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Goal

We want to study the effects of self-gravity on the 
quantum dynamics of a quantum system



Propagation of quantum systems in flat spacetime
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• Quantum Mechanics 

• No gravity

• Classical Mechanics

• Gravity

g



Propagation of classical systems in curved spacetime

• Classical Mechanics

• Gravity
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• Quantum Mechanics 

• No gravity

g



Propagation of quantum systems in curved spacetime?

• Quantum Mechanics

• Gravity
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g

?

Q: what is the weight of a quantum system?



Proposals for tests: interferometers
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∝ e−iωτU

∝ e−iωτD

|Ψ(τ)⟩ ∝ [ |D⟩ + e−iωΔτ |U⟩]
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Our approach

We consider a quantum system and a weak classical 
gravitational field that is quantised.



Quantising linearised gravity interacting with matter
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gμν = ημν + ϵhμν

Linearised gravity

Perturbative parameter

ϵ ≪ 1

Gravity/Matter first-order interaction

H(1)
I = −

1
2 ∫ d3x hμνTμν

Tμν

Matter Stress-Energy Tensor
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Quantize interaction

Ĥ(1)
I = −

1
2 ∫ d3x ĥμν

̂Tμν



Quantised linearised gravity interacting with matter
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Gravity/Matter first-order interaction

Ĥ(1)
I = −

1
2 ∫ d3x ĥμν

̂Tμν



Quantum system
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Objective

Q: what is the time evolution of the quantum state of the physical system?



Time evolution
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Ĥ(1)
I

̂ρ(t) = Û(t)( ̂ρS(0) ⊗ ̂ρG(0))Û†(t)

̂ρS(t) = TrG[Û(t)( ̂ρS(0) ⊗ ̂ρG(0))Û†(t)]
Reduced state of the system at time t

Û(t) = Û0(t)(1 − ϵ
i
ℏ ∫

t

0
dt′ Ĥ(1)

I (t′ ))

Perturbative time-evolution



Time evolution

16

Ĥ(1)
I

̂ρ(t) = Û(t)( ̂ρS(0) ⊗ ̂ρG(0))Û†(t)

̂ρS(t) = TrG[Û(t)( ̂ρS(0) ⊗ ̂ρG(0))Û†(t)]
Reduced state of the system at time t

Û(t) = Û0(t)(1 − iϵ/ℏ∫
t

0
dt′ Ĥ(1)

I (t′ ))

Perturbative time-evolution

Optomechanical-like Hamiltonian



Time evolution
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Ĥ(1)
ÎρS(t) = TrG[Û(t)( ̂ρS(0) ⊗ ̂ρG(0))Û†(t)]

̂ρG(0) = |0G⟩⟨0G |

Initial states for the gravitational sector

̂ρG(0) = |αG⟩⟨αG |

g

b̂ |α⟩ = α |α⟩



Time evolution
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Ĥ(1)
ÎρS(t) = TrG[Û(t)( ̂ρS(0) ⊗ ̂ρG(0))Û†(t)]

Initial states for the gravitational sector

g

SECOND order effects in the coupling FIRST order effects in the coupling



Time evolution
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Ĥ(1)
ÎρS(t) = TrG[Û(t)( ̂ρS(0) ⊗ ̂ρG(0))Û†(t)]

Non-unitary evolution of the reduced state of the system

̂ρS(0) ̂ρS(t)

Tr(( ̂ρS(t))2) ≠ Tr(( ̂ρS(0))2)



Time evolution
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Time evolution
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Ĥ(1)
ÎρS(t) = TrG[Û(t)( ̂ρS(0) ⊗ ̂ρG(0))Û†(t)]

Non-unitary evolution of the reduced state of the system

̂ρS(t)

Tr(( ̂ρS(t))2) ≠ Tr(( ̂ρS(0))2)

̂ρS(0)



Time evolution of a relativistic quantum system:


• Linearized gravity - quantised


• Initial “realistic” state of quantum system (i.e., field excitation)


• Self gravity affects evolution of quantum state of system


• Effects depend on the state of the gravitational field - e.g., 

presence of massive objects


• Work (still) in progress
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Conclusions



On the weight of entanglement [Physics Letters B 54, 182-186 (2016)] 


Self gravity affects quantum states [arXiv:2006.11768] || being upgraded
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