
 

ResourceTheoryofEntanglement

What is aproperty
Hermitian observable y what about twine orphase

Something detectable via a POUM 2 whatabout more illusive
properties like

entanglement coherence

Resource theory Gamianity
Non classicality

define aproperty by what it is not

Define gree operations freestates are those that can be
generatedbyfreeoperations
resource states are those thatcannot

They allow one toperform
begeneratedby freeoperations

operations which were

otherwise impossible

Can then ask questions about Interconversion

Quantification

Quantum ResourceTheory
A quantum resource theory is definedby a setoffree
operations I which is closed under composition
and contains the tracing out operation Pao Trotpad
The subsetof free preparations Fstates E F are called FreeStates

The set of states R F ND that are not free are called
resource dates

I



D pea trip
A resource state allows us p p 03
to enlarge the set ofpossibletransformations say bondedlinen

operators tht are the

If s normalised

Simulation via resources

We can simulate E F using a state 0 if there
is a free operation E e F such that

Trl E p o o Ecp V p

Resource theories induce apartialordering determined

by which states can be converted to which other

States using gree operations via free

e
If pants p
we write Pak Po

P
per

Note y pa Spo s Po Lpc Pa Lpc
transitivity

But the ordering isonly partial as we do not require anytwo states can be related via Y



Resource Measure

A function M D R is called a resource if
Mlp 7 M Elp V EEF S P

T ee Free operationstronlydecrease
the measure oftheresource

Resource TheoryofEntanglement
What cannot create entanglement

Local operations ie Alice applyingquantumgates to hersetup
s Bos applyingquantumgates tohissetup

LO EL Ea o Es

Classicalcommunication ie between Alice s Bob

Classical information is information that is diagonal in the
computational basis

Communication involves a relabellingof who owns it

eg Pa O 1k ul AO 08 7 Pa 0 162kt o O

Or more generally it's the setofmaps oftheform

CC Ca X En Inscho nix in a

Whims methinks
hidingon the outcomeofAlice's measurement

ie Pao s Ei Mi Ui Pao Mito Uit

ex show this can be done via a channelof theform
hint controlled unitariest



take these as the freeoperations for the nee our theory
ofentanglement

Definition LOL The resource theoryof entanglement
The class LOCC consists of local operations s classical
communications is generatedby finite combinations ofoperations
in LO s 2C
The resource theorywith F Loc is the resource theoryof

entanglement

Thefreestatesofthe resource theory of entanglement
ie those that can be generatedby Locc are states of
the form

Pao u Pu Gam to ogle

This is the set of sepemble states Dsep

The resource states are then defined to be all non seperable

quantumstates ie the entangledstates

could ask this questionmore generally

formixedstates but it's much harderInterconvertibility ofResources

when is it possible to transform 17 5107
deterministically usingonly Loc



Example I 0ft s t 100341113 7 107 s cos107100 t smalls

Yee

Anger Yes

Step I Alice performs a measurement

A s since Az and
ago

Ma AtA A É krausoperators

Poumelements

Step If 2 Alice applies Bitflip

step Alice tells Bob the outcome S conditional on the
measurement outcome Bob does nothing Yt
or applies a bitflip j z

10x I lost 1007 t 0115
Ya Sica 100 t cos o i o

Y ta o to

É silo 1567 t cos o 100

But what about 10 7 I 10 Ao

t any 2 quit state
Actuallyadditionalcomplexitycan
be handledby localoperationsthat geste phases

But what about 10 as 10 no harder Notpossible

or 10 Ao s in no 2
in general



LOCI defies apartial order on the set of pure
Bipartite quantum states

ie
given an initial entangled quantum state we can
only reach certain other entangledstates via Loc

Majorization Theory

An ordering relationship between two vectors s y

let 8,1 g with elements reordered in decreasingorder
sit sit et

is majorised by g ie I try if
It s EYy's for all ks t N

2 It s fi y

eg s s 3 3

5 6,23 4 Fbi 6

chef S t O O

Egghead
d s k 2 I P doesn'tobey

E 42,112 O

s 5213 s sse est ga b
1
2 I
2
3 81 516 E incompatible wit b b C

5 2 21354 g a e e t s



Moregenerally Yn To N p t it 0

for all probability distributions p

Problemsheet will explore more properties

Nielsen's Majorization Theorem

Let 107 Ha 014

Define XO eigenvalues gpa Tro 10h01am

then 107 IN as

if XO xx

Proof in NSC

In otherwords the partial order induced by 20C on

the set of pure bipartite states coincides with the

partial order from majorization theory for the marginal
spectra 7101

The maximally untangled state

12 ao s Ea EI Iii Ao

imagined by all other states s hence I 27 0 107

as Xlr ta d for any 10
s x or 2 210 to



Asymptotic Conversion rates

Gwen N a copies of any
state 10 Ao there

exists a reversible interconversion

10 010N q
I x xx 10SKIN

Trollope

proof 1070N with
Schmidtdecomp bedealtwithvia

assume s msn.us
oymiiIgmem

10 70 s 15 X 10 07,0 10 0 o

I X T 2k 180 07,1301078 t 10 t 034
t

107 s It is ath 101115,10007719 I'd 000
a
Cu terms in the sum spanning a

k charge subspace

Protocolfor distilling Stp N singlets with probability pot
as N g s

1 Local measurement at A

XA counts the numberof t's in the charge

A lie in in k lie in



107 444171 50.0701 1130do
with probability Pu

a pay
k
at

orientation

for laze
N the binomialdestruction tends to the

Gaussian distribution and is sharplypeaked at

K IN I FaxIid

mosses instant

IK AN

q
101
4

000738191 t 000

ie a uniformsuperposition over the IN subspace

2 ClassicalCommunication

Alice tells Gob she got the s IN outcome

Local Unitaries
As O now both know they share as AN

Via the Stirling approx log Can Nfaloga
c a logex

N
Can 2510a N



ie the state Is AN is a superposition of 2510N

orthogonalproduct
vectors

We can transform this state into 510A N maximally

entangled gusts via thefollowing local unitary applied
to A s 8 independently

I 16 I 05 0 1000 I 0 10 0is si
cog Incan qubits qubits
t label the CAN
states

laws

fan
ii É junk

10 30
A n

o

Yesjust run theprotocolWhataboutthe reverseprotocol backwards

Can we dilute SCOAN singlets into N copiesof 10877
Yes via deportation
6 Local Operations Alicecreates Ncopiesof 10 a a locally

4
compress the state on a gun a nap guns
Teleport these using n stop singletstates lol

y my gyp p mmmm guy y



Measureof Entanglement E

Requirementsfor E

An 20C monotone

ie j 10 I 105 I E 10 S E 102

Take the singlet man entangledqubit as on gold standard

ie E 17 I Normalization

00 Extensivity EC 1050 k 1107

There is a unique normalized measure of pure
bipartite entanglement that satisfies monotonicity
and extensively the von Neumann entropy

Proof 1050N lysonston

from monotonicity E 1050N s E Houston

E it 8J s EL1050N

E go on EL Ms Onsen

Extensivity I N EL 105 NScola E X
z Goffuderd

EL 10 SCOA


