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Název pracovǐstě: School of Mathematical Sciences
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Aktivace neklasických korelaćı

- Neklasicky korelovaný stav neńı diagonálńı v žádné produkt-bázi.
- ∀ klasicky korelované ρA ∃ UA že ρ̃A:A′ je separabilńı.
- ∀ neklasicky korelované ρA je ρ̃A:A′ provázaný ∀UA.
- Kvantifikace nekl. korelaćı minimálńım potenciálem provázanosti:

QE(ρA) = min
UA

EA:A′(ρ̃A:A′), E − ḿıra provázanosti.

M. Piani, S. Gharibian, G. Adesso, J. Calsamiglia, P. Horodecki,
and A. Winter, Phys. Rev. Lett. 106, 220403 (2011).



No-go teorém pro Gaussovskou aktivaci
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- ρAB a ρA′B′ jsou Gaussovské stavy.
- UA, UB a U jsou Gaussovské unitárńı transformace.

Gaussovský stav ρAB je klasicky korelovaný ⇔ ρAB = ρA ⊗ ρB.

Muśı ∃ UA a UB, že ρA ⊗ ρB se transformuje na separabilńı stav.
ρAB lze p̌ripravit z ρA ⊗ ρB Gaussovskými posunut́ımi DA a DB.
Linearita UA, UB a U umožňuje p̌resunout posunut́ı na výstup.
Posunut́ı nemohou vytvǒrit provázanost a tedy ρ̃A:A′ bude sepa-
rabilńı.

Gaussovské neklasické korelace nelze aktivovat Gaussovskými operacemi!



Negaussovský aktivačńı protokol

Negaussovský element: CNOT C|m〉A|n〉B = |m〉A|m+ n〉B
Ancilla ρA′B′ je vakuový stav.

Uvažujeme negativitu N jako ḿıru provázanosti E

→ QN – negativita kvantovosti.

Předpokad: UA, UB p̌revád́ı ρAB na standardńı tvar ⇒ N ≥ QN .

Čisté stavy: Np = QN = e2r−1
2 .

Směs koherentńıch stav̊u:∫
C P (α)|α〉A〈α| ⊗ |α〉B〈α|d2α, P (α) = exp(−|α|2/σ2)/(πσ2),

Nm = 1
2

{∑∞
M=0

1
s(M)

[∑M
J=0

√(
M
J

)]2
− 1

}
≥ QN

s(j) = σ2
(
1/σ2 + 2

)j+1
.
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Obecný Gaussovský stav:

N = 1
2

(∑∞
m,n=0 |ρ̃m,n| − 1

)
≥ QN ,

ρ̃m,n =
H

(R)
m1,m2,n1,n2(0)√

det
(
γ̃+1

2I
)√

m1!m2!n1!n2!

, H
(R)
m,n - Hermitovy polynomy.
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Distribuce provázanosti separabilńımi stavy

Provázanost nelze vytvǒrit lokálńımi operacemi a klasickou

komunikaćı (LOCC). Čistý provázaný stav |φ〉AB 6= |φ〉A|χ〉B.

LOCC → Separabilńı stav: ρAB =
∑
i piρ

(i)
A ⊗ ρ

(i)
B .

Vzdálené systémy A a B lze provázat p̌reneseńım provázaného

nebo dokonce separabilńıho! systému C (Cubitt et al, PRL 03’)

Separabilńı ρABC −−−−−−→
CNOTAC

B − (AC) a C − (AB)! separabilńı,

C zasláno Bobovi −−−−−−→
CNOTBC

1

3
|φ+〉AB〈φ+| ⊗ |0〉C〈0|+

2

3
IAB ⊗ |1〉C〈1|.

Projekce |0〉C dává |φ+〉AB = 1√
2

(|00〉+ |11〉) (ebit).

Lze tento protokol demonstrovat s Gaussovskými spojitými proměnnými?



Gaussovský protokol

Krok 1: Separabilńı stav z γA,C = diag(e±2r, e∓2r), γB = I,

x̂B → x̂B + v, x̂C → x̂C + v√
2
, p̂A → p̂A− u√

2
, p̂B → p̂B + u, 〈u

2

v2〉 = 2x.

Krok 2: Dělič x̂′A,C = (x̂A ± x̂C)/
√

2, p̂′A,C = (p̂A ± p̂C)/
√

2

→ separabilita děleńı B − (AC) a C − (AB), x = (e2r − 1)/2.

Krok 3: Dělič na B a C → provázanost A a B.



Experiment
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- x̂, p̂ realizujeme polarizačńımi Stokesovými operátory.

- 〈Ŝ1〉 = 〈Ŝ2〉 = 0, 〈Ŝ3〉 � 0 → rovina Ŝ1-Ŝ2 = fázový prostor.

- Ŝθ, Ŝθ+π/2 odpov́ıdaj́ı kvadraturám x̂, p̂.

- Posunut́ı módu B je provedeno elektronicky po jeho změ̌reńı.



Výsledky mě̌reńı

Kovariančńı matice (KM) po BSAC:

γA′C′ =


20.90 1.102 −7.796 −1.679
1.102 25.30 1.000 14.63
−7.796 1.000 20.68 0.8010
−1.679 14.63 0.8010 24.65

 .

PPT kritérium:

Gaussovský stav ρ̂XY je provázaný ⇔ γXY splňuje

γ
(TY )
XY + iΩ2 ≥ 0, Ω2 =

2⊕
i=1

(
0 1
−1 0

)
.

γ
(TY )
XY - matice částečně transponovaného stavu.

Vlastńı č́ısla: 39.84,28.47,13.85,9.371 ⇒ C′ je separabilńı.



KM γA′B′ =


19.95 1.025 −4.758 −1.063
1.025 22.92 0.9699 9.153
−4.758 0.9699 9.925 0.2881
−1.063 9.153 0.2881 11.65

 .
Vlastńı č́ısla: 28.24,21.79,8.646,5.756 ⇒ A′−B′ jsou separabilńı.

Oprava na B′ → ∆2(0.42x̂A′ + x̂B′)∆2(0.42p̂A′ − p̂B′) < 1⇒ provázanost.



Děkuji!


