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1A Quantum Information
Science



Information Theory

Information
Source Transmitter Receiver Destination
—>> > —>
Signal Received
Signal
Message Message
Noise
Source

C. Shannon, Bell Syst. Tech. J. 27, 379 (1948)



Classical Information

*x Information measured in bits: 0, 1

*x Encoded in two-level classical systems
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Quantum Information

* Information encoded in qubits

lw>=a |o>+b|1>,a,be C

=0
D=0
@<=



Quantum Information

* Information encoded in entangled qubits

lyw>=a |00>+b|11>,a,be C
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1B Quantum Resources



Quantum Physics

x States: p = > . p; [¢i) (Wil . p > 0, Tr[p] =
1

* Dynamics: A(p) > 0, Tr[A(p)] =1

x a|0)+b|1) — how to define coherence
in p?

*x a|00) +b|11) — how to define correla-
tions in p?



Resource hierarchy in bipartite systems

DISCORD

ENTANGLEMENT

NON-LOCALITY

®
(1) =e=-6-6-(3)

SUPERPOSITION




Resource hierarchy in bipartite systems

DISCORD ———> RMP 84, 1655 (2012)

ENTANGLEMENT =————> RMP 81, 865 (2009)

NON-LOCALITY ——> RMP 86, 419 (2014)

™ RMP 89, 041003 (2017)
/

@) -0-c-6
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2A Resources in bipartite noisy
systems



Quantification

*f(p) =0

xf(p) = 0 <= p doesn’t have the
property

* f(p) is the figure of merit in some pro-
tocol



Quantification

DISCORD ——> PRL 109, 190502(2012)
PRL 110, 240402(2013)

PRL 112, 210401 (2014)
ENTANGLEMENT

NON-LOCALITY
N PRX 6, 041028 (2016)
@ PRL 116, 160407 (2016)
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Detection




Detection

* O(4") measurements to reconstruct p
* f(p) is never linear!
* Witness (O) > 0= f(p) >0

*x Experimental scheme to evaluate (O)
with O(2") measurements



Detection

DISCORD ———> PRL 108, 150403 (2012)
PRL 110, 140501 (2013)

ENTANGLEMENT ~——> PRA 96, 042327 (2017)

NON-LOCALITY

PRL 113, 170401 (2014)

© @@79/@
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2B How difficult is it to prepare
a quantum state?

PRL 122, 010505 (2019), Editors’ Suggestion



Creation of Resources

% 001010) — |101011) is free
* Had [0) = (|0) + [1))/v2 = |+)
« Uenor |+) |0) = (/00) + [11))/v2

* How many gates for p — 77



Problem

*x Task: p— 7,[p, 7] #0
* Quantumness of the process?
* Bound on coherence creation?

* Bound on gates?



x Classical, free processes: [A(p),p] =
0, Vvt

* Split in classical + quantum process
Ap:p— p,[p,p] =0
AL p— 7 = UrpU},

*x C)(7) = maind(T, o), o, p] =0



Best Algorithm

20T N

Best Path, @ Target T

@ Minimum Q
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Quantumness of the process

T
Q-(p) = min / 1deN |2t
N J0

> C%(1)/T



Bound for commuting gates

*T:/\%(ﬁ) — e LHTIOeLHT
H =) .H; H;Hj=

xht = |ht _—h

max mln |

N > (QPT(T))U2 C(7)/T
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2C Future






Questions

* Quantifying k-partite correlations (some re-
sults)

* Detection
* Structure as power

* Manipulation

D. Girolami, C. Susa and T. Tufarelli, PRL 119, 140505
(2017)



Quantum Resources for Control

Agent/Controller

Environment



How do quantum systems think?

Environment

@

System

Controller

o
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How do quantum systems think?

QUANTUM CORRELATIONS
" & %
@ —eo-e~6- @ >

COHERENCE




Causality vs Correlations

* Controllability: Correlations or Cau-
sality?

* Quantifying Controllability

* Classical Systems (robots), Quantum
Systems, Networks



Summary

* Quantum Information Science

* Quantum Resources

* Resources in bipartite noisy devices

* How difficult is it to prepare a quantum state?

* Future: Resources for many-body processes,
control
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