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Abstract
A new approach of quantum gravity based on the world function (invariant distance) is pre-
sented. The approach takes a relational scalar quantity as a basic variable, conveniently incorpo-
rates matter, and facilitates the study of quantum causal structure of spacetime. The core of the

approach is an application of Parker’s observation that under a Feynman sum, a gravitational phase
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World quantum gravity: An approach based on Synge’s world function

Ding Jia (%1 T)b%*

'Department of Applied Mathematics, University of Waterloo,
Waterloo, Ontario, N2L 3G1, Canada
2Perimeter Institute for Theoretical Physics,
Waterloo, Ontario, N2L 2Y5, Canada

Abstract
A new approach of quantum gravity based on the world function (invariant distance) is pre-
sented. The approach takes a relational scalar quantity as a basic variable, conveniently incorpo-
rates matter, and facilitates the study of quantum causal structure of spacetime. The core of the
approach is an application of Parker’s observation that under a Feynman sum, a gravitational phase
can be traded into the Van Vleck-Morette determinant — a functional of the world function. A for-

mula for quantum amplitudes of processes on quantum spacetime is obtained. Quantum gravity



A simple idea
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Path integral approach
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Main result
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Whatis g?

ds? = gabdwadxb

Why o?

o(x,y) = %f; ds?- Synge world function

gab(x) — = hmy—)x %%O’(CB,Q)

* Practical
o(x,y)=0(x,y")
* Matter-friendly
Ay — pi0 /2l—im?1
e Causal structure manifest

o =5<> 0
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Quantum causal structure - Gravity

Classical

Yab

Quantum

X = yor
X < yor

X—y
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Quantum
Time
Machines
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E.g., Black hole transition
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Quantum causal structure - Information

Hardy 2005;
Chiribella, D’Ariano, Perinotti, Valiron 2009;
Oreshkov, Costa, Brukner 2011

N :

Quantum information circuits

Theory
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Plan of talk Why ¢?

* Practica

l. Main formula o(x,y)=0(x',y")
(QFT on quantum spacetime)|

* Matter-friendly

Ay — pi0 /2l—im?1

Il. Numerical analysis * Causal structure manifest
(if time permits) |
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l. Main formula: QFT on quantum spacetime
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Non-perturbative, background independent
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Topological setup

Jap(X) — pointwise defined

Manifold
a(x,y")

Hypercube+limit
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Skeleton graph
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Algorithmic discreteness,
not necessarily fundamental!

Skeleton graph



Matter amplitude: Ay,

[' Feynman diagrams

(O+m?+ER)p(x) =0




Matter amplitude: Ay,

[' Feynman diagrams

(O4+m?+ER)p(x) =0

y correlation diagrams Feynman 1950;

o0 - “Worldline formalism”
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Matter amplitude: Ay,

[' Feynman diagrams

(O4+m?+ER)p(x) =0

y correlation diagrams

Feynman 1950;
“Worldline formalism”

G(z,y)=1 [~ (w, Iy, 0y e=im Ld]
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Gravity amplitude : Agg
(Parker 1979,

o b — 3 .+ | Bekenstein &
exp{z(g—l ™ CZR)} —— (Ald]) eXp{ZQl} Parker 1981)




Gravity amplitude : Agg
(Parker 1979,
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Gravity amplitude : Agg

(Parker 1979,
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Parker 1981)

Van Vleck-Morette determinant:

A = Cexp{— [0ds'}/s*

Measures curvature
1. Meaning: by

(Visser 1993) geodesic (de)focusing
curved spacetime
geodesic density

A=

2. World function

Alo
1/2 0(x) = o (z,y)—1
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3. Wilson line
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QFT on guantum spacetime
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II. Numerical analysis

B\« L 0.2 0.4 0.6 0.8 i

.25 4348.37 4814.91 5326.67 5832.13 6650.38 #510.83
0.5 4388.28 4858.77 s Wje Mt 1Y) 5986.14 6710.92 1518.33
0.75 4430.65 4905.33 5426.67 6043.47 6775.17 7650.82
1. 4481.73 4961.46 5488.75 6112.63 6852.69 7738.29
125 4545 .96 5032.04 5566.83 6199 .55 6950.14 7848.2
il 5 4627.45 5121 .55 5665.88 6309.83 87317 7987.72
1.75 4730.38 5234.71 5791.02 6449.14 7229.86 8163.81
2. 4870.94 5376.13 5947.45 6623.36 7425.16 8384.1




Main formula
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Main formula
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Summary arXiv: 1909.05322

* A new approach to QG

* Relational variable a(x, y)

e 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
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Thank you!



