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Motivation: fundamental or effective?
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0. FRAMEWORKS

Motivation: gravity is unlike (other?) gauge theories

Not an internal gauge
degree of freedom at
Xt

Universal geometry on
which fields live

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

Non-renormalisable
(quantum theory)




Classical-guantum gravity

Renormalisable
without Ghosts

Black hole information
problem?

Small A?
dark matter?

EXPERIMENT

Born rule & No need for
Measurement postulate

Decoherence vs
Diffusion trade-off

EXPERIMENT



Classical-quantum dynamics
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Classical-quantum dynamics

History

Semi-classical Einstein Quantum chemistry

(pathological when (negative probabilities)
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Page & Geilker (1981); Kapral review (2006);

Gisin (1989) Koopman-von Neumann (1931-32)
Simple examples Experiments!

Blanchard & Jadczyk (1994); - .

Diosi (1995): Kafri & Taylor (201.3),

Poulin (2017)’ Bose et. al. (2017),

Marletto et. al. (2017)

Kafri. Tavior. Milb (2014) Lami, Pedarnals, Plenio (2022)
afri, Taylor, Milburn :
Diosi, Tilloy (2016) 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?)




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? gquantum gravity metric (dark matter,

dark energy?)




2. GENERAL FORM OF CQ DYNAMICS

Frameworks

Quantum Mechanics

96 = —i[H, 6]

Classical Mechanics

204p) — (1 (q,p), p(q,p)}




1. SEMI-CLASSICAL EINSTEIN VS MASTER EQUATION

Semi-classical equations are pathological
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Consistent Dynamics: linear and preserve state-space (completely
positive and norm preserving)

Requires decoherence and diffusion




2. GENERAL FORM OF CQ DYNAMICS

CQ Dynamics
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Frameworks

Quantum Mechanics
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2. GENERAL FORM OF CQ DYNAMICS

Classical, qguantum, & CQ States
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PHASE SPACE
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2. GENERAL FORM OF CQ DYNAMICS

Classical, qguantum, & 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 z
1L
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2. CQ PATH INTEGRALS

Path Integrals

Quantum Mechanics
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2. CQ PATH INTEGRALS

Path Integrals

Quantum Mechanics
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2. CQ PAT

Path Integrals

Quantum Mechanics (open systems)
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Path Integrals

Quantum Mechanics (open systems)
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2. CQ PATH INTEGRALS

Path Integrals

Classical Mechanics
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2. CQ PATH INTEGRALS

Path Integral for Brownian motion

Classical Mechanics (stochastic)
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2. CQ PATH INTEGRALS

Path Integral for Stochastic Dynamics

“Equation of Motion Squared”
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2. CQ PAT

Path Integral for Stochastic GR

“Equation of Motion Squared”
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2. CQ PATH INTEGRALS

Brownian motion

Classical Mechanics (stochastic) qaf,df, qf
G=—+j(t)
m

Langevin Eqn (or Fokker-Planck, or Ito) q,l/ ) qz , qz




2. CQ PATH INTEGRALS

Q, C & CQ Path integral
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2. GENERAL FORM OF CQ DYNAMICS

Q, C & CQ Dynamics (jumps)
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2. GENERAL FORM OF CQ DYNAMICS

Q, C & CQ Dynamics (continuous)
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2. GENERAL FORM OF CQ DYNAMICS

Example of continuous master-equation
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2. GENERAL FORM OF CQ DYNAMICS

Example of continuous master-equation
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2. GENERAL FORM OF CQ DYNAMICS

Example of continuous master-equation
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4. TESTING THE QUANTUM NATURE OF GRAVITY

Decoherence vs diffusion trade-off
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4. TESTING THE QUANTUM NATURE OF GRAVITY

Decoherence vs diffusion

Feynman, Chapel Hill Conference (1957); Aharonov (~1986);
Eppley & Hannah (1977); Marletto & Vedral (2017)
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Decoherence vs diffusion

Feynman, Chapel Hill Conference (1957); Aharonov (~1986);
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Decoherence vs diffusion
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Decoherence vs diffusion
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4. TESTING THE QUANTUM NATURE OF GRAVITY

Decoherence vs diffusion

Double Slit Experiment
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4. TESTING THE QUANTUM NATURE OF GRAVITY

Decoherence vs diffusion

deriment
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3. TESTING THE QUANTUM NATURE OF GRAVITY

Figures of merit

Double Slit Ex

deriment

Gravity measurement

B ¥
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Master Equation

Diffusion Kernel

Experimental squeeze

Continuous (ultra-local)

Dy(P;x,y) =

Dy(®) = 3, " "

Do (®)6

(z,y)
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(Eqn (4

1))

Continuous (Eqn (D11) or (D13))
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Discrete (ultra-local)
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1. RENORMALIZABLE WITHOUT GHOSTS

Path Integrals

Quantum Mechanics
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1. RENORMALIZABLE WITHOUT GHOSTS

Path Integral for Brownian motion

Classical Mechanics (stochastic)
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1. RENORMALIZABLE WITHOUT GHOSTS

Main Message!
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NORMALIZABLE WITHOUT GHOSTS

No Ostrogradsky Instability
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1. RENORMALIZABLE WITHOUT GHOSTS

Path Integral for Stochastic GR

Stochastic GR vs Quadratic Gravity
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1. RENORMALIZABLE WITHOUT GHOSTS

Path Integral for Stochastic GR

Stochastic GR vs Quadratic Gravity
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2. ANOMALOUS CONTRIBUTIONS

Anomalous contribution (Brownian motion)

The most probably path (MPP)
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2. ANOMALOUS CONTRIBUTIONS

Anomalous contribution (Brownian motion)
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2. ANOMALOUS CONTRIBUTIONS

Anomalous contribution (Brownian motion)

The most probably path (MPP)
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2. ANOMALOUS CONTRIBUTIONS

Anomalous contribution (Newtonian gravity)

The most probably path (MPP)
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2. ANOMALOUS CONTRIBUTIONS

Anomalous contribution (Schwarschild-deSitter)
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Challenges

CPTP, normalisable

Local

Renormalisable in
matter sector?

Covariant

Anomalous heating



|s space-time classical?

Effective vs
fundamental vs Foil?

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



