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Motivation: fundamental or effective?
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Motivation: gravity is not a gauge theory

Gauge transformations
act on Y(x), Diffs move x

Universal geometry on
which fields live

Wheeler-deWitt Egn
H(x)|y) =0

Non-renormalisable
(quantum theory)




Classical-quantum gravity

Formally
renormalisable

Black hole information
problem?

Small A?
dark matter?

EXPERIMENT

Born rule & No need for
Measurement postulate

Decoherence vs
Diffusion trade-off
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Classical-quantum dynamics

Debate
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Galley, Giacomini, Selby (2022)

Maybe

Sherry & Sudarshan (1978)
Boucher & Traschen (1988)
Kapral (1999)

Peres & Terno (2001)

Hall & Reginatto (2005)
Mattingly (2006)

Albers, Kiefer & Reginatto (2008)
Kent (2018)




Classical-quantum dynamics

H IStO ry Semi-classical Einstein

(pathological when
fluctuations are large)

Page & Geilker (1981);
Gisin (1989)

Simple examples

Blanchard & Jadczyk (1994);
Diosi (1995);
Poulin (2017);
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Diosi, Tilloy (2016)

Quantum chemistry
(negative probabilities)

Kapral review (2006);
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Experiments!
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Carney (2108.06320)




A post-quantum theory of
classical gravity?

What is the most Decoherence vs Renormalisable Anomalous
general form of Diffusion: testing without Ghosts! contribution to the
CQ dynamics? quantum gravity metric (dark matter,

dark energy?)
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CQ Dynamics
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Classical, quantum, & CQ States
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Classical, quantum, & CQ States
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M OF CQ DYNAMICS

Dynamics must be linear and preserve state-space

Must be positive positive matrix at each qg,p
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Example of continuous master-equation
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Example of continuous master-equation
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A post-quantum theory of
classical gravity?

What is the most Decoherence vs Renormalisable Anomalous
general form of Diffusion: testing without Ghosts! contribution to the
CQ dynamics? quantum gravity metric (dark matter,

dark energy?)
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Decoherence vs diffusion trade-off
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3. TESTING THE QUANTUM NATURE OF GRAVITY

Figures of merit
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Challenges

CPTP

Renormalisable

Renormalisable in
matter sector?

Covariant

Vacuum stability

GR in the classical limit



[s space-time classical?

Effective vs
fundamental vs
alternative hypothesis?

It could be

1:5000 ODDS

Information is lost but
quantum state remains
pure

DIFFUSION

Dark matter?
Dark energy?

Measurement postulate not
needed.

COHERENCE LIMIT

Decoherence vs
Diffusion trade-off

EXPERIMENT

Renormalisable w/o
Ghosts



