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Outline

1 Entanglement Distribution

® Quantum communication
® ED with Separable States

2 Incoherent Dynamics

® Motivation
® Our approach




Quantum Communication

The Goal: Quantum Internet
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Entanglement Distribution

o Encoding Operation

CNOT Operation



Entanglement Distribution
@Send CfromAtoB




Entanglement Distribution

e Decoding Operation

CNOT Op&




Entanglement Distribution

Result: A and B are now entangled




Entanglement Distribution

Result: A and B are now entangled

A

This result is still possible when

the carrier system is always
separable from A and B

Cubitt et al., PRL(2003)



® Mixed states: difference between product

tat
SHAes Pag = Ps @ Pp

with no classical or guantum correlations...

® ...and separable states (no entanglement)

PAB = Z Pk/oj«C & Pg
k



Quantum Discord

PAB = Z PkﬂzfxC & Pg
k

® Mixed separable states can still have
quantum correlations, e.g. discord

® DA|B) =IA:B)-JA|B)



D(A|B)=IA : B) — J(A|B)

® Mutual information

® Measures total correlations
(relative entropy between state p, 5
and product state p, & pPp)

I(A . B) =5(py) +S(pg) — S(pap)



D(A|B)=IA : B) — J(A|B)

® Generalised conditional entropy

® Measures classical correlations -
maximum info that can be gained
about A by measuring B

JA|B) = maxg, (S(pA) - ZpiS<p;;>>



D(A|B) =I(A : B) — J(A|B)

® Discord = how much you disturb the
overall state when extracting information

© D(A|B) # D(B|A)

@ DA|B) >0



Quantum Discord

In entanglement distribution:

Discord bounds the amount
of entanglement gained

a.cB\P) — €ac.p(@) < Dypc(P)
After sending C Initial

Chuan et al., PRL(2012)

A B

Entanglement



~ Incoherent Dynamics

What if there are imperfections in
the encoding and decoding steps?




~ Incoherent Dynamics
ap
di

= —i[H, p] +yZL(p)




~ Incoherent Dynamics

d .
7’? = —1i|H,p] +yZL(p)

Strength of the
incoherent dynamics




Initial State

a(p) = pAsep + (1 = p) gy

Initial Entanglement between A and B
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How long should the interactions last?

No unique steady state

E.g. for encoding:
p=1000(000] —__ dp _ )
p=001)(001| — dt



How long should the interactions last?

Steady State?

0 005 0.1
YAC

No steady state where

1.0
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0

EClAB = 0



How long should the interactions last?

Steady State? No steady state where
EClAB =0

0.1;
y F.O 0.005;
BC 0.8 }/BC

0.05; 0.6
0. 0.

0 005 01 0O
YAC




How long should the interactions last?

Need to limit interaction time.
Focus on case where

0<tr<1



C separable from AB?

Which values of YA and /g allow for EDSS?




C separable from AB?

Which values of YA and /g allow for EDSS?

YBC

| ¢ Asiinitial entanglement grows,
0.8

parameters are more restricted

0.6

" More restrictions on

0.4 encoding than decoding

0.2

01 02 03 04 0.5 }/AC




- Aentangled to BC?




A entangled to BC?




A entangled to BC?

@ Higher initial entanglement
—P Lower entanglement gain

® Focuson p =0.9 case



- Aentangled to BC?

A:BC Entanglement Gain

@ Higher initial entanglement
—P Lower entanglement gain

® Focuson p =0.9 case

How should we extract A:B

entanglement?



- Aentangled to B?

In the case of unitary dynamics, final state:

Bell state - maximally
entangled

— Try measuring C in the standard basis



A entangled to B?
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A entangled to B?

0.6
0.5

Ypc -3
0.2

0.1
0.0

YAC

0.000.020.04 0.06 0. 08

lo.04

0.03

0.02

I0.01




It is possible to generate entanglement between
2 systems without using entanglement, even
with incoherent dynamics

In this case:

@ There are more restrictions on encoding
than decoding

@ Stronger incoherent dynamics can increase
A:B entanglement when tracing out C
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