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Mutual information, conditional entropy, accessible information... require full tomography!! (resource expensive)
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Entanglement

Valid entanglement measure for pure

bipartite states in DV framework

* Zero for product states
* Non-zero for all entangled states

* Monotonically decreasing under LOCC



2. ERGOTROPIC GAP as ENTANGLEMENT WITNESS

A€ = Eloc p — <Lvglob p dm—

Bound on ergotropic gap for bipartite separable
states

Mir Alimuddin®, Tamal Guha®, and Preeti Parashar¥

Show more ~

Phys. Rev. A 99, 052320 - Published 14 May, 2019

DOI: https://doi.org/10.1103/PhysRevA.99.052320

Entanglement

Not an entanglement monotone

for mixed states

L

Bound on ergotropic gap

for mixed separable states



2. ERGOTROPIC GAP as ENTANGLEMENT WITNESS

Entanglement

A€ = Eloc p — <Lvglob p dm—

Not an entanglement monotone
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Extension to Continuous Variables???



Gaussian case

 REasily-tractable subset of continuous-variable states

~ 0.20

(few parameters needed for their characterization)
- 0.15
~ 0.10

* Two-mode Gaussian study === generalizable

L 0.05 =

- 000 to any bipartite Gaussian if certain symmetries are

present <loca11y symmetric) :

e Parametrization (Bloch-Messiah):

temperature factors squeezing beam-splitter frequencies

. angle
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Gaussian case

 Hasily-tractable subset of continuous-variable states

(few parameters needed for their characterization)

* Two-mode Gaussian study =)  generalizable to any

~ 0.10 . . . . . .
blpartlte (Gaussian if certain symmetrles are pI'GSCIlt.

L 0.05 =

- 0.00

* Bloch-Messiah parametrization

AE,. = AE, . (k,v, 21, 22,0, 0)

But results are independent of the parametrization choice
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Pure case k=1y=0

* Analogous to DV case

* Aeis a valid measure of entanglement

* Aeis functionally dependent on mutual information
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Mixed case

Unlike DV, A&  is nonzero if and only if there exist correlations

between the two modes
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Mixed case
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Functionally independent of mutual information!!!
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Mixed case

A&, < B™P  p separable
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Question: how “good” is our criterion at detecting entangled states?

Faithfulness of our
witness depends on the
distance between

Bent and Bsep




3. RESULTS

For locally symmetric bipartite Gaussians, PPT is necessary and sufficient:

ENTANGLED

e PPT

Question: how “good” is our criterion at detecting entangled states?

We study the parametric family of
two-mode-squeezed states:

TMS(z, k,y)
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Non-Gaussian case

* We study the behaviour of Gaussian relative ergotropic gap on non-
(aussian states

e Focus on TMS states gGaussian‘) that undergo a photon subtraction
(non-Gaussian) in ona& of the mades

* Apply SV criterion as information-theoretic witness of entanglement

(a*a),(bh), — (ab),(a'b"), <0 => p entangled



Non-Gaussian case
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4. CONCLUSIONS and OUTLOOK

* Relative ergotropic gap as a witness of entanglement for Gaussian
mixed bipartite states (locally symmetric)

Independent quantity from mutual information

Bound on the maximum gap for two-mode Gaussian separable states

Bound on the minimum gap for two-mode Gaussian entangled states

Necessary and sufficient criterion for states with symmetric thermal fluctuations (equivalent

to PPT)

Possible extension of the applicability of the criterion to more complex non-Gaussian states



4. CONCLUSIONS and OUTLOOK

* (Generalization to broader classes of non-(Gaussian states
* Multipartite scenario

* Efficiency benchmark (# copies) with respect to quantum
tomography
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Gaussian relative ergotropic gap:

1
k—D(1+a)+7(1—a)

‘ 22+ zg
A€, = - [ (k 4+ 7v)?cos?d + (k — v)%sin0 + (k? — '}#2)(:0529516?129( 1 )

2122

2 2
21 +2:2

2172

+ f}:\/(k —v)%cos*0 + (k + v)?%sin*0 + (k2 — '}/2)00529512?129( ) — k(1 +a) +~(1 — fx)}]



Two-mode Gaussian separability condition:

(k‘4+’}/4—2k‘2'}/2—2k2—272+1)2:1 2o > 4sin’Ocos’ [(Z%Jrzg)(kg—’}/Q) —2129 (2k2+272)}



Bound for separable and entangled states:

Bsep _ HT“\/I + k4 4 4 22 + 292 — 2K242 4+ 8ky — [k(1 + a) +y(1 — a)]

(k—1)(1+a)+~v(1 —a)

Bent _ Lo /14 k4 + 44 + 2k2 + 292 — 2k292 — 8ky — [k(1 + @) + (1 — )]

(k—1)(1+a)+~v(1—a)



Distinction between DV and CV:

In continuous-variable systems,

AE = k - (correlations) o k



	Slide 1: Thermodynamic signatures of  Gaussian entanglement beyond entropy
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47: BACK-UP SLIDES
	Slide 48
	Slide 49
	Slide 50
	Slide 51

