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Abstract: <span>We show that entanglement harvested from a quantum field
by interaction with local detectors undergoing anti-parallel acceleration can
be used to measure the distance of closest approach between the two detectors.
Information about the separation is stored nonlocally in the phase of the joint
state of the detectors after the interaction; a single detector alone contains
none. We model the detectors as two-level quantum systems accelerating
uniformly& nbsp; through the Minkowski vacuum

while interacting for a short time with amassless scalar field. This

interaction allows entanglement to be swapped locally from the field to the
detectors. Although each detector alone sees the same thermal spectrum (due to
Unruh radiation), the joint state between them may be entangled. In the
vicinity of acritical distance of closest approach between the detectors, the
phase of the entangled state depends sensitively on the distance. We contrast
this with the case of parallel acceleration, in which no such critical distance
exists, and we discuss the connection of this case with entanglement harvested
from an expanding universe.</span>
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» Single detector:

A= fwdrfwdr’ n(r)n(r’)e“'“(f"')D+(x(r);x(r’))

A - probability of excitation
T - propertime
Il - window function governing interaction with field
() - energygap between levels in detector
Dt - Wightman function

» Two Detectors

f dtf dt’' n(t)n(t)e-ialt+t’
TR x [D*(x, (t) xp (") + D (x, (£); x, ()]
X - amplitude for virtual particle exchange

t - coordinate time
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Criterion for entanglement

A - probability of excitation

X - amplitude for virtual particle exchange

A= [mdrfmdr’ n(On()e M =T)p* (x(1); x(1"))

J‘ dtf dt’ n(O)n(t)e= 2 (t+t")
co oo x [D* (xa (8; %, (¢)) + D* (3, (£); 24 (1))

> A
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First case - parallel acceleration

t
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First case - parallel acceleration

Entanglement between

Entanglement in Rindler inertial Minkowski
Q=E, —E, \

Unentangled
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First case - parallel acceleration

Entanglement between
Entanglementin Rindler inertial Minkowski

0=E,—E,

> R<B- S [

n.b., same as de Sitter space Unentangled
and Gibbons-Hawking
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Anti-parallel acceleration
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Entanglement based metrology
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Detecting the sign flip...

(X1x)* -X" .
o A, (4,]A,) (0, ® 0,) = —2Re(X) + 2Re((4,]4,))
i (A.|4p) Ay (o, @ 0,) = 2Re(X) + 2Re((4,|A}))

—X 1—2A4

4RE(X) e _(Gx X Gx) + (Jy X Jy)

» Perform local measurements in x or y, then
send the information to the home planet

» When the same bases were chosen, construct
an estimate for 4Re(X)

Pirsa: 12060059 Page 9/18



Detecting the sign flip...

(X1x)* -X" .
: A, (4,]A,) (0, ® 0,) = —2Re(X) + 2Re((4,]4,))
i (AqlAp) Ay (o, @ 0,) = 2Re(X) + 2Re((4,|A}))

—X 1—2A

4R8(X) - _(Ux X Gx) + (Jy X Jy)

» Perform local measurements in x or y, then
send the information to the home planet

» When the same bases were chosen, construct
an estimate for 4Re(X)
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Entanglement based metrology
X>0

X<0
2(1 — cos(ko?0))
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Entanglement based metrology
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Entanglement based metrology
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Entanglement based metrology

Many authors are
here
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Entanglement based metrology

Many authors are
here
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K
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Lcrit T
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Thank you!

« Use entanglement to probe distances in spacetime
 Critical distance at which we hit resonance

« Allow for uncertainty in distance and/or frequency

2(1 = cos(ka*M))
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Questions?
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