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Abstract: <span>| discuss the behaviour of bipartite and

tripartite non-locality between fermionic entangled states shared by observers,
one of whom uniformly accelerates. Although fermionic entanglement persists for
arbitrarily large acceleration, the Bell/CHSH inequalities cannot be violated

for sufficiently large but finite acceleration. However the Svetlichny

inequality, which is a measure of genuine tripartite non-locality, can be violated
for any finite value of the acceleration.</span>
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Introduction & Motivation

What happens to entanglement between quantum states if
they are in relative motion?

Inertial Frames: P
- Entanglement is constant between inertially Alsing and Milburn
moving observers ol emipront
« Some degrees of freedom can be

transferred to others

WATERLOO

SCIENCE
| ———————
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Introduction & Motivation

What happens to entanglement between quantum states if
they are in relative motion?

Inertial Frames:

eres,Scudo and Terno

- Entanglement is constant between inertially Alsing and Milburn
. Gingrich and Adami
moving observers |

« Some degrees of freedom can be

Pachos and Solano
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Entanglement for Uniformly
Accelerated Observers
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N(p)=log,|p’ ‘ g = S(Pa)+S(Pr)=S(Paz)

Logarithmic negativity vs. ; Mutual information vs cosh(r)
*# \ acceleration parameter r

Distillable entanglement decreases
as acceleration increases
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How Robust is this Difference?

Does the surviving entanglement depend on the
choice of maximally entangled state?

— No

Does spin matter?

— Yes, but only quantitatively -- entanglement degradation is
greater but still does not vanish in the large acceleration limit

Does the number of excited modes matter?

— No for fermions -- entanglement degradation is still limited
for fermions

— Yes (weakly) for bosons -- entanglement loss depends on
the number of modes occupied

Does statistics matter?
—  Yes!

WATERLOO , . A 61, 062305 (20103

SCIENCE hys. Rev. A 8
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Relativistic Tripartite
Entanglement

« Bosonic

— Tripartite Entanglement remains finite in the infinite
acceleration limit O Aty
» 1-tangles vanish in this limit

« pi-tangle remains finite in this limit
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Relativistic Tripartite
Entanglement

« Bosonic

— Tripartite Entanglement remains finite in the infinite
acceleration limit Wi, .
« 1-tangles vanish in this limit
« pi-tangle remains finite in this limit
* Fermionic

— Tripartite Entanglement remains finite in the infinite
acceleration limit | Wang/Jing
« 1-tangles remain finite in this limit itiadhetdad st
* pi-tangle remains finite in this limit
— No bipartite entanglement generated from acceleration
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Measures of Tripartite

Entanglement
3-tangle Coffman/Kundu/ Wootters
t(¥)= Chse)~ Chim ~ Cio
C(p)=max{0,4, -1, —A,—1,} Wwhere A's are the eigenvalues of\/%
A=A, =20 [)Z(O'\@O‘\)p (a.@a\)
Problem: Only works for pure states
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Measures of Tripartite
Entanglement

3-tangle Coffman/Kundu/ Wootters
r(w):c.:\t!9<'|_C%x|f}'J _Ci‘tm Woot -l.‘l:‘.r"e 60 "H
C(p)=max{0,1,-1,- 4, -4, } where A's are the eigenvalues of |/pp
A=A 20 [)z(d\@(f\)p (a.@a\)
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Tripartite Bosonic
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Generalized Tripartite States
GGHZ state: l//,\,> = c0s6,|000)+sin@, [111)
3-tangle:
MS state:  |W,)= \/15(|()()()>+ [11)(cos6,]0)+sin6, | l)))

3-tangle:
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Generalized Tripartite States
GGHZ state: l,{/,\,> = c0s6,|000)+sin@, [111)
3-tangle:
MS state:  |¥,,s) = \/15(|()()()>+ [11)(cos6,|0)+sin6, | l)))

3-tangle:
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Bell and Svetlichny Inequalities

Bell Inequality  [(A(B+5)+A(B-5)) <2

« All pure bipartite entangled states violate Bell CHSH
« Amount of violation increases with increasing

entanglement

Svetlichny
Inequality

—
"a—"— o)

i
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" Bell/CHSH

Alice

Svetlichny

(a(B(C+C)+B/(C-C))
+A/(B(C+C)-B(C-C))|<4

SCIENC]
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" Bell/CHSH

Alice

Svetlichny
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Tripartite
Nonlocality

~  Tripartite
Entanglement

Charlie
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Singlet) v~ L (o1)=|10))

choose Y

(a(B+8)+a(B-B))
:%(l+c052r)11+2c05}/—c052y‘

i WATE R Loo A. Smith and R.B. Mann, arXiv

SCIENCE 1107.4633 (PRA to appear) LA
See also N. Friis, P. Kohler, E. Martin-Martinez,
R Bertleman, Phys. Rev. A 84, 062111 (2011)
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Singlet) v~ L (o1)=|10))

choose Y

(a(B+5)+4(B-B))
:%(l+co.s‘2r)(l+2005}/—c052}/‘

i WATE R Loo A. Smith and R.B. Mann, arXiv-

SCIENCE 1107.4633 (PRA to appear) =
See also N. Friis, P. Kohler, E. Martin-Martinez,
R Bertleman, Phys. Rev. A 84, 062111 (2011)
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Fermionic GGHZ Entanglement and Nonlocality
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Fermionic MS Entanglement
i )= %(\()()()%L [11)(cos6,|0) +sin6; |1)))

Always finite in the infinite

acceleration limit Always finite in the infinite
WATERLOO acceleration limit
SCIENCE
E—
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-Fermionic MS Non-locality
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Bosonic GGHZ Nonlocality

* Infinite number of mode excitations
* Truncate to a 2-level system - expect results to be
qualitatively similar to actual case

Nas ™ = Sy

r—

= .

b
0 1 4

J. Leon, E. Martin-Martinez
Phys.Rev.A81:032320,2010

WATE R Loo P. Corona-Ugalde, E. Martin-

SCIENCE Martinez, R. Mann (in progress)
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Tripartite Bosonic Squeezed
State Entanglement

Aod gl sau »N

Alice, Bob & Charlie share 2-mode squeezed states

la,.a) |=3, \‘M),,: 5)/0), ®10). (j(x):c,\'}{%(g:a;a,u,)}
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Tripartite Bosonic Squeezed
State Entanglement

[Grangier, Science 332 (6027) 313-314]
M\l ,N » 1 \“k

Alice, Bob & Charlie share 2-mode squeezed states
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lowest frequency modes S =S(B)S(A)

2> =

=SS IS

RR AR RR

q)

Bipartite case =S T8 @(-ﬁ
. AB™4™~ AB
« Entanglement vanishes between

S.=S(R)S(A)®I.
=1, ®S(R)S(R)
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Bipartite case =8 LS @(-ﬁ
AB™4
« Entanglement vanishes between

lowest frequency modes S =S(B)S(A)
* Inertial entanglement redistributed

into multipartite quantum S SIS @)
correlations amongst accessible RRO AR 49 RR | G

and inaccessible modes Sx=S(R)S(A)®I,

S =1, ®S(R)S(R)

* One accelerated observer
- Entanglement redistributed in tripartite correlations
- Classical correlations unaffected in tripartite correlations

« Two accelerated observers
- Entanglement redistributed in quatrapartite correlations
- Entanglement vanishes completely at finite acceleratlon
- Classical correlations degraded Adesso/Fuentes/Ericssor
WATERLOO R
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Bipartite case T @(-ﬁ
AB™4
« Entanglement vanishes between

lowest frequency modes S =S(B)S(A)
* Inertial entanglement redistributed

into multipartite quantum S SIS T
correlations amongst accessible RRO AR 4O RR | G

and inaccessible modes Sx=S(R)S(A)®I,

S =1, ®S(R)S(R)

* One accelerated observer
- Entanglement redistributed in tripartite correlations
- Classical correlations unaffected in tripartite correlations

« Two accelerated observers
- Entanglement redistributed in quatrapartite correlations
- Entanglement vanishes completely at finite acceleratlon
- Classical correlations degraded Adesso/Fuentes/Ericssor
WATERLOO R

SCIENCE
| T ———————

Pirsa: 12060042 Page 38/44



Tripartite case
Inertial
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Quantifying Entanglement

ReS|duaI Entanglement

CKW _ E(0,, )= 0o E(o, )~ 3 E(0,)=Y(c,)

Inequality ) P

Contangle

T(Gn./) = ’»(’”1/)
glx)= (sinh i(\m))
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1x(Rest) Mgy
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Residual Quatra-partite Entanglement

{sinh ](J(E(coshasinhr'sinhr): + cosh 2;‘)_ -1 } -4r* r<r

PR TS :{ coshesinh2a J
a” —sin

(cosheccosha)™ —sinh” a

coshccosha T
coshr =

(sinhccosha)” +1 Fiod

Saturates at finite r

a=72.5
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Summary

« Relativistic Tripartite Entanglement
— degrades less than bipartite entanglement
— Residual contangle saturates at finite acceleration

» Relativistic Tripartite Nonlocality
— Correlated with Tripartite Entanglement

— Persists to arbitrarily large accelerations for
fermions, unlike its bipartite counterpart

— (Truncated) bosonic non-locality vanishes for finite
accelerations
WATERLOO

SCIENCE
| ————————
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