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Abstract: The prepare-and-measure scenario is ubiquitous in physics. However, beyond the paradigmatic example of dense coding, there is little
known about the correlations p(bfx,y) that can be generated between a sender with input x and a receiver with input y and outcome b. Contrasting
dense coding, we show that the most powerful protocols based on& nbsp;qubit communication require high-dimensional entanglement. This
motivates us to systematically characterise the sets of correlations achievable with classical and quantum communication, respectively, assisted by a
potentially unbounded amount of entanglement. We obtain two different SDP hierarchies for both the classical and quantum case: one based on
NPA and one based on informationally-restricted correlations. In the talk, 1 will discuss the advantages and drawbacks of each, and show that they
can be used obtain tight or nearly-tight bounds on in several & nbsp;concrete case studies. As examples of applications, these new tools are used
to& nbsp;construct device-independent dimension witnesses robust to unbounded shared entanglement and several resource inequalities for quantum
communications.
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The PM scenario

Applications

RNG & QKD

Self-testing & Certification
Communication complexity
Random Access Coding

Contextuality

Frameworks
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Dimension
Distrust
Energy
Information

Obliviousness
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[ Dense coding: qubit + singlet — 2 bits ]

Some previous research

* EA channel capacities

* EA communication
complexity
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Quantum communication:
&5 = (32 @ IB) [|paB){PaBl]

p(blx,y) = tr (1&g My )

DOF: $, ¢, M

Classical communication:

Sl = Sy tr (o Maia) e

T d N ol G T
'cB Z(:l le)(c| & Jﬁ\/ Post-measurement states

1)(()|J'. l/) = {r (T(i"}_} ~\-[Z>|y)

DOF: M4, ¢, MB
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x € {00,01,10,11,5} y € [3]

Beyond dense coding
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Task

* Answerb = x,, wheny € {1,2}

» Perfectly distinguish x = 5 wheny = 3
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|  Densecoding = ®eC?®(? ®eCt®Ct
Pwin (%) <875 <90.4 g7
A; ||| Unitaries are
i | combinations of
As s Bob X,Y,Z and CNOTs

How can we bound p(b|x, y) classical and quantum d-dimensional
communication assisted by UIi_bounded entanglement?
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Classical communication: d

TGB = D ey lc){c|®TE"
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Post-measurement states

[ K
El ts of an NPA matri
Sketch for quantum SHCNLS Bt ah matrix

communication:
d—1 d—1
rAC A o | o o ;

UAC = 3 U4, 8 i)kle, pblz,y) = 3 (DIUL Uik ® Mypyel9)
J,k=0 B F,k=0
d—1 J * Relax to commutation between (U, U") and M

r 1 BC B o l:\/L

Myjy” = Z Myjy;50 ® |7)(kle
j:k=0 t- + unitarity, projectivity and completeness
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Information quantity

I'= Hmin(X) - Hmin(XlB)
= —logmaxp(x) + log F,

X1

= maxmz p(b =x)

Main observation

Quantum (classical) EA d-
dimensional communication can
transmit at mogt 2 log d (log d) bits

AT et al, arXiv: 2007.16145
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Relaxation to
informationally
restricted scenario

I < (2)log d bits

SDP relaxation of b
informationally
restricted correlations

Efficient
computation!

Pirsa: 21030033 Page 9/16



Pirsa: 21030033

NPA versus Information

NPA-based

Single relaxation

Converging

(up to tensor vs commutation)

SDP size scales rapidly in the
classical case

#toperators= d(|X| + |B||Y|)

SDP size scales even faster in the
quantum case

#operators= 2|X|d + |B||Y|d?
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Information-based

Double relaxation

Not converging

(counterexample known)

SDP size scales reasonably in the
classical case

#operators= |X| + |B||Y|

Unchanged
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Case studies

* How does the NPA and the Information
approach compare in practice?

* Device-independent dimension withesses

* Resource inequalities
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Flagged game
x € [5] y €13] Wirac = i i ".ruE-ru

&=1 g=1

1 1 3

b € [2] 1 -1 B
c=]1-1 1 3

-1 -1 #

0 0 —pH

Quantum, with entanglement:

Information-based

) Ent-Q2
Wrae < 38.8284

Tight!
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Gallego et al

x € [5] y € [4]
1 1 1 1
1 1 1 =1
Alice Bob e=11 3 =1 0
1 -1 0 0
-1 0 0 0
b € 2]

Cc2

C3 :
Classical, without entanglement: W5 < 8 < 10 < 12 < 14

Q2 Q3 Q4 5
Quantum, without entanglement: W5 < 8828 < 11.527 < 13.036 < 14

. . _ Ent-C2 . Ent-C3 o Ent-C4 e
Classical, with entanglement: W5 < 0.034"™ < 11.563™° < 13.095™"

Ent-Q2
Quantum, with entanglement: W5 < %1:3.09:3
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Resource inequalities

log d information bits of QC > EA dits

2 log d information bits of QC > EA qudits

EA bits > qubits [binary outcomes]

EA trits 3» qutrits [ternary outcomes]
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Conclusions

0-Armin-Tavakoli

* Systematic study of PM scenarios with
entanglement.

My three favourite open problems/future directions

1. Is there a sufficient entanglement dimension? Or does there exist
gubit correlations that require infinite entanglement dimension?

2. Can one find simple analytical families of dimension witnesses
robust to unbounded entanglement?

3. How does entanglement influence quantum communications
based on other assumptions than dimension?
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Thank you!

Pirsa: 21030033 Page 16/16



