
3 Apple ofEagle.mu
Teleportation and dense coding

alheleportaha

Setup
goes1 7
own

At A B

A dB share entangledhate left Ars t 1003 1 a

A has auteur quantum shek

Mai 2107A tf le ai

could e.g also tepart of
a larger system linearity

A B cannot reliably transmit quantum
States but can communicate classically forfree

Ifthe line is unreliable ARBcan still useof to create entangled
shakes left

e.g byrepeat until
success or entanglement distillate Later

or using quantumrepeaters
Glu

Queen can A get 1 7 safely to B
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Rotten Aug measurement of
H would only

reveal partial information yet destroy
state

Solyhan a

Aperforms measurement on A't iz Beaters

Ift too the

1517 t too ler 2 1 4 7 1 7 loft

14 7 t or tho KEI lot a CI X lifts

14 7 t lol Iea tx I left CI 271ft

We also write the four Bed Reks as

Hap Ex's II lets I X E lol'T
T

413 0,1
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Outcome probabilities for recess outcome flogs i

ga a troll Xd'Tsee Ia state of A

Pep staph lxxxh.ie IIa lolxp

ztfllxxxla.ie I a HipHopD

tha f l xxx hi pXdpl

IA
L tellXXXIai IIa
I
4

eg z pay ly fer od
outcomes

this isgood_ if pegg would depend on 1 3

It would reveal information on 112 and

thus perturb the state
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What is the state of B after the measure meat

i

at t.IE B

X post wees Rak Hoo
anomalind Loft

III sloth Ix a left nos

foolish 1 certain 07 81171 1007 t lmao

acolat put a

I Glo rst PHI

D t B

works with 2506 probability

Ii What about the other outcomes

I 1127 leftA A
one B

Hap
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Fist consider sofas left ay hearted

gray afore

elastin lolth 44 Iai EaXa htt no

cloth Zila Io Ht as

cotta Ia XBPZ.in left as

Krs t attain htt as

Wow combine ask destrehan in pet e

ldap depth Ma to let sos

xpZI Lolth Mai 147ns

IX rs

x'EINZ
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D After A's measurement B obtains 102g XP24112

with probability cece

average stateof B without Garry wees

result is te 2 xfszqxxxlzdxP.LI
n Bob has no information afoot 1127

oh fact same state as without meas

A communicates races outcome qd to B and

B applies RBI t to their state

Bob obtains

E tap GBE t
xPz4lx HI

D Bob obtailes 1 7 ask probability 1

Gate 1127 has been teleported
to B

Notes No faster than light communication

avg state of B
is I prior to

receiving qf whichhasfinite Hansen speed
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Communicating equht requires
l e 62

a wax entangled state left of la geht

2 lab of classical communication
c bib

1 3 left
Ten photog qq.mn
Reame A A n tops bars

Communicate app from A to B

Apply xBz2
t
on B

Can be straightforwardly generalised to
Ed

One application of teleportation
Quantum Repeaters

We can feliably create entanglement over

destance l can we create entanglements

over distance 2e

Ef Photon con at const rate prob to

send half of an eat pair our disk e is e Yes

e
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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
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So this is a complicated way of writing the
Identitymap

Protocol for applying f EG

f of proper g apply E
c

iii

ae
Now m dr of applying
and projecting they commute as they

act on diff systems to Kees is the same

cropsiE

C

II
Some orders commute

A projectonto1ft
Reis is the sauce I

as i e C

e Ece
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This is the ChoiJacuiolkowshiesomorphic

I is the E o weep

apply E to half a wax entangled Rate

I is the r E map

teleport or through the
Choi slate

GDensecoderg

Have seen

sharedentanglement t class channel q chewed

debit 2 obit l qubit

can we do the converse Use a quantum channel

to transmit classical reformation

Trivially possible by encoding 0 103 a In

l gust resit
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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
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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 bits of

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
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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
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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
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