
























































































Applicousofentanglement
Teleportation and dense coding

aTeleportation

Setup

lots1 7
ammo

At A B

A B share entangledstate 1457s
1007MtMa

A has unknore quantum state

1 1 a of b 17A

Could eg also bepart of a larger system linearity

A B cannot reliably transient quantum
states but can communicate classically forfree

Ifthe like is unreliable ARDcan stilluse it to create entangled
states lots

eg byrepeat
until success or entanglement distillation later

or using quantum
repeaters Cater

Queen can A get 1 7 safely to B



Problem Any measurement of
X would only

reveal partial information yet destroy
state

Soda 2psec

Teleportatinprotocf

Aperforms measurement on A't n Bellbase

1ft 1007 1113

157 1005 1117 2 1 4 7 IE of

14 7 101 1107 XI ft I_X 1ft

14 7 101 1107 EX I pts 1 2 4

We also write the four Bell states as

Hap EXP I lots I E lot

413 0,1



Outcome probabilities for meas outcome

fa tr.LI X so IIA state of A

Pap stop KXXIA IIa tap

It XXXIA Ia Hapxtapt

that In.tn

f fH

It IXXXIAI IIa

eyeprobabbly pay for all outcomes

This isged if pay would depend
on 1 2

it would reveal information on X and

thus perturb the state



What is the state of B after the measurement

40 3 6

A I B

anomalised If post areas state 1 7

I
190 4 Aa 1 7 1 10th

f
t attend

alo 611 1

RathappeasatB
works with 25 probability

ii What about the other
outcomes

At Aalto is



First consider at 187ps
hearted

gray above

Has a lap I Ia Z 14 7

laa ZiXaβ Irs 14 2

As IA Z 14th

XPZ.sc laia14t7ars

Now combine with derivation in part i

18ps taplaia IX 147m

XPZ Kotla 1 71 147ns

IX
XβZ 1 7



After A's measurement B obtains Qp
βZα

with probability each

average stateof B without knowing was

result is EXPE XXX EXP I

Ie Bob has no information about 27

in fact same state as without meas

A communicates meas outcome TA to B and

B applies E to their state

Bob obtains

1 47 tap BE ᵗ
xPzYx E

Bob obtains 1 7 with probability 1

State 1 7 has been teleported
to B

Notes No faster than light communication

avg state of
B is I prior to

receiving 6,8 whichhasfinite transen speed



Communicating
1qubit requires 1 e bit

a wax entangled state 14 7 of 1 1gust

2 bits of classical communication
c bib

1ft
Sportatin potency

Reame A A m 14ps sans
this

Communicate xp from A to B

Apply βz
ᵗ
on B

Can be straightforwardly generalised
to ed

One application of teleportation

QuantumRepeates

We can reliably create entanglement over

distance l can we create entanglement

over distance 21

Eg Photon loss at const rate prob to

send half of an ent pair over dist e is e

e



eelof left
mo

telep
leftpart to right

A
lofty

e

2e

patahm

aud Jacuiolkowshiisomorpleet

consider postselected teleportation

IN B lofts proper 1 7A a c c

lofts

project onto 1ft posttelected measure

meat i e we only consider the S outcome



So this is a complicated way of writing the
identitymap

Protocol for applying pm EG

1L t MI

ii
a

Now murder of applying
and projecting they commute as they

act on diff systems
to this is the same map

IKei to
Xapply E

MeA projectonto ft
free orders commute

flees is the same

ofas i e

I Ele



This is the www.hows h

I is the E O map

apply E to half a max entangledstate

I is the r E map

teleport through the Choi state

CIDeusecodengtavesee.us

sharedentanglement class channel g channel

debit 2 obit 1 qubit

Can we do the converse Use a quantum channel

to transmit classical information

Triviallypossible by encoding 0 107 1 117

1 gust debit



Can we do better if we also Reae entanglement

Duet sometimes also superdense eoolery

A lift B
comme

1dg Encode the bis m flogs so
au ours

AIB share 16 7

A can encode two bits 4A Greatly

Hogs E I I lE

d e A applers EXP to her pet ofloft

A sends her part of the state to B via

the quantum
communication clocenel

B measures in Red fans togs and

recovers x and I



Shared ent t g cleaned class channel

debit t 1qubit 2 cloth

dL0pEy of_kkpz dry_

We can use the teleportation abuse codery

protocol mutually
to argue that both are

optimal in terms of communication
cost

To this end assume steered eat is free i e Rns

is not part of our cost function

i Assume we can teleport with re2 bitsof

class communication per gust seat i.e there

are protocols to send kgqubits w ka class

bits s K keg r

Use this hyper teleportation protocol to send

quantum States in the Cuorual dense Cooleyprof



feed 2a cents

dense cooling

send u qubb

hyper teleportation

send me obits r 2

D Can compress class mformake 1h the presence of

entanglement

Can ikok.tl to arbitrary compress
class info

i e send a bib with teen fits as Long

as we have free entanglement

This is impossible Gehring can also Se foundered

Ii Assume we can hype dense cook 2522 class

Lb per qubit scent

send 2 s class Sb

I



hyper
dense candy

send a g L2

teleportation

feud 2 cfrb

a and again
we can send Zs 4h by only

transmitting 2 Hs ek


