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Part I: Introduction



Storyline of quantum theory

The past

Quantum mechanics 
of particles 1920s Matrix/Wave 

Mechanics

The present

Quantum theory of 
fields 1970s Standard Model

The future?

Quantum theory of 
correlations? 2020- Quantum Gravity?



Surpass frameworks
For fundamental physics, we need good predictions.

Maybe theories tell us what processes are allowed

General frameworks Specific models/theories

QFT framework
global state QED, QCD, Higgs mechanism etc.

(Non-)relativistic QM framework
wave function

Relativistic quantum particle 
௔

௔
ଶ etc.

Quantum information framework ?



Surpass wave function/particle

Causality issue

x

y

Particle/
wave 

function 

Field Correlation

Spacelike 
correlations are 

perfectly fine



Challenges
• Specific theories
• Relativity
• Quantum gravity

1. Reformulate quantum field theory in terms of 
correlational quantum theory

2. New approach to QG (World Quantum Gravity)
Idea: 

Proposals



Main result – World Quantum Gravity 
(arXiv: 1909.05322)

Non-perturbative, background independent



Part II: Reformulate QFT



• Channels (Choi operators)
A, B, C, …

• Composition
A*B:=Tra[ATaB]

• Correlation 
diagram

• Composition
matching

Correlation diagram 
formalism

Hilbert space 
formalism

Who correlates 
with whom?



Correlation diagrams
• Correlation type decomposition

(Oreshkov, Costa, Brukner; …)

A= ௜௝…௞௜,௝,…,௞ ௜
௦భ

௝
௦మ

௞
௦೙

coefficients typesChoi



General correlation diagrams

• Types and coefficients
• Composition by matching

A diagrammatic paradigm 
for defining theories

Idea: correlations are mediated



Feynman diagrams as topological classes

Feynman 
diagrams+

+ ++... +…

+…=

=
Correlation 
diagrams



QFT: arbitrary decomposition

Reason:
Types and coefficients 

specified at every point

specific theories



QFTs are simple!

x

y ଵ

ଶ

௜௖
௜௦

ଶ
௔௕

௔ ௕ - proper distance

continuum 
limit

=scalar field theory
Feynman 1950; worldline formalism

Higher spin through internal dof



Correlation diagram
route

Feynman 
diagrams 

Γ
Correlation 
diagrams

γ

෍

෍
Convenient in general 
spacetimes - metric 
dependence in s

Types+
Coefficients

Convenient in 
spacetimes with 
known propagator

Compose

Manifold+Metric

(M,g)

Scalar field(M,g) 𝜙

Quantization(M,g) ∫ 𝐷𝜙

Perturbation
(M,g)

∫ 𝐷𝜙 ∑ 𝜆௜𝜙௜

Field
route

No field
No perturbation

𝐺ி Feynman 
propagator

௜ ∑ ௦ೖೖ ା௜ ∑ ௖೗೗

ఊ∈୻



How is this possible?

• Essence of QFT: correlations mediated in ST

• Reason for Feynman diagrams: correlation topology classes

• Quantum fields not necessary to capture the mediation of correlations

• Haag’s perspective: fields are coordinates (Borcher classes)
ᇱ ᇱ

• “Coordinate-free” description



Part III: World Quantum Gravity
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A2A1 Wi
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A1 A2

A1 A2

probability amplitude theory



Idea:

௔௕
௜ௌಶಹ[௚ೌ್] ௜ௌಾ[௚ೌ್,థ]

Path integral 
approach

QFT

World Quantum Gravity (WQG)

Worldline 
formalism

Van Vleck-
Morette

determinant



Why ?

±ଵ

ଶ
ଶ - Synge world function

• Simple

• Matter-friendly

• Causal structure manifest

=

=,<,>    0

What is ?



I. Topological setup (the case of local relational variables)

pairwise defined
relational

Integral expression
local

௔௕(x) – pointwise defined

Manifold

𝑔௔௕(z)

𝑦

𝑦′

𝑥

𝜎 𝑥, 𝑦

𝜎 𝑥, 𝑦′

Skeleton graph
Hypercube

(for concreteness)

௝ ௞

Algorithmic discreteness, 
not necessarily fundamental!



II. Matter amplitude (Feynman diagrams are topological classes)

x

y

Feynman diagrams

correlation diagrams

k

Scalar field is not just for scalar field!
Feynman, DeWitt, Parker…

“Worldline formalism”:
External, spacetime dof in worldline 

location;
internal dof in Grassman variables

x
y ଵ

ଶ



III. Gravity amplitude (Parker’s magic)

j

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)



IV. Main formula (breaking up propagators into modified pieces)

①Difference: Sum 
over geometry

②Gravity: Non-perturbative treatment

③ Matter: Propagators broken into pieces



Preliminary numerical 
analysis







Correlation diagram
route to physics

Feynman 
diagrams 

Γ
Correlation 
diagrams

γ

෍

෍

Types+
Coefficients

Compose

Localizing space(s)

Scalar field(M,g) 𝜙

Quantization(M,g) ∫ 𝐷𝜙

Perturbation
(M,g)

∫ 𝐷𝜙 ∑ 𝜆௜𝜙௜

“QFT”



Correlation diagram
route to physics

Correlation 
diagrams

γ

෍

Types+
Coefficients

Compose

Localizing space(s)

“QFT”

ଵ

ଶ

ଷ



Correlation diagram
route to physics

Correlation 
diagrams

γ

෍

Types+
Coefficients

Compose

Localizing space(s)

“QFT”

௜

௝

௞ “QFT”+QG



Correlation diagram
route to physics

Correlation 
diagrams

γ

෍

Types+
Coefficients

Compose

Localizing space(s)

“QFT”

௜

௝

௞ “QFT”+QG

Thank you!


