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Secret key agreement

U. Maurer, IEEE TIT 39, 733 (1993).

Secret key agreement protocol

Eve m A, B, E obey P(A, B, E).

E
ﬁ h m Alice and Bob want a secret key.

A A VAVAVAVAVEL m They can use only local operations
Alice Bob

| public communication |

Eve ;{2

and public communication (LOPC).

SKA is possible only if P cannot be created by LOPC — secret correlations.
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Intrinsic information
U. Maurer ., IEEE TIT 45, 499 (1999).
N. Gisin CRYPTO 2000, 482 (2000).

Intrinsic information

I(A:BlE):= EiifE[I(A : B|E)],

I (A; B|E) - conditional mutual information; minimization over channels P(E|E).

m Quantifies how much Bob learns about Alice’s data by looking at his own
data after Eve announces her data (or a function of her data).

m Upper bound on secret key rate:
S(A;B||[E)<I(A:BlE).

m P(A, B, E) contains secret correlations <= I (A: B | E) > 0.
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Intrinsic information
U. Maurer ¢ IEEE TIT 45, 499 (1999).
N. Gisin et a RYPTO 2000, 482 (2000).

Classical measure of entanglement

Mapping entanglement onto intrinsic information by measurement:

paB = |¥)ape — P(A,B,E) =Tr(Ilx @ I @ Mg |V) apE(Y]).

Entanglement quantifier:

sup [[(A;B | E)]

= inf
#(pap) {p,¥)aBE} {114,115}

m Vanishes on separable states.
m Equal to von Neumann entropy on pure states.

m Computed for Werner state (hard otherwise).
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PRA 91, 062313 (20
Mat. o
Gaussian intrinsic entanglement . Rev. A , O 010).
R. F. Werner ¢ Phys. Rev. 3 2001).

Intrinsic entanglement

E = su inf I(A;BlE
L (paz) {HA,SB}{HEv“I’>ABE}[ ( LB

Gaussian scenario:

m pap — (N + M)-mode Gaussian state with covariance matrix (CM) vap,

m |U)4pr — Gaussian purification with CM v, = ( JAB TVABE ),

VZ;BE TE

m [14 B, — Gaussian measurements; outcomes d4,dp,dr, CMs I'4 B g,

= E — E — Gaussian channel characterized by Gaussian P(dg|dg).

GAUSSIAN INTRINSIC EN




i PRA 91, (2015).
1 M Gelfand et al., Usp. Mat. Nauk 12, 3 (1957).
Gaussian intrinsic entanglement . Magni Phys. Rev. A 81, 0
hys. Rev. Lett.

Simplification

mutual information of P(d4,dg|dg) with CM
1

04 =Ta4®Tp+74B —YABE————VaBE
e +TE
4
I(A: BIE) = § n (defgadeton )

P(dgldg) « e~ (d8=Xdp)"Y ! (dp—Xdp)

1. P(da,dp,dg) - Gaussian with CM

R 1 T
OAB 7---—’YABEXTWX7ABE
rr+Ta@®Tp @ T (YE+TE)XT+

[SVD, blockwise inversion, some algebral

I(A:B|E) = (I(A: B|E = ¢))

I(A:B|E=¢)

— 'YABEﬁ"/EBEv I, — CM,
I3

E — E can be integrated into I'g
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PRA "l (0] 13 ( ’Ul ).

Gaussian intrinsic entanglement

Simplification

Symplectic transformations: SQST =Q, Q = €BN+M oy.

Symplectic diagonalization: SyapST = @N+

eigenvalues.

v;l, v; > 1 - symplectic

3. Purifications |¥) (K modes E) and |¥) (R < K modes E),
Yr = Iap ® Sz 1lvx ® Ia(xk—r)llLaB ® (SE) 7,

6a=-..94Be(Ye + L) '3 5 = . vaBe(ve +Te) i =oan

I

For any |¥) and T'g there is I'g on fixed |V) giving 645 = oap
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L. M Jr. e , PRA 91, 0 313 (2015).

I. M. Gelfand Usp. Me Nauk 12 3 (1957).
Gaussian intrinsic entanglement L. Magnin al., Phys. Rev. A 81, 010302 (2010).
R. F

*. Werner ¢ Phys. Rev. Lett. 86, 3658 (2001).

Gaussian intrinsic entanglement

1 deto gdet
Ef(ﬂAB): sup inf | In detgadetop
FAvrBFE 2 detaAB

1
oap=Ta®Tp+vaB — 'YABEm’YZ;BEv

( YAB 7YABE

T — CM of an arbitrary fixed purification.
YaBeg 7E

Minimal purification:
R [ 2
YE = @ﬁ:l vil, ~vapp=S"1 Dit (5’ lo )

R — number of symplectic eigenvalues > 1 of y4p.
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s PRA 01 062313 (2015).
. Nauk 1 (1957).
Gaussian intrinsic entanglement . Magni Rev A 81, 010302 (2010).
. Rev. Lett. 86, 3658 (2001).

Faithfulness

Gaussian separable state:

P5 = [ PGauss(r)D(Vr)|xa)a(xal ® IxB)B{(xE|D(Vr)dr

Purification:
[ 9 anE = [ /Pcauss(®)D(Vr)|xa)alxB)B|r) pdr,

|r) g — product of position eigenvectors.

Measurement of |r') g

Il
e

D(Vrl)‘XA>A|XB>B = o0oAp =04 Dop = Ef (pfg)

One can also show that Ef (paB) =0 = pap is separable.

’ GIE vanishes < pap is separable ‘
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Gaussian intrinsic entanglement . . , O 010).
R. F. Werner ¢ Phys. R(v 3 2001).

Monotonicit

Gaussian local trace-preserving operations and classical communication
(GLTPOCC):

M: pap — pil,

Ef (paB) > Ef (p5)-

M can be represented by a quantum state Ma;_ B; AgutBout -

M can be implemented by teleportation via M 4. p. a

inin out Bout *

il = [9M) o 4y, ({0} BB, {0 W) ABE, M) Ay, Biy Ao Bow Ea
(|]M) purifies M, |¥) purifies pap.)

Mis TPLOCC: Mot i dow Bows = 32 PMI s © M5 e M~ TP
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Gaussian intrinsic entanglement

Monotonicity

3 measurement with CM fg}w projecting |M) to Mx(él) Agus @ A{(Bii)nBout.

ES (pX) = F G TASTHL TR, BE (pap) = £ (3, T T, ).

0
Ef (pﬁ”‘B) < f(%r oL T T )EBFEM)
= MI of outcomes of measurements with CMs I'}!, on (M4 ® Mg)(paB|E,)-
M, — TP = realizable by unitaries on larger system 4 dropping of some

output modes + addition of noise. The noise can be integrated into measurements
with FQAB and the new measurements never give a higher MI than their extension

to dropped modes (CMs FIA,B)v

f(vﬁ/lvfﬁ/lfs re )EBFEM) < f(%n 4T, <O)) < Ef (paB)-

’ GIE does not increase under GLTPOCC ‘
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L. Mista, Jr. Lt al., PRA 83, 042325 (2011).
GIE for symmetric states L. Mista, Jr. il., PRA 91, 062313 (2015).

Two-mode symmetric states

Monotonicity = Invariance of GIE under Gaussian local unitaries =

a 0 ky O
0 0 —k
a8 = | 8 e o | ke2kp>0
0 —kp 0 a
Symplectic eigenvalues: vy 2 =+/(a £ ks) (a Fkp).

Symplectic matrix: S = [diag(zzl,zA) &3} diag(zB,zgl)]U%%w; za,B > 1.
Calculation using an upper bound:

1 deto 4det
U (pap) :=inf sup {7ln <M):|.
PEr, g 2 detoap

If (@+ b+ 1)2 > ab(ab — &2) homodyning of 4 and zp is optimal and

1 (detaAdetaB> 1 ab

sup —In = —In

TaTp 2 detoap 2 ab—a2

a,b, & - parameters of pp|p-
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. Jr. .., PRA 83, 042325 (2011).
GIE for symmetric states B a, Jr. l., PRA 91, 062313 (2015).

Symmetric states with a three-mode purification

States (E pS)B) satisfying: 5
s>,
vy =1 = kz:a_ﬁv
Eve
— =/ (1) .
v =V = det'YABv |TMSV(V)>ML>@\/\1
—1 —1 . .
S, (Sg') —squeezing in pa (xB). Bob
CV GHZ: osf
GIE for any p;l})gz = 05
g 04 Ey - .
(1) E 03 EE,,,,,,,, ,,,,,
G _ <) / T .
EY (ﬂAB) =1In (h) §o02 - ES
P =t . 7
i 0.1/’—
Reached by homodyning of x4, zp 0.0

and TE-
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5 (2011).

GIE for symmetric states

Pure states

For ky = kp we get a? — kf, =1 and

states pgg reduce to pure states pf .

2.0f

GIE for pure states:

’ ElG (pZB) =In(a)

=
=)

Entanglement
n

o o
S W

700 02 04 06 08 1.0 12 14

where a = cosh(7).

7

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

Equality is established by non-Gaussian photon counting on A and B.
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.., PRA 83, 042325 (2011).
l., PRA 91, 062313 (2015).

GIE for symmetric states

Symmetric squeezed thermal states

States (E pf)B) satisfying:
ke = kp =k,
vy = vy = v =+a? — k2,

Z (Z=1) - squeezing in x5 (pa).

GIE for any pf])g with a < 2.41:
G 2\ _ (a—k)?+1
By (pAB> =lIn [W]

Reached by homodyning of x4, 25, Tp, and pgy.
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G. Adesso et al., PRL 109, 190502 (2012).
G. Vidal and R. F. Werner, PRA 65, 032314 (2002).
Relation to other entanglement measures

Relation to Gaussian Rényi-2 entanglement

GIE for considered symmetric states:

0, it . > 1
Ef (pap) = {m{[ﬁ_ F(po)"1)/2), i o < 1,

where _ = y/(a — kz)(a — kp) is a smaller symplectic eigenvalue of pi‘}‘g.

Gaussian Rényi-2 (GR2) entanglement:

i 1
Bz (pap) = 9ABIE£AB ~In(det0a).
deto =1

E{ (paB) = B2 (paB)

’ Conjecture: GIE and GR2 entanglement are equal on all Gaussian states ‘
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PRL 109, 190502 (2012).

nd R. F. Werner, PRA 65, 032314 (2002).
Relation to other entanglement measures

Relation to logarithmic negativity

Logarithmic negativity:

En(pap) = max[0, —Ino_].

For analyzed states:

[ Ef and E s are monotonically decreasing functions of v_.

u ENzEf.

Not true in general:

n Ef is not a function of 7_ for some asymmetric states.

= En(p§%T) =0 but Ef (PEET) > 0 for PPT entangled states.
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Conclusion

Conclusion

m New quantifier of Gaussian entanglement.

m Operationally associated to secret key agreement protocol.

m Computable for several classes of two-mode Gaussian states.

GIE is equal to GR2 entanglement for the classes of states

— conjecture that the equality holds for all Gaussian states.
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Conclusion

Thank youl
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