
 

Lectures Entanglement
Quantum Resource Theories QRT

51 Entanglement is useful

Quantum teleportation
17310 B 177 c 103 411

Goal Use operations in labs Shiand to

bring state to Bob's side

1Alice measures in Bell basis 0 7,4 on SA
2Alice sends result r to Bob
3 Bob corrects with Ur on B

What is Ur for ref 4,7
Superdense coding
16 3 classical message me 00,0110,11

Goal Share in with Bob by transferring only
a single qubit

Show that m can be fully recovered
by Bob from 14ms Uma 01 I sap by
Bell basis measurement after Alice transfers
her part of the state Um e I X iY7
Morale Entanglement enables tasks not

possible without It gets used up inthe process
Entanglement is a resource



5 2 Quantum Resource Theories QRTs

Definition
A QRT is a tuple R 0 F where

0 free operations
F free states

Questions e g
Given some g what states can

it be transformed to under 0
asymptotic conversion

Rate r ʰm To
How much resource is contained

in SEF
What tasks does g F enable

Free operations
Free operations postulate FOP golden rule

of QRTs
g R t RED def gef



SIF

F
or

p

r s

Def one way LOCC Onoce
local ops and classical

Instrument I F Once
communication

I Ej j s t

Fj 44m EE 15m with n CPTP

Def LOCC Ocoic

reduce I can be implemented by
successive rounds of 1 LOCC
where coarse g raining an

conditioning on previous measurements
is allowed

Def separable states Fs
For R R Te Ye'm

G Ep p 20 Epi I



create by LOCC
1 sample pi locally
2 broadcast
3 prepare at each site K

Def separable operations Osep
For 2 6 Te 2
CPTP map re Osep Kraus representation

with Ki AM
Eg bipartite 1 g A O Big AtaBit
Note 1 VoceCOSEP

2 Is closed under OSED
KREOSED Efg R b EE

Maximal set of free operations Omax

Def non entangling operations One

One 2 1 6 tfs VEF

OSEP One problem set

One Imax for general QRTs
Def completely resource non generating ops Mmax

Demax R A A KOEA B F Raid EF



Resource monotones measures

idea Quantify resource by non negative
fcf f S Rot

Monotonicity M

f Reg Effs to.co SES
Discriminance D

fly 0 yet f is faithful

weak discriminance WD
f y 0 Keef

De f resource monotone
A fat f s Rf is a resource montone
for QR T R CO F iff it obeys monotonicity

W.tt J
Def resource measure
monotone WD

Desiderata Properties
computability
convexity
f pg 11 p r pffs 1 p f t

g ref O p



additivity
flyer f g f t g ref
weaker variants
sub super additivity

f por f f g fly
extensivity

f son nfls

Examples for QRT of entanglement

Entropy of entanglement pure states only
S tB4AB S trA4AB S trfflogg

Schmidt decomposition 17dB Ijkj lβj

Schmidt rank r

Ed fffdls.ie



Examples of further ORTS
mynotone

O F f

oherence e g strictly inoherent states relative entropy
w.r.t.E.gs insoherent ops Epilixi of loherence

thermality ff.ge inyops
GP0s

zpae BHRenyiafreeenergi

therma ops Tos

g tr USQ2βU
with VHstHB 0

Entanglement LOCC separable states E E
separable ops eg Epj Qβ Rel Entropyoff

For almost all of these multiple'valido
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