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is a fundamental building block for quantum communication



is a fundamental building block for quantum communication

(mathematically) is the implementation of an identity channel



a”””’.”” T[l[POR’”TIO” If p4p is maximally entangled

Fidelify F=inWlpoutlP)in =1
Ilp)in

measure and prepare (LOCC) Pout




a”””’.”” T[l[POR’”TIO” If pap is not maximally entangled

Fideli'ry F =i <¢|pout|¢) in < 1

measure and prepare (LOCC) Pout




WHAT IS THE BEST
WE CANDO WITH A
FINITE AMOUNT OF
ENTANGLEMENT?




FOR DISCRETE UARIABLES:
FIDELITY PROPORTIONAL 10
MAKX SINGLET FRACTION

(Horodecki x3 1999)

WHAT ABOUT CONTINUOUS
VARIABLE SYSTEMS?




1.

CONTINUOUS UARIABLE

(CU) TELEPORTATION

Braunstein-Kimble protocol




CU QUANTUM TELEPORTATION

)

two-mode
Gaussian state with
entanglement £ = 2r

double homodyne
Qs = (qin + q)/N2
P_ = (pin —P)/V2

local displacement
ap = qp + gV2Q.
pp = Pp + gV2P_
with tunable gain g

measure and prepare (LOCC) Pout




CV QUANTUM TELEPORTATION AiS A GAUSSIAN CHANNEL

OUTPUT MODE

Aoyt = X dipy
Vout = XVinXT +Y

(d
INPUT MODE F3 t\ 8

d;,, (15 moments)
V;,, (covariance mattrix)




CV QUANTUM TELEPORTATION AiS A GAUSSIAN CHANNEL

INPUT
din
Vin

RESOURCE r4s

dAB=0

a 0

—| 0
Vap = —c%
c

0

0\ :
¢l =
0
b/ =
.
*

Phase-insensitive Gaussian channel A = (X,Y) with:
X =gl Y= (g%a—2gc+ b)I




2.

PHASE-INSENSITIVE

GAUSSIAN CHANNELS

implementable by teleportation
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IMPLEMENTABLE PHASE-INSENSITIVE CHANNELS

x Optimnal resources given X =+ /tl, Y =yl

a 0

< 0 a

—c 0
ol
x Minimum entanglement & finite mean energy
(except for the quantum-limited attenuators)

KR KK 15;%

t—tanhr '’ T ! T

c 0
8) with b = 7—e 2" tanh r Q= b+e %" (1-1) = b—e 2"
b

o "o

Y
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OPTIMAL AVERAGE

TELEPORTATION FIDELITY

for an alphabet of coherent states




CU QUANTUM TELEPORTATION
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two-mode
Gaussian state with
entanglement £ = 2r

double homodyne
Qs = (qin + q)/N2
P_ = (pin —P)/V2

local displacement
ap = qp + gV2Q.
pp = Pp + gV2P_
with funable gain g

measure and prepare (LOCC) Pout




CV QUANTUM TELEPORTATION OF

9 l0) (a0 input alphabet of

A
{C@} coherent states @
.g’ q with prior phose @
<

space distribution —@—' T

Pilo)-2e '

with variance 171

0;?»« AN ,«ﬁo

resource p g

/ FIGURE OF MERIT

Gaussian state with N f 5
entanglement £, = 2r Fir) = (Cd a Py (a){alpout|a)

average teleportation fidelity




FIGURE OF MERIT

FA(r) = jdzaP,l(Ol)(OdpoutW)
C

OPTIMAL FIDELITY: KNOWN CASES

r = 0 (separable resource) A - 0 (flat input distribution)

_ 1+ 4 _ 1
g:'(/;lpt(o) =513 Tgpt(r) = 1+ e-2r

2+ A

(Braunstein et al 2000, Hammerer et al 2005) (Adesso-llluminati 2005, Mari-Vitali 2008)

- Classical benchmark - Optimal resource state:
- Optimal protocol: Pure two-mode squeezed state
Heterodyne measure & prepare - Optimal protocol:

withgaing = (1 + 1)1 Standard BK with unit gain




FIGURE OF MERIT

FA(r) = deOCP)L(axalpoutla)
C

OPTIMAL FIDELITY: KNOWN CASES
FAo0

needs entanglementin p,g  needssteeringin pup

AN

guanium secure quantum

(Grosshans-Grangier 2001)
(He et al 2015) 1




SEc%pt(r) =9

OPTIMAL FIDELITY:

f

\

- Optimal resource state: mixed asymmetric two-mode Gaussian
state with 1vacuum normal mode [& finite mean energy in case (2)]

- Optimal protocol: BK with non-unit gain depending on r and 4

FIGURE OF MERIT

FA(r) = deaP,l(a)(a|Pout|05>
C

y) le
, tanhr > 1
1+ (1- m)z (e” + A coshr)? (1)
e"(1+ A+ tanhr) therwi )
2e” + Acoshr OHEIWISE (2)
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OPTIMAL AVERAGE

FIDELITY

for teleporting an ‘I U/ | o6 | —oxomn
secure

ensemble of input 4] G | 0| ¢
3 ound
coherent states '-

optimal

with variance 171 | 0. y P —

breaking

using a two-mode
N

Gaussian resource
with fixed steering
sg_,4 (Bob to Alice)




OPTIMAL AVERAGE

FIDELITY

for teleporting an
ensemble of input

coherent states
with variance 271
using a two-mode
Gavussian resource
with fixed steering
sa_,5 (Alice to Bob)

optimal

__.<>._-

secure
bound

steering-

breaking
-/




Classification of

phase-insensitive

Gaussian channels

implementable by
CV teleportation

Optimal fidelity
for teleporting
coherent states
with fixed
entanglement
or steering

Outlook:
applications
to quantum

crypto;
use of other
resources..
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