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Scientific Motivation



Low-energy quantum gravity
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Spacetime and fields harmoniously evolved with classical rules

GENERAL RELATIVITY

Gabriel Aguiar & George Matsas

∇"∇"Φ + %&Φ = 0
)"* + = 8-."*(+, Φ)



Spacetime and fields harmoniously evolved with quantum rules

QUANTUM GRAVITY

Gabriel Aguiar & George Matsas

Low-energy quantum gravity
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Low-energy quantum gravity

Fields evolved in a predefined spacetime with quantum rules

QUANTUM FIELD THEORY

∇"∇"Φ + %&Φ = 0
∇"∇" )* = 0

+", - = 8/0",(-, Φ)
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Low-energy quantum gravity

Backreaction of quantum fields in a classical spacetime

SEMI-CLASSICAL GRAVITY

∇"∇"Φ + %&Φ = 0
∇"∇" )* = 0

+", - = 8/0", -, Φ + 8/⟨ )0", -, )* ⟩
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Schrödinger-Newton equation
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one-electron state

Bagrami, Großardt, Donaldi, Bassi, NJP (2014)
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Schrödinger-Coulomb equation

!ℏ #
#$ % &, ( = − ℏ+

,- ∇
, % &, ( + 0123 &, ( % &, ( + 451671618 &, ( % &, (

451671618 &, ( = 9:;, <=>&⃗’ % &⃗’, ( ,

|&⃗ − &⃗’|

LEVEL Schrödinger equation Schrödinger-Coulomb equation

n=1 −13.598 eV −1.2561 eV

da Silva, Aguiar, GEAM, PRA (2023)
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one-electron state
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Schrödinger-Newton equation
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Awfully difficult to test the Schrödinger-Newton equation with stationary states
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da Silva, Aguiar, GEAM, PRA (2023)
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Probing the Schrödinger-Newton equation
in a Stern-Gerlach like experiment

Aguiar, GEAM, PRA (2024)
see also Großardt, PRD (2024)



Schrödinger-Newton equation
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One-particle state
Ytterbium crystal
[Bose et al, 2017]
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Schrödinger-Newton equation

One-particle state
Ytterbium crystal
[Bose et al, 2017]
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Aguiar, GEAM, PRA (2024)

G7 r⃗ (cos> ↑ + sin > ↓ )
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QM

Schrödinger-Newton equation

One-particle state
Ytterbium crystal
[Bose et al, 2017]
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Aguiar, GEAM, PRA (2024)

GA r⃗ (cosF ↑ + sin F ↓ )
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Schrödinger-Newton equation

One-particle state
Ytterbium crystal
[Bose et al, 2017]
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Aguiar, GEAM, PRA (2024)
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Features of Semiclassical Gravity 

GENERAL RELATIVITY

Gabriel Aguiar & George Matsas

∇"∇"Φ + %&Φ = 0
)"* + = 8-."*(+, Φ)
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Features of Semiclassical Gravity 
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QUANTUM GRAVITY

Gabriel Aguiar & George Matsas
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SEMI-CLASSICAL GRAVITY

Features of Semiclassical Gravity 

Gabriel Aguiar & George Matsas

! = 1
2 ( |'(, '⟩ + ', '( )

'( '( = ' ' = 1, '( ' = 0



22/09/2024 18

QUANTUM GRAVITY

Features of Semiclassical Gravity 
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Gabriel Aguiar & George Matsas


