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» We will analyse their nonclassicality and genuine
non-Gaussianity
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How to measu

1 |vw3
General: C*(p) = —
)= a0 Wi
In general hard to "

. . 2 1 2 2
or to determine if . Pure state: C*(|¢)) = Z((AX,-) +(AP)?)
Gaussian states. ) =1

| Gaussian states: C> =_—Trv!
Need for si (pc) 2n
determine o Cp)>1 p is nonclassical
non-Gauss| Not a distance but C(p) — 1 < D(p, &) < C(p)
For Nonclassicality » Quadrature Coherence Scale - >
> Wigner negative volume
For Genuine non-Gaussianity » if W(0) < %6*25(1%)

NOTE: all this can be computed if one knows W(a).

We provide explicit and general expressions for x(§)
and W(«) of photon added/subtracted Gaussian states
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The questions
.

To which extent photon added/subtracted states are

nonclassical and/or genuine non-Gaussian ?

How does their nonclassicality/ genuine non-Gaussianity

compare to the one of the original Gaussian state?
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— is highest for a'S(z)|0).
— is sensitive to noise

— decreases with increased squeezing \
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Squeezing

Noise
QCS gives more info about nonclassicality,
but what is really interesting is the gain
v~ QCS can increase up to 200%
x but become very sensitive to decoherence

Squeeting

Anaelle Hertz 6/10



Result: photon-subtraction .

:
Anaelle Hertz 7/10



Result: photon-subtraction

» Well known: —> photon-subtraction transforms a classical
state into a classical state

Anaelle Hertz 7/10



Result: photon-subtraction

» Well known: —> photon-subtraction transforms a classical
state into a classical state
—» Photon subtraction can make a nonclassical
state classical: a|1) = |0)

Anaelle Hertz 7/10



Result: photon-subtraction

» Well known: —> photon-subtraction transforms a classical
state into a classical state
—» Photon subtraction can make a nonclassical
state classical: a|1) = |0)

> We proved: photon subtraction always transforms a Gaussian
nonclassical state into a nonclassical state.

== QNG — — Clsqmn=t teer r=gin

Squeezing

000 002 004 006 008 010

Anaelle Hertz



Result: photon-subtraction
LA S N

» Well known: —> photon-subtraction transforms a classical
state into a classical state
—» Photon subtraction can make a nonclassical
state classical: a|1) = |0)

> We proved: photon subtraction always transforms a Gaussian
nonclassical state into a nonclassical state.

- P RPPP P |
QNG Csqrn-=1 r=gint

> We identify a family of
Wigner positive state
(interesting because a complete
characterization of all Wigner

Squeezing
<
°
o

positive states is not known)

000 002 004 006 008 010

Anaelle Hertz 7/10



Result: photon-subtraction
LA S N

» Well known: —> photon-subtraction transforms a classical
state into a classical state
—» Photon subtraction can make a nonclassical
state classical: a|1) = |0)

> We proved: photon subtraction always transforms a Gaussian
nonclassical state into a nonclassical state.

g

1
QNG Csqrn-=1 r=gin

> We identify a family of
Wigner positive state
(interesting because a complete
characterization of all Wigner
positive states is not known)

—0.200

=10.175

0.150

0.125

Squeezing

0.100

0.075
0.050

0.025

» Some of them are
genuine non-Gaussian ! ST

Anaelle Hertz 7/10



Result: photon-subtraction

Squeezing

Squeezing

0.0 0.1 0.2 03 04

Noise

175

1.50

125
1.00
0.75
0.50
0.25

-0.25

Anaelle Hertz

8/10



Result: photon-subtraction

Squeezing

0.2

03
q
Noise

Squeezing

0.0 0.1 0.2 03 04

Noise

» v QCS can increase up to 200%

175

1.50

125
1.00
0.75
0.50
0.25

-0.25

Anaelle Hertz

8/10



Result: photon-subtraction

Squeezing

0.2

03
q
Noise

04

Squeezing

0.0 0.1 0.2 03 0.4

Noise

» v QCS can increase up to 200%
» When g = 0, same state = same result.

175

1.50

125
1.00
0.75
0.50
0.25

-0.25

Anaelle Hertz

8/10



Result: photon-subtraction

A&*

S Cagmet o Clsmet e Reqrni=0

Squeezing

0.0 0.1 0.2 03 04 0.5 0.6

Noise

Squeezing

0.0 0.1 0.2 03 0.4

Noise

» v QCS can increase up to 200%
» When g = 0, same state = same result.

» Same gain asymptotically

175
1.50
125
1.00
0.75
0.50
0.25

-0.25

Anaelle Hertz

8/10



Teaser
I

QCS of linear combinations of Gaussian functions in phase space

Anaelle Hertz 9/10



Teaser

QCS of linear combinations of Gaussian functions in phase space

Let the Wigner function of p be W(r) =3, cmGy, ~.(r) with

_ Iso b
G ()= exp[—3(r — ) " (r = )] ~ s complex
Hom:m det(27ym) (normalized)
function

|
Anaelle Hertz 9/10



Teaser

QCS of linear combinations of Gaussian functions in phase space

Let the Wigner function of p be W(r) =3, cmGy, ~.(r) with

_ Iso b
G ( ) _ eXP[_%(" - /J“m)TIle(r — “m)] \ :a:o;?jexe
Hom:m det(27ym) (normalized)
function

2
—  The computation of C2(p) = 4—1,1%}2 is done without the
2

need of integration. Result simply written in terms of ¢, and
parameters of the Gaussian functions.

Anaelle Hertz 9/10



Teaser

QCS of linear combinations of Gaussian functions in phase space

Let the Wigner function of p be W(r) =3, cmGy, ~.(r) with

_ Iso b
G ( ) _ eXP[_%(" - Hm)Tle(f - p'm)] \ Za:o;?jexe
Hm:m det(27ym) (normalized)
function

2
—  The computation of C2(p) = 4—1,1% is done without the
2

need of integration. Result simply written in terms of ¢, and
parameters of the Gaussian functions.

We can then compute the QCS for
» GKP states
» States in a loss channel
» Qutput state of a breeding protocol
> etc.

Anaelle Hertz 9/10



Teaser

QCS of linear combinations of Gaussian functions in phase space

Let the Wigner function of p be W(r) =3, cmGy, ~.(r) with

m Iso b
G ( ) _ eXP[_%(” - Hm)T’le(r — p’m)] \ :a:o;;cl)exe
iy Ym det(27ym) (novmalized)
function

2
—  The computation of C2(p) = 4—1,1% is done without the
2

need of integration. Result simply written in terms of ¢, and
parameters of the Gaussian functions.

We can then compute the QCS for
» GKP states
» States in a loss channel
» Qutput state of a breeding protocol
> etc.

Anaelle Hertz 9/10



For more details
I

GO check our paper PHYSICAL REVIEW A 107, 043713 (2023)

Decoherence and nonclassicality of photon-added and phot i G ian states

Anaelle Hertz
Department of Physics, University of Toronto, Toronto, Ontario MSS 1A7, Canada

Stephan De Bigvre®
Univ. Lille, CNRS, Inria, UMR 8524, Laboratoire Paul Painlevé, F-59000 Lille, France

(®] (Received 8 November 2022; accepted 10 April 2023; published 26 April 2023)

Anaelle Hertz 10/10



For more details

GO ChECk our paper PHYSICAL REVIEW A 107, 043713 (2023)

Decoherence and nonclassicality of photon-added and phot i G ian states

Anaelle Hertz
Department of Physics, University of Toronto, Toronto, Ontario MSS 1A7, Canada

Stephan De Bigvre®
Univ. Lille, CNRS, Inria, UMR 8524, Laboratoire Paul Painlevé, F-59000 Lille, France

®) (Received 8 November 2022; accepted 10 April 2023; published 26 April 2023)

T

Anaelle Hertz 10/10



o= g‘: GCoumiam
= agh = prelo

25 i el e W &

0= i ~grdon added ¢¢

Pure. Gouniam stakes

(Camical ntater N

Anaelle Hertz

10/10



	Introduction
	Teaser
	For more details

