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A simple idea

world function
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formalism 
for matter

VVM 
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for gravity

Path integral approach



Main result

Non-perturbative, background independent
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Quantum causal structure - Gravity
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E.g., Black hole transition
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Quantum information circuits Theory

Quantum causal structure - Information

Hardy 2005; 
Chiribella, D’Ariano, Perinotti, Valiron 2009;

Oreshkov, Costa, Brukner 2011
…
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Plan of talk

I. Main formula
(QFT on quantum spacetime)

II. Numerical analysis
(if time permits)



Non-perturbative, background independent

I. Main formula: QFT on quantum spacetime
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Algorithmic discreteness, 
not necessarily fundamental!



Matter amplitude: 
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(Parker 1979, 
Bekenstein & 
Parker 1981)

Gravity amplitude : 
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(Parker 1979, 
Bekenstein & 
Parker 1981)

Gravity amplitude : 
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3. Wilson line

Van Vleck-Morette determinant:

Flat spacetime 
geodesic density

curved spacetime 
geodesic density

Measures curvature
by 

geodesic (de)focusing
1. Meaning:

2. World function

(Visser 1993)

(Parker 1979, 
Bekenstein & 
Parker 1981)

Gravity amplitude : 



①Difference: Sum 
over geometry

②Gravity: Non-perturbative treatment

③ Matter: Propagators broken into pieces

QFT on quantum spacetime



II. Numerical analysis
(Preliminary)
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Main formula



Non-perturbative, background independent

Main formula



Raychaudhuri

Approximations









Summary

• A new approach to QG
• Relational variable 
• Suitable for studying quantum causal structure
• Incorporates matter with ease
• Hopefully practical for calculations. Test by applying to:

-QG modification of matter QFT (UV regularization by smearing?)
-Black hole transitions
-Quantum cosmology

arXiv: 1909.05322
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Thank you!
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