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Can we test if gravity is quantum?

How is shaped the gravitational field resulting from a massive superposition?

Gravitational field is in a superposition;

— .
Quantum scenario

Gravitational field is equally distributed on the superposition;
Classical scenario

We propose an experimental scheme to provide evidences in favour or
against the quantumness of gravity

* Single self-probing system
e Superposition of torsional degrees of freedom



Can we test if gravity is quantum?

Quantum probe

Gravity is quantum
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Is Gravity Quantum?
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Optomechanical measurement of the quantum probe

Gravity is classical
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The gravitational effect
is too small to be
detected




Can we test if gravity is quantum?

The Role of Gravitation in
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Gravity entangles masses

If entanglement is
measured, gravity —»
IS quantum !

LOCC - Local Operation and
Classical Communication
cannot generate Entanglement

A classical ancilla cannot
entangle S; and S,
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1797 — Cavendish probes Newton’s law




When Cavendish meets Feynman: A quantum torsion balance for testing the
quantumness of gravity 1) Cooling at low

1,2 Temperature and Pressure
——

1,2,

Matteo Carlesso, Mauro Paternostro,®* Hendrik Ulbricht,® and Angelo Bassi

3) Angular superposition 4) Decoupling spin-angular dof Spin 1 Nitrogen Vacancy ——

Nanorod
2) MW 1t/2 pulse
Spin superposition

Magnetic gradient i\g)\é\e&@}é\n

Attraction between the two parts

Classical scenario
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Decoherence vs Gravitational effect

Logqo(h [m])

-3.3 -1.3 0.7 2.7 4.7 6.7
-6 _ . . 3 -1
Best accuracy w
levitated optomechanics
-8 & 13
: :
e t iy
—_ ©
T - =
- / 5
< Best accurac x
g -10 Y __ 15
< membrane optomechanics o
5 o
S 3
-
5 2
. - E - —
Diamond 12 0.9 17
r=7.92 nm s y
L=20 um / N < « <
N~ b o
0 Il I T
- = = -
-14 - e e ' -19
-2 -1 0 1 2

Logq(t[s])




Conclusions

A test of quantumness of gravity within reach of state-of-the-art technology

* Single self-probing system

* No limitations in distances

* Gravitational interaction can be directly observed
e Superposition of torsional degrees of freedom

* Enhanced measurement precision
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