GAUSSIAN
INTRINSIC
ENTANGLEMENT

Ladislav Mista

Department of Optics, Palacky University, Czech Republic

\%




Motivation

Seek for computable meaningful Gaussian entanglement measure

Classical mutual information of a Gaussian state

det(yq + I 4)det(yp+Tp)
det(yap + T4 ®Mp)
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I.(p%5) = I_s:uP — {In
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}

(L. Mista Jr et al., Phys. Rev. A 83, 042325 (2011))

Renyi-2 measures of Gaussian quantum correlations
(G. Adesso et al., Phys. Rev. Lett. 109, 190502 (2012))

We took a different route ...



Secret key agreement
Eve

e A, B, F obey P(A,B,E)
e Alice and Bob want a secret key

e [ hey can use local operations and public communication
(LOPC) PC - Eve hears messages but cannot tamper them

(U. Maurer, IEEE Trans. Inf. Theory 39, 733 (1993))



Intrinsic information

I(A:BlF):= inf [I(A: B|E)]

E—E

I (A; B|E) - conditional mutual information; minimum over
P (E|E)

(U. Maurer and S. Wolf, IEEE Trans. Inf. Theory 45, 499 (1999))

S(A;B||E) <I(A: Bl E)<Ifom (A B|E)

S (A; B||F)-secret key rate; Irorm (A; B|E)-information of
formation

I(A:BJ]FE)>0= no LOPC prepartion of P-secret correlations



Entanglement can be mapped onto secret correlations!

oA — |\W)ape = P(A,B,E) =Tr(MN4 @ Np @ Ng|W) app(WV])

pap is entangled & I(A: Bl FE) >0

P can inherit more properties of pyp!
Bound entanglement — bound information

(A. Acin et al., Phys. Rev. Lett. 92, 107903 (2004))

Can we preserve also quantitative properties of states?



Classical measure of entanglement

E — inf [I[(A:BJl FE
1 (pAB) nilfﬁBn;':‘| w>[( 1 E)]

e Vanishes on separable states

e Equal to von Neumann entropy on pure states

e Computed for Werner state (hard otherwise)

(N. Gisin and S. Wolf, Proceedings of CRYPTO 2000, 482 (2000))



Gaussian intrinsic entanglement (GIE)

poap — (N + M)-mode Gaussian state with CM ~4p

I\W) 4 — Gaussian purification with CM ~; = ( TAB VABE )

’YZ; BE TE

M4 p g — Gaussian measurements with outcomes dg4,dpg,dg
and CMs I'A,B,E

E — E — Gaussian channel with Gaussian distribution P(dg|dg)






E¢ simplifies in Gaussian scenario

P(dy,dp,dr) — Gaussian with CM v+ T 20 TMTgd Mg

I(A:B|E) = (U(A:B|[E=¢))=1(A:B|E=¢)=1Iconq(A: B)
Mutual information of P(d4,dg|dg) with CM
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YABE
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oAB =1 A®T B+ Y4B — VABE

U

: detos det
I(A:B|E) =3In ( d%%UABOB>

(I. M. Gelfand and A. M. Yaglom, Usp. Mat. Nauk 12, 3 (1957))



~ ~ T T - 7
E — F described by P(dg|dg) o« e~ (ds—Xdp) Y~ (dp—Xdp)

—1
FA® T+ —vapeX’ [ X(yp+T)XT+Y|  Xvipg
SVD, blockwise inversion,some algebra

FrA®Tg+vas—v4e(ve + ) Yige F5— CM.

U

E — F can be integrated into g

OAB

Purifications |W) (K modes E) and |V) (R < K modes E),

(W) ape = Up|WV)ABERON Ep . B

(L. Magnin et al., Phys. Rev. A 81, 010302 (2010))

cap=---AABE(E+TE) Y¥Winr = - vaBe(ve + TE) Yigr =oan
\(}

For any |W) and g there is g on fixed |W) giving 645 = o4p




Gaussian intrinsic entanglement (GIE)

G __ : 1 detodeto
Ei (IOAB) = SUDrA,rB IﬂfrE [§ IN ( detaAB B)

1 T
YABE>
YE+ T E
vr can be CM of an arbitrary, e.g. minimal, purification.

oAB =1 AD®T B+ Y4B — YABE



GIE is faithful

Gaussian separable state pzeg:

PR = [ Poauss(r)D(Vr)|x ) alxal ® |xB)B{(xp| DI (Vr)dr,

(R. F. Werner and M. M. Wolf, Phys. Rev. Lett. 86, 3658 (2001))

Purification:

W) app = [ \/Poauss(t) D(Vr)|xa) alxs) 5Ir) pdr

(|r) g — product of position eigenvectors).

Measurement of |r’)p — factorized state:

DOWVr)|xa)alxp)s = cap =o0a®op = EF (p55) = 0.

One can also shown that Ef (pap) = 0 = pyp is separable.

GIE vanishes if and only if pyp is separable




GIE for pure states

ppure = |V) a{Y| = |W)aBE = [V)aBlY)E = YaBe =0

= 0AB =YAB + T 4D B,

detosdetos maximized by double homodyning on A and B
detO'AB

(L. Mista et al., Phys. Rev. A 83, 042325 (2011)).

Ef (ppure) = In (\/detvyy)

v4 — local CM of subsystem A.

GIE is not equal to local von Neumann entropy on pure states




Monotonicity of GIE

Gaussian local trace-preserving operations and classical
communication (GLTPOCC) M: pap — pik

Ef (pAB) = SUDrA’rB infl_E f ('}/7'('7 I—A7 I_Ba I_E)'

: detoydet
J ('771', 4,1 B, I_E) = %In ( dO-eI%UABJB) :

Ef (pfz\(lB) — f (774\/17 r.//\l/la I_./[\}/la r%/l) )

B (o) = £ (17070, 7).

M can be represented by a quantum state M4, B A, :Bout:
(A. Jamiotkowski, Rep. Math. Phys. 3, 275 (1972)).

M can be implemented by teleportation via My, B. A, +Bout-
(J. Fiurasek, Phys. Rev. Lett. 89, 137904 (2002)).

P = (WM oc a4, ({0} BB, ({0} W) aBE,IM) A, By Aoyt Bout Eas



(|[M) purifies M, |W) purifies pap)

If M is LOCC M is separable, i.e,.

_ Va2 (4)
MAmBonutBout Z’L p" AinAout ) MB nBout

(G. Giedke and J. 1. Cirac, Phys. Rev. A 66, 032316 (2002)).

3 measurement (CM I""g/‘M) projecting |M) to

Vi, (2)
Aonut 3 MB nBout”

= Independent teleportations of A and B followed by

measurements — new Gaussian measurements on pyp with CMs

(2) (z)
AB (only if MA.nAout MBinBout preserve the trace).

Ef (pib)

IA

f(%r LD © P ) < f (m a T )

< E¢ (PAB) -

GIE does not increase under GLTPOCC




GIE for CV GHZ state

O K K o K
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o — d|ag (€2’r_|_2€—2r 6—27“_'_2627“)’ o — d|ag (€2r_e—2r _627’_6—2r>’
r > 0 (squeezing parameter).

(P. van Loock and S. L. Braunstein, Phys. Rev. Lett. 84, 3482 (2000))

Numerics: Eve’'s optimal measurement is homodyning of =g
oag =B+ 4T g, where vSW9 is pure =

deto detop
detoyp

maximized by double homodyning on A and B
(L. Mista et al., Phys. Rev. A 83, 042325 (2011))

1 \PAB 2 4 3

2r
EG ( GHZ> — 1 In (2+ex+eg7“) T = e2"2e 2"
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Comparison of the GIE Ef with the Gaussian entanglement of

formation Eg and the logarithmic negativity Eas as a function of
squeezing r for the CV GHZ state.



Conclusion

e New faithful quantifier of Gaussian entanglement.

e Operationally associated to secret key distillation.

e Monotonicity, additivity, relation to other measures etc?



