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(CONVEX) QUANTUM RESOURCES

The set F of free states is

(mixing and forgetting does not create
any resource)

(the limit of a sequence of free states is
a free state)




RESOURCE THEORY OF COHERENCE

F ree states

= |ncoherent states: States diagonal in a chosen
reference basis {|j}}: 6 € F: 6 = X, p;[j){l, or
equivalently § = A(8) with A(p) = X;1/)lp /)]
= E.g.forone qubit, with respect to the computational
basis, the states |0) and [1) and their mixtures
p |0X0] + (1 — p)|1)(1] are (free);
conversely, any equatorial state, i.e. |+) =
(10) + |1)) /v/2, is a maximally coherent state.

>

v Free operations

= (Qperations O unable to create coherence, that
map incoherent states into incoherent states

REVIEWS OF MODERN PHYSICS, VOLUME 89, OCTOBER-DECEMBER 2017

Colloquium: Quantum coherence as a resource



ROBUSTNESS OF A RESOURCE

p+ST
1+s

Rz(p) = min {520| =:O'ET}
T

minimise Tr[pX] — 1

subject to
X=0
TrloX]| <1 Vo €eF

X =1T-W/|[Well)



SUBCHANNEL DISCRIMINATION

Goal of the game: maximise
the probability of success

Psucc (,0, {pk» Ak}: {Mk})
= 2k P Tr[M Ay (p)]
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Robustness of Coherence: An Operational and Observable Measure
of Quantum Coherence
Carmine Na.pcrli,"2 Thomas R. Bri:)mlf:y,2 Marco Ciamcia.rust:),"2 Marco Piani,3
" Nathaniel Johnstllz)n,4 and Gerardo Adesso’
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Editors' Suggestion

Operational Advantage of Quantum Resources in Subchannel Discrimination

Ryuji Takagi,]’* Bartosz Regula,2’3’4‘% Kaifeng Bu,”®* Zi-Wen Liu,”'* and Gerardo Adesso”!

In any convex resource theory, for every p

ma)i Psucc(PAPRARIAME})

My
max
D1 Ar} fna)i maX Psucc(O AP A} AME})
M,




PARAMETER ESTIMATION

v > 1 times

Quantum Cramér-Rao bound: the estimation error satisfies
A6% > (v H)™ 1, where H is the quantum Fisher information

Define metrological advantage: No(p) = Q(p) — max Q(o)
o)




PARAMETER ESTIMATION

PHYSICAL REVIEW X 10, 041012 (2020)

‘Q
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Entanglement between Identical Particles Is a Useful and Consistent Resource

Benjamin Morris®," " Benjamin Yadin®,'*™* Matteo Fadel®,** Tilman Zibold®,’
Philipp Treutlein,’ and Gerardo Adesso®'*

No(p) = Q(p) —max Q (o)

PHYSICAL REVIEW LETTERS 127, 200402 (2021)

Fisher Information Universally Identifies Quantum Resources

Kok Chuan Tan®,” Varun Narasimhachar®, and Bartosz Regula
School of Physical and Mathematical Sciences, Nanvang Technological University, Singapore 637371, Republic of Singapore

Theorem 1. There exists a parameter estimation prob-
lem with quantum channel ®, and measurement M that
satisfies Ng(p) > Oifand only if p & F.




Euerybody
is 8 genius. But if you a judge a
fish by its ability to climb a tree, it
will live its whole Ife believing it is
stupid







Free states: F = U]-T]-




EXAMPLES

Thermodynamics with
thermal baths at
different temperatures
(resource engines)

1)

Quantum coherence in
multiple reference bases
(versatile sensors)




BLIND PHASE ESTIMATION

Only the spectrum of the generator G known a priori
Eigenbasis (non-degenerate) revealed after preparation

Worst-case scenario: minimum quantum Fisher Info Q




INTERFEROMETRIC POWER

Worst-case scenario: minimum quantum Fisher Info Q

P(pyg) = iianQ(pAB ; G,) for abipartite probe p4p
A




INTERFEROMETRIC POWER

A measure of quantum discordant correlations
P(pag) = 0ifandonly if pyp = X piliXila & ;5
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Quantum Discord Determines the Interferometric Power of Quantum States

Davide Girolami,l’2‘8 Alexandre M. Souza,3 Vittorio Giovannetti,ﬂ' Tommaso Tufarelli,5 Jefferson G. Filgueims,'El
Roberto S. Sanhour,3 Diogo O. Soares-Pinto,? Ivan S. Oli'sreirr:t,3 and Gerardo Adesso'



WORST CASE DISCRIMINATION

The minimax advantage w.r.t. each subset F;
amounts to robustness w.r.t. the set 7 = U; F;

) )A ) M
inf max psucc(p {pk k} { k}) — 1+ ir,lij-"j(,D) — 14+ Rg:(p)
J

J DA M} max peyec (0, {pk, Ax ), iMk})
O'E.'Fj




MULTICOPY DISCRIMINATION

Every d-dimensional non-free state w.r.t non-convex set
F = U; F; is useful for d-copy channel discrimination

max Psycc (0%, (P, A}, (M })
{My}

{pr, A} >1 o pé&F

g\l/lazlc)}( Max Psucc (699, {pk, A}, {My})




SUMMARY OUTLOOK

- Convex resource theories

- Every resource is useful for
discrimination or estimation

- Non-convex theories

- Worst case discrimination
advantage = robustness

- Worst case estimation =
Interferometric power
(local coherence = discord)
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