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What is “Entanglement Harvesting

1. Take two uncorrelated particle detectors and allow them to
locally interact with a free quantum field.
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What is “Entanglement Harvesting”?

1. Take two uncorrelated particle detectors and allow them to
locally interact with a free quantum field.

2. After some time, these two detectors will become entangled,
even if they are remain spacelike separated.

3. This entanglement has be swapped from the field to the
detectors.
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History

e Summers and Werner showed in 1985 that there are
correlations between timelike and spacelike separated regions
of a free quantum field in the vacuum state’.
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e Summers and Werner showed in 1985 that there are
correlations between timelike and spacelike separated regions
of a free quantum field in the vacuum state’.

e In 1991, Valentini showed that this entanglement can be
extracted by detectors?.

e |n 2015, Salton, Mann and Menicucci calculated the
entanglement harvested by a pair of uniformly accelerating
detectors3.

e In 2016 Pozas-Kerstjens and Martin-Martinez calculated the
entanglement for a pair of stationary detectors over a variety
of spacial profiles and switching functions®.
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What happens to entanglement harvesting when
two detectors move with a constant velocity?




The Field and the Detector

e The field is a massless scalar field, ngS(x7 t), in vacuum state,
|0).

5B. s. DeWitt, S. Hawking, and W. Israel, General Relativity: An Einstein Centenary
Survey Cambridge University Press, Cambridge, 1979.
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The Field and the Detector

e The field is a massless scalar field, gg(x, t), in vacuum state,
10).
e |t is separable with respect to global modes but entangled with
respect to local modes.

e The detectors are Unruh-DeWitt detectors®.
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e They detect a particle when they move from the ground,
e).

g)

to the excited state,
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The Interaction Hamiltonian

The detectors (A and B) are coupled to the scalar field by the

interaction Hamiltonian®

Ar=x > x(Oa(t)d(x(1),

ve{A,B}
where,

e ) is the coupling strength (weak coupling).
o x(t) = e t/(27%) is the switching function of the detectors.

A

e [i,(t) is the monopole moment of each detector.

e x,(t) is the spacetime position of each detector.

bc=h=1
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Evolution of the System

1. The detector-field system is initially in the state

po = 10) (0| ® |ga) (gal ® |gB) (88| -

2. It evolves under

U= -Texp (—i/ dtlfl,(t)>

to the final state
p=UpoUr.
3. Trace out the field to get the final state of the two detectors

1—Laa— LB 0 0 M*
0 Lan Lag 0O
0 Lpa L 0
M 0 0 0

pag = Try [p] = +O(X}).



Measuring Entanglement

The entanglement is measured through the the negativity A" (an

entanglement monotone)’.

Tr‘pTA} -1

= 2
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Measuring Entanglement

The entanglement is measured through the the negativity A" (an

entanglement monotone)’.

B Tr‘pTA} -1
N’_f.

It is, to second order in A

1
N® = 2 <EAA + Lgg — \/(ﬁAA — LgB)" + 4‘/\/”2) '

’G. Vidal, R.F. Werner, Phys. Rev. A65 (2002) 032314



Uniform Velocity

The detectors have opposite velocities (equal speeds) and pass by
each other at t = tg.

xa(t) = v(t — to) xg(t) = —v(t — tp).




Uniform Velocity

The detectors have opposite velocities (equal speeds) and pass by
each other at t = tg.

xa(t) = v(t — to) xg(t) = —v(t — tp).

This is a 141 dimensional problem, so it requires an infrared (IR)
cutoff, A.



M =

where

2 2
Laa= Ao (1-v?) / K 026102
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/\ /erf io|kl)
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Gi(k) = |k| + (1 = v*)Q £ vk, Py(k)=|k| — (1 - v>)Q=* vk.
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Negativity

logyo(N) = -3 log1o(A) = =15
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Negativity
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A — logyo(A) = -3
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Conclusions

e We found the entanglement harvested by a pair of detectors
traveling at a uniform velocity.
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Conclusions

e We found the entanglement harvested by a pair of detectors
traveling at a uniform velocity.

e There is no entanglement for very large velocities.

e For each energy gap, there is a different velocity which
maximizes the entanglement.

e As the energy gap increases more local maxima form in the
velocity curves.

e A sufficiently small IR cutoff is required to observe this extra
structure.

19



	Background
	Setup
	Results
	Conclusions

