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The Schrödinger cat paradox
[Schrödinger 1935]

Quantum mechanics would predict a creature 
inside a closed box to be alive and dead at the 
same time with a superposition state!



Open quantum systems:
Real-world Schrödinger’s cat?

In addition to quantum superposition illustrated here with 
Schrödinger’s cat, particles in a box open to fluctuations develop into a 
statistical mixture of states through entanglement with environmental 
fields.



Gravitational decoherence

• Quantum nonlocality expressed in the Bell inequality, 
which has been verified to high accuracies 
[Handsteiner et al, PRL (2017)]. 

• Quantum decoherence provides a dynamical 
mechanism of quantum-to-classical transition. 

• Penrose’s gravitational decoherence relates uncertain 
time measurement from superposition states to 
instability leading to the collapse of the wavefunction 
[Penrose (1996)]. 

• Can an unprecedented macroscopic quantum 
superpositions achieved by AION provide a test of 
Penrose’s gravitational decoherence.



Quantum gravitational decoherence

• A decoherence model due to the quantum fluctuations of spacetime was given by 

[1] with quantum gravitational decoherence of a general quantum system 

formulated in [2, 3]. 

• This theory can be extended to include scalar gravitons, dilatons, and pseudo-

scalar bosons such axions.

• The results may be employed in the visibility analyse of the singles from the AION 

interferometers to infer the existence of tensor and scalar gravitons as evidence 

of low energy quantum gravity and other incoherent scalar and pseudo scalar 

bosons as evidence of ultralight dark matter that may vary stochastically.
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Cosmic structure formation via 
quantum-to-classical transition

Spontaneous decays & emissions of 

gravitational waves

Spontaneous decays & emissions of 

electromagnetic waves
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Gamma Ray Burst (NASA)

Stochastic gravitational waves from the 
early Universe & quantum gravity 

[Quinones, Oniga, Varcoe, Wang, Phys. Rev. D 96, 044018 (2017)]



• Background independent quantization of gravity free from a 
fundamental scaling ambiguity generally necessitate a set of dilaton 
scalar fields [1].

• The resulting scale-invariant universe may provide a natural 
resolution to the hierarchy problem in particle physics and inflation 
in cosmology [2].
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The End – Thank you!

Scalar fields in Dark Matter and 
Quantum Gravity


