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Breaking Strong Local Passivity
Quantum Energy Teleportation

Local energy density

Bob X
Alice

1Hotta, Phys. Rev. D., 78.045006, Aug 2008
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Breaking Strong Local Passivity
Quantum Energy Teleportation

Local energy density

/\ Bob X
¢

@
Alice i

Energy extraction (transfer)
without energy carriers.

1Hot‘ta, Phys. Rev. D., 78.045006, Aug 2008
2Hotta, J. Phys. A: Math. Theor., 43,105305 (2010)
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Breaking Strong Local Passivity
Quantum Energy Teleportation

Left modes Left & right modes
Local energy density Local energy density
/ Bob X X
‘. ° > ‘o ° >
Alice Alice Bob
® @
Measurement Measurement
information information
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Breaking Strong Local Passivity
Quantum Energy Teleportation

Left modes Left & right modes
Local energy density Local energy density
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Breaking Strong Local Passivity
Quantum Energy Teleportation
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Local energy density Local energy density
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Breaking Strong Local Passivity
Quantum Energy Teleportation

Left modes Left & right modes
Local energy density Local energy density
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So what’s the plan?

What we will do:

1-We will focus on the state of the field

2-We will focus on 3+1D
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So what’s the plan?

What we will do:

1-We will focus on the state of the field
2-We will focus on 3+1D

3-Protocol made concrete (Using atomic probes, not idealized systems)

Pirsa: 22030100 Page 43/72



Protocol

1-Alice measures the field by coupling an atom (or array fo atoms) to it
2-Alice measures her non-relativistic atom
3-Alice broadcasts the result of the measurement to an agency of Bob's

4-Bob’s agents use that information to prepare atoms and couple to the field
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Engineering negative energy densities

Preparation of states of spacetime

Engineering negative stress-energy densities with quantum energy teleportation

N. Funai, E. Martin-Martinez, Phys. Rev. D 96, 025014 (2017)
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Let’s see how effective this protocol is!

Let’s try to deliver what | promised. First with a toy model.
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A toy first: 1+1D QET stress-energy engineering

The system is initially in a separable state (qubit state |Ag), field vacuum state |0)):
[¥(t <0)) =|A0) ®[0).

Alice interacts via:

Fint =6(t)8x ® /d"‘lr)\(r)ﬁ(r).

Alice teleports her qubit to Bob, interacting via:

e =0(t — T)32 ® [ dr u(r)d(r).

LOQC variant of QET Phys. Rev. A 93, 022308 (2016)
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A toy first: 1+1D QET stress-energy engineering

The system is initially in a separable state (qubit state |Ag), field vacuum state |0)):
[¥(t < 0)) =|A0) ®[0).

When n = 2 the resulting stress-energy density is given by:

Alice's energy contribution Bob's energy contribution
- ’Xx—tz Xx+té‘r x—(t=—TN? x+(t—-T 2
o) B G NG e ) e )
4 4 4 4
2l (Ag|5,|A P.P
e oloy|Ao :
+ A0 -y [apn ) P
iy y—x+t
Right movi:; QET term
2l (Ag|5,|A P.P
e (o) 5
+ S0y (- ) N )
iy y—x—t

- T
Vo

Left moving QET term
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1+1 D QET

Energy density immediately following Alice’s interaction.

Lorentzian smearing.
<Z TOD f (il:))

0.3

0.2

Nicholas Funai Eduarde Martin-Martinez Using QET to generate exotic spacetime geometries
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1+1 D QET

Energy density after Alice’s interaction.
Lorentzian smearing.

<: T (:z:)>

o5+

Nicholas Funai Eduarde Martin-Martinez Using QET to generate exotic spacetime geometries
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1+1 D QET

Energy density after Alice’s interaction.
Lorentzian smearing.

<: T (:z:)>

015

Nicholas Funai Eduarde Martin-Martinez Using QET to generate exotic spacetime geometries
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1+1 D QET

Energy density immediately following Bob’s interaction.

Lorentzian smearing.

<: Tio s ($)>
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Nicholas Funai Eduardo Martin-Martinez Using QET to generate exotic spacetime geometries
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1+1 D QET

Energy density AT after Bob’s interaction.

Lorentzian smearing.
<Z TQ[) ; (.’L')>

0.6

S R T S LA

Nicholas Funai Eduardo Martin-Martinez Using QET to generate exotic spacetime geometries
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1+1 D QET

Energy density AT after Bob’s interaction.

Lorentzian smearing.

Nicholas Funai Eduarde Martin-Martinez Using QET to generate exotic spacetime geometries
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1+1 D QET

Energy density AT after Bob’s interaction.

Lorentzian smearing.

Negative energy density region
surrounded by positive energy

Nicholas Funai Eduarde Martin-Martinez Using QET to generate exotic spacetime geometries
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3+1D Case

Gravity needs more dimensions....

We need a distribution of Alices and a distribution of Bobs.
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3+1D Case

Gravity needs more dimensions....

We need a distribution of Alices and a distribution of Bobs.

We cannot teleport the state of Alice’s detectors to every Bob é é

NO CLONING!
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3+1D Case

Gravity needs more dimensions....

We need a distribution of Alices and a distribution of Bobs.

We cannot teleport the state of Alice’s detectors to every Bob é é

NO CLONING!

Math gets much more complicated...

DIABOLICAL
LAUGHTER
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3+1D Case

Contours of Bob's smearing Contours of Bob’s smearing
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3+1D Case

If |Ap) is an eigenstate of &, then the LOCC protocol gives the same final state (|vr)) as
LOQC, provided the final measurement &, give the same result.

LOQC
|A0> ,:I I:I a'z
0) 0, 0> )
LOCC
40 A Ao =
0) Uy 05 — lv¢)
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3+1D Case

1-Alice measures the field by coupling an atom to it
2-Alice measures her non-relativistic atom
3-Alice broadcasts the result of the measurement to an agency of Bob’s

4-Bob’s agents use that information to prepare atoms and couple to the field

Bob's energy contribution Alice's unugv contribution
o

N

~

1111,)1. [21,_,1
1671 =0 A 272 A
{ (l p] v~ N T) (I I N 2 )
. _ Il I; i
—<A0|0')_,|A0>(32”“”((1 p_nm (1311 My - ))}

\ - 5 i E 3 2 -

Ql:l term

()T (x)lw(1))

|

Pirsa: 22030100 Page 62/72



3+1 D QET

Gaussian smearing functions used.
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Nicholas Funai Eduarde Martin-Martinez Using QET to generate exotic spacetime geometries
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3+1 D QET

Energy density immediately following Alice’s interaction.

Gaussian smearing.

<Z TOO:
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Nicholas Funai Eduardo Martin-Martinez
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Using QET to generate exotic spacetime geometries
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3+1 D QET

Energy density after Alice’s interaction.

Gaussian smearing.
<: T (r)>
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3+1 D QET

Energy density after Alice’s interaction.

Gaussian smearing.

<: e (T))

15

-30-20-10 0 10 20 30

Nicholas Funai Eduardo Martin-Martinez Using QET to generate exotic spacetime geometries
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3+1 D QET

Energy density immediately prior to Bob’s interaction.

Gaussian smearing.

<: e (T))

i
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Nicholas Funai Eduardo Martin-Martinez Using QET to generate exotic spacetime geometries
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3+1 D QET

Energy density AT after to Bob’s interaction.

Gaussian smearing.
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Nicholas Funai Eduardo Martin-Martinez Using QET to generate exotic spacetime geometries
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3+1 D QET

Energy density AT after to Bob

Gaussian smearing.
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Scaling negative energy

Total amount of negative energy:
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Scaling negative energy

Total amount of negative energy:

¢E:/ )

(:f’oo(x,’r):)<0

A(x) 507 A(ox),
u(x) =02 p(ox),
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Violates quantum inequalities optimally
and saturates QI conjecture
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Summary

Almost arbitrary energy density distributions with arrays of Alices and
Bobs close to the limits of the quantum energy conditions.

Backreaction on spacetime!!
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