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Entanglement in Gosmic Inflation
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Large Scale Entanglement during Inflation
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Multipartite Entanglement of Long Wavelength Mode
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Structure of Multipartite Entanglement: Monogamy

qubit system T Hiroshima et al. 2007
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FIG. 1. (Color online) Monogamy: Two persons sharing an um- A . : > . _|_
brella are unmindful to the presence of the third person. —_— A A . )
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Test of Bell Inequality in Gosmology

ZRZRICK T B TBel~EFER BMK (Bell-Mermin-Klyshko) inequality

: N.D.Mermin 1990
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28> = 0102 4+ 010, + 0,05 — 0705,
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A.V.Belinskii and D.N.Klyshko 1993

n=273,.
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Test of BMK Inequality: de Sitter n=3,4

00b o ] oob .. ...
1.0 1.5 2.0 2.5 3.0 3.5 4.0 1.0 1.5 2.0 2.5 3.0 3.5 4.0
r r
Monte Carlo
BMK inequality (n=3,4)Dsuper horizon scale ¢D 5000 samples
BNMNREZTLS

19
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Qubit Model of Inflation



Qubit model of guantum phenomena in curved spacetimes
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Qubit model of inflation

inflation (de SitteN TOITY 7 VT ILA Y "N EZETILILT S

step £H/2n
A. Vilenkin 1983

Dispersion of inflaton fluctuation ey
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3245
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e
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Markovian bit model
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Quantum Operation (quantum channel)
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Qubit model of stochastic inflation
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1 qubit
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Summary
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e Test of Bell inequalities using qubit detectors

n=3,4: violation of Bell inequality is detected
on super horizon scales.

» Effect of multi-partite entanglement
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Test of Bell Inequality in Cosmology
Bell experiment on the CMB ?

FHESHE BE 27K §T/T ~107°
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o EFIEZEEMICH [T BBell "FERDIFEN

o pseudospin op. for continuous variable system

~ ) J. Martin and V. Viennin 2017
Sx(k) = Z (|12ng + 1) 2ng| + [2ng) (2ng + 1)) S.Kanno and J.Soda 2017
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n=0
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AZ k = 2 1 2 1 e I
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Two-mode squeezed state (Bunch-Davies vacuum)iC X L T
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G2



A

<C>}CB>/ {839 E(a.b) = (a-54 ® b-5p)

(b : §)xB

BRER, MR

o BellDfE : JEE FDIERTIAME
ry ~ 100 72 EIREMBEE U TT—ID SIERBEZHAIT S EDE
(FHEMEEDRBEININE)

ZIARE DBell CWESINZH ?

o 27 EFEZTZMICH T ZBell RERDELRDIE ?
=TI 2 AEFRE RN TV S

BEENEZE Tl 2 REFEEIFYINA L (decoherenceZ & Z AT X)

o AIEDERR : AIEX 1 EDA(?) TTILI—-hE DIRE
RIK EDER D RISERDAE IS

33



Back up

Test of Bell’s Inequality
in Gosmic Inflation



Test of Bell Inequality: Minkowski Vacuum
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Hidden Non-locality: distillation of entanglement

Entangled state

Violation of Bell

The state with no violation of Bell ineq.

BellRN N B Z TR WIRRETD,
BFTRERICBell NI R X5 2 &N H S

hidden non-locality n. Gisin 1996
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DetECtion Of h i dden non - Ioca I ity B.Reznik, A.Retzker and J.Silman 2005
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ERP) o =2 entanglement distillation D —7#&
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Test of Bell Inequality: de Sitter n=2 ¢
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