangled

Quantum

"~ States can be Self-tested % -

Joint work with: Andrea Coladangelo (Caltech, USA)
Valerio Scarani (CQT, Singapore)

d—1

For every ’t/)) = Z C; ’1> 0 ’?) (target state)
i=0

€ (0,1) Zcf =1

There exists set of measurements (3 on Alice, 4 on Bob) such that
the statistics produced self-tests the state and measurements.
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e A]] Pure Bipartite Entangled NUS
" State S Caln be Se].f-teSted W chsnpore

Our Approach:
0) + ¢ [11) +¢2|22) +¢3133) + -+ cqrr |d+1,d+ 1)

& > 3 < >

Treat these 2-level pairs as “qubits”

Assuming Alice’s first measurement is in computational basis, notice that:

. _ ([0 €0] + 1) (1]) [¥) ¢ |00 + ¢4 |11)
Yiros) = —t _ 000
& -+ ]

V(%[ (10} 0] + [1) (1]) [+)

Hence, there exists measurements to self-test ’T/-’]-)I-Uj> using the “tilted-CHSH”

o (Ao) + (AoBo) + (AgB1) + (A1Bo) — (A1 B1) = /8 + 202

We can also do the same for other 2-level pairs, and that defines the first 2
measurements for Alice and Bob.
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m- |f_,‘;,'_‘f{j;’uj;j' All Pure Bipartite Entangled
- States can be Self-tested

This method of projecting the measured state, allows us to test ratio between each
Schmidt coefficients.

In order to identify a state uniquely, we need all the ratios of Schmidt coefficients of

the state.

f(.|nu)—}— |11 +/£|~h ’:{|u—|~@1 + - +Q3\)+Q1\

7 V.

——

This defines the 3'¢ measurement of Alice and 3@ and 4" measurements of Bob.
(“Tilted-CHSH” requires Alice’s first measurement to be in computational basis)

Putting everything together in a local isometry concludes the proof.

— o, e
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Part II: The Geometry of the Quantum Set

Joint work with: Jed Kaniewski (QMATH, Denmark -> Warsaw, Poland)
Elie Wolfe (Perimeter Institute, Canada)

Tamas Vertesi (ATOMKI, Hungary)
Yeong-Cherng Liang (National Cheng-Kung University, Taiwan)

Xingyao Wu (Maryland, USA)
Yu Cai and Valerio Scarani (CQT, Singapore)
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" Facts about [ ____,f_ﬁ\< /\/’/ \f’/ \

Quantum Set rd

Does the famous figure give a complete
1. Convex Picture of the quantum set?

2. LCQCANS = What do know about the quantum set?

How does the quantum set looks like in other

6)_ slices?
/{& \ / v 4
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Convex Set

Point in a
convex set

A 4 v
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D
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“Flatness” can be proven by choosing appropriate Bell inequalities.

Quantum maximum = Local maximum implies flatness

4
G 1
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4 2
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In the space of correlators, the quantum set is characterised by the
Tsirelson-Landau-Masanes criterion.

Here, the “non-exposedness” can be proven geometrically analytically.
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a |:]:r:r'llrl:“:::“" Special Case St'LIdYZ e & N US
The Hardy Paradox = %=

If we have:

Prla=—-,b=+z=0,y=1)=0 z y

Prla=+,b=—-|z=1,y=0)=0 ﬁ

]:)‘:‘“.,[):—:Al‘:] :0 - =
ra = —, lz=1y=1) ) ,

Local Realism demands:

Pr(a = — b= —|le=0,y=0)=0

v )\/af"ﬂ
'1'
"l

But, Quantum Theory predicts: —
| | 5 \ﬁ 11 ALL or NOTHING
Prla=—-,b=—-|2=0,y=0) < ——— = R
— — ; .
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Journal of Physics A: Mathematical and Theoretical
The proposed Bell
siiie inequality for .Hardy’s
A unified view on Hardy's paradox and the Clauser- ll?ar_‘"‘d‘f”‘_‘ rqu‘ﬁres tgl_“?‘g
; . ; 1mit of its Bell coefficient

Horne-Shimony-Holt inequality e

, to infinity. -
L Manéinska® and § Wehnerl? j\/ /
Published 8 October 2014 « ® 2014 |0P Publishing Ltd Y \
Journal of Physics A; Mathematical and Theoretical, Volume 47, Number 42 < WHY?! <

- —
/-
V<

Let's Investigate!

Maximal Hardy Paradox Self-tests!

[Rabelo,Law,Scarani’12] There is only one point which
Pyt [pg) = 20— 1 maximises Hardy’s Paradox!
_ | =

=

, 3B N \ . : ; 5
Lﬁ’ﬁl"" > 10) Vg om0y + VB - 211 We call this point: Hardy point MHardy

/ S 3 § /e 5
."'l“ = l)'[) = (\Fl = .;::_)(.T: + 2V vDH -2 g,

i We know PhHardy is extremal.
r1| = ]3| = T

4
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" The Hardy Paradox %%
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AgBo) + (AsBy )+ (A1 By) - (A By)

The Hardy Point || There is NO Bell inequality that

1s maximally violated by the

1s NOT Exposed! Hardy point.
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1. One can test quantum devices without knowing its underlying mechanism via
self-testing.

2. In particular, all pure bipartite entangled states can be self-tested.

3. The geometry of the quantum set is richer than previously known.

Outlook

1. Can all pure quantum states be self-tested?

2. Can the self-testing measurements we proposed be implemented
experimentally?

3. What are the unknown geometrical properties of the quantum set in multi-
partite cases?
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Thank You!
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