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a framework for a quantum gravity path integral

Why a path integral ?
Intuitive and effective framework for QM
Clear understanding of quantum -> classical
Operational formulation of QFT amplitudes and renormalisation 
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a framework for a quantum gravity path integral

What path integral ?

Quantum 
geometries

Quantum 
measure

Quantum 
amplitudes
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Quantum boundary 
condition

- Background independent (bridge between backgrounds)

- Symmetry under (quantum) diffeomorphisms

- Recover manifolds and GR (and QFT) in suitable limits

Quantum superposition of quantum probability
amplitudes for quantized geometries
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a framework for a quantum gravity path integral

How to define a path integral ? Discretize it !

Consistent with intuition of
universal minimal length scale
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a framework for a quantum gravity path integral

How to define a path integral ? Discretize it !

Space-time
foam

Spin network
dynamics

SPIN FOAM
Named by John C. Baez (1999)
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a framework for a quantum gravity path integral

How to define a path integral ? Discretize it !

Loop Quantum
Gravity

SPIN FOAM
Baez 99
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Loop Quantum Gravity :

Canonical Quantization of General Relativity as a Gauge Field Theory

No need for modified gravity, 
or specific matter content

Identification of d.o.f.s, 
Straightforward quantization 
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A conservative,
yet versatile,

approach
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Tetrad gives
local vector basis
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Loop Quantum Gravity :

Canonical Quantization of General Relativity as a Gauge Field Theory

No need for modified gravity, 
or specific matter content

Identification of d.o.f.s, 
Straightforward quantization 
respecting the symmetries

A conservative,
yet versatile,

approach

Cartan formulation

S
⇥
eIµ,!

IJ
µ

⇤
=

Z

M
✏IJKLe

I ^ eJ ^ FKL[!]

gµ⌫ = eIµeI⌫

Connection gives
transport of tetrad

Tetrad gives
local vector basis

- Invariant under 4d Diffeomorphisms

- Invariant under local Lorentz transformations
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- Quantum states as in lattice gauge theory :

- But allows dynamical superpositions of networks !

- Dressed with spins & intertwiners

Networks of connection

Spin Networks

s

I

- Spins give discrete spectra of 2d areas

- Intertwiners give discrete spectra of 3d volumes

Quantum numbers with 
geometrical interpretation :
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Loop Quantum Gravity :

Canonical Quantization of General Relativity as a Gauge Field Theory

- Look at evolution of spatial slice in time

- Quantum states as in lattice gauge theory :

- But allows dynamical superpositions of networks !

- Dressed with spins & intertwiners

Networks of connection

Spin Networks

Quantum volumes glued by quanta of area !

- Spins give discrete spectra of 2d areas

- Intertwiners give discrete spectra of 3d volumes

Quantum numbers with 
geometrical interpretation :

What about dynamics ?
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Loop Quantum Gravity :

Canonical Quantization of General Relativity as a Gauge Field Theory

Spin Networks describe quantized transport on 3d slice

Quantum volumes glued by quanta of area !

Spinfoam : Defines transition amplitudes between spin networks

Links evolve along surfaces.
Nodes evolve along edges.

Vertices, where graph changes, 
are space-time events

Space-time from
Bubbles of Spin
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Loop Quantum Gravity :

Canonical Quantization of General Relativity as a Gauge Field Theory

Spin Networks describe quantized transport on 3d slice

Quantum volumes glued by quanta of area !

Spinfoam : Defines transition amplitudes between spin networks

by assigning local probability amplitude to 
each space-time event, i.e. spinfoam vertex
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a framework for a quantum gravity path integral

How to define a path integral ? Discretize it !

Loop Quantum
Gravity

SPIN FOAM
Baez 99

TQFT,
State-sums

Reisenberger-Rovelli 96

Barrett-Crane 97,99

Markpoulou-Smolin 97

Baez-Barrett 99

2 complementary methods to construct
Spinfoam models
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Full theory exactly captured by discretization

T for Topological
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Why TQFT ? Local field theory with no local d.o.f.s.

Full theory exactly captured by discretization

Convergence of methods : topological invariants, Atiyah axioms, BRST quantisation, …, Spinfoams !

Gravity is a TQFT ?
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Why TQFT ? Local field theory with no local d.o.f.s.

Full theory exactly captured by discretization

Convergence of methods : topological invariants, Atiyah axioms, BRST quantisation, …, Spinfoams !

Gravity is a TQFT ?
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Why TQFT ? Local field theory with no local d.o.f.s.

Full theory exactly captured by discretization

Convergence of methods : topological invariants, Atiyah axioms, BRST quantisation, …, Spinfoams !

Gravity is a TQFT ?
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Why TQFT ? Local field theory with no local d.o.f.s.

Full theory exactly captured by discretization

Convergence of methods : topological invariants, Atiyah axioms, BRST quantisation, …, Spinfoams !

Gravity is a TQFT ?
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- BF is a theory of flat curvature : TQFT

- Constraints on B relaxe flatness and give back gravitational waves
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<latexit sha1_base64="5zKnsiV/A0DQNIf7CspWvdpFD4w=">AAACBXicbVDLSgMxFM3UV62vqktdBIsgWMqM+MJV0Y3LCvYBnaFk0rQNzSRDckcopRs3/oobF4q49R/c+Tdm2i609UDCyTn3cnNPGAtuwHW/nczC4tLySnY1t7a+sbmV396pGZVoyqpUCaUbITFMcMmqwEGwRqwZiULB6mH/JvXrD0wbruQ9DGIWRKQreYdTAlZq5feP/aJfxFRJA5pwCSZ9K5ne1618wS25Y+B54k1JAU1RaeW//LaiScQkUEGMaXpuDMGQaOBUsFHOTwyLCe2TLmtaKknETDAcbzHCh1Zp447S9kjAY/V3x5BExgyi0FZGBHpm1kvF/7xmAp3LYMhlnACTdDKokwgMCqeR4DbXjIIYWEKo5vavmPaIJhRscDkbgje78jypnZS889LZ3WmhfDWNI4v20AE6Qh66QGV0iyqoiih6RM/oFb05T86L8+58TEozzrRnF/2B8/kDMDyXFw==</latexit>

+ constraints on B



Discrete path integral for BF theory as a TQFT

TUG 2024: The Way of the Spinfoam - E. Livine

Why TQFT ? Local field theory with no local d.o.f.s.

Full theory exactly captured by discretization

Convergence of methods : topological invariants, Atiyah axioms, BRST quantisation, …, Spinfoams !

Gravity is a TQFT ?
<latexit sha1_base64="AbE0TxVyMZyguaOSsdxz/OBWKtg=">AAACGnicbVDLSgMxFM3UV62vqks3wSJUkDIjvhCEgiAuK9oHzAwlk7nThmYeJBmllH6HG3/FjQtF3Ikb/8a0nYW2HggczjmX3Hu8hDOpTPPbyM3NLywu5ZcLK6tr6xvFza2GjFNBoU5jHouWRyRwFkFdMcWhlQggoceh6fUuR37zHoRkcXSn+gm4IelELGCUKC21i9atDQdOHEKHuBcOixR2pCKiDM4D+B3AsJ+RKztLtYsls2KOgWeJlZESylBrFz8dP6ZpCJGinEhpW2ai3AERilEOw4KTSkgI7ZEO2JpGJATpDsanDfGeVnwcxEI/vdxY/T0xIKGU/dDTyZCorpz2RuJ/np2q4MwdsChJFUR08lGQcqxiPOoJ+0wAVbyvCaGC6V0x7RJBqNJtFnQJ1vTJs6RxWLFOKsc3R6XqeVZHHu2gXVRGFjpFVXSNaqiOKHpEz+gVvRlPxovxbnxMojkjm9lGf2B8/QANtKBA</latexit>

S[e,!] =

Z
?(e ^ e) ^ F [!]

- BF is a theory of flat curvature : TQFT

- Constraints on B relaxe flatness and give back gravitational waves

- Can quantize BF exactly

- Then impose constraints on path integral (like filling a sea of defects)

<latexit sha1_base64="iHsfvWV3FUeaFfYMooz7Fp2rNjc=">AAACC3icbVDJSgNBEO1xjXEb9eilSRA8SJgRNwQhRBCPEc0CM0Po6VSSJj0L3T1KGHL34q948aCIV3/Am39jJ5mDJj4oeLxXRVU9P+ZMKsv6NubmFxaXlnMr+dW19Y1Nc2u7LqNEUKjRiEei6RMJnIVQU0xxaMYCSOBzaPj9y5HfuAchWRTeqUEMXkC6IeswSpSWWmbh1qkcuFEAXeJduCxUuOI+QLsL+MrJ5JZZtErWGHiW2BkpogzVlvnltiOaBBAqyomUjm3FykuJUIxyGObdREJMaJ90wdE0JAFILx3/MsR7WmnjTiR06WvG6u+JlARSDgJfdwZE9eS0NxL/85xEdc68lIVxoiCkk0WdhGMV4VEwuM0EUMUHmhAqmL4V0x4RhCodX16HYE+/PEvqhyX7pHR8c1Qsn2dx5NAuKqB9ZKNTVEbXqIpqiKJH9Ixe0ZvxZLwY78bHpHXOyGZ20B8Ynz97v5oQ</latexit>

S[B,!] =

Z
B ^ F [!]

<latexit sha1_base64="5zKnsiV/A0DQNIf7CspWvdpFD4w=">AAACBXicbVDLSgMxFM3UV62vqktdBIsgWMqM+MJV0Y3LCvYBnaFk0rQNzSRDckcopRs3/oobF4q49R/c+Tdm2i609UDCyTn3cnNPGAtuwHW/nczC4tLySnY1t7a+sbmV396pGZVoyqpUCaUbITFMcMmqwEGwRqwZiULB6mH/JvXrD0wbruQ9DGIWRKQreYdTAlZq5feP/aJfxFRJA5pwCSZ9K5ne1618wS25Y+B54k1JAU1RaeW//LaiScQkUEGMaXpuDMGQaOBUsFHOTwyLCe2TLmtaKknETDAcbzHCh1Zp447S9kjAY/V3x5BExgyi0FZGBHpm1kvF/7xmAp3LYMhlnACTdDKokwgMCqeR4DbXjIIYWEKo5vavmPaIJhRscDkbgje78jypnZS889LZ3WmhfDWNI4v20AE6Qh66QGV0iyqoiih6RM/oFb05T86L8+58TEozzrRnF/2B8/kDMDyXFw==</latexit>

+ constraints on B



Discrete path integral for BF theory as a TQFT

TUG 2024: The Way of the Spinfoam - E. Livine

Why TQFT ? Local field theory with no local d.o.f.s.

Full theory exactly captured by discretization

Convergence of methods : topological invariants, Atiyah axioms, BRST quantisation, …, Spinfoams !

Gravity is a TQFT ?
<latexit sha1_base64="AbE0TxVyMZyguaOSsdxz/OBWKtg=">AAACGnicbVDLSgMxFM3UV62vqks3wSJUkDIjvhCEgiAuK9oHzAwlk7nThmYeJBmllH6HG3/FjQtF3Ikb/8a0nYW2HggczjmX3Hu8hDOpTPPbyM3NLywu5ZcLK6tr6xvFza2GjFNBoU5jHouWRyRwFkFdMcWhlQggoceh6fUuR37zHoRkcXSn+gm4IelELGCUKC21i9atDQdOHEKHuBcOixR2pCKiDM4D+B3AsJ+RKztLtYsls2KOgWeJlZESylBrFz8dP6ZpCJGinEhpW2ai3AERilEOw4KTSkgI7ZEO2JpGJATpDsanDfGeVnwcxEI/vdxY/T0xIKGU/dDTyZCorpz2RuJ/np2q4MwdsChJFUR08lGQcqxiPOoJ+0wAVbyvCaGC6V0x7RJBqNJtFnQJ1vTJs6RxWLFOKsc3R6XqeVZHHu2gXVRGFjpFVXSNaqiOKHpEz+gVvRlPxovxbnxMojkjm9lGf2B8/QANtKBA</latexit>

S[e,!] =

Z
?(e ^ e) ^ F [!]

- BF is a theory of flat curvature : TQFT

- Constraints on B relaxe flatness and give back gravitational waves

- Can quantize BF exactly

- Then impose constraints on path integral (like filling a sea of defects)

… Spinfoams !

<latexit sha1_base64="iHsfvWV3FUeaFfYMooz7Fp2rNjc=">AAACC3icbVDJSgNBEO1xjXEb9eilSRA8SJgRNwQhRBCPEc0CM0Po6VSSJj0L3T1KGHL34q948aCIV3/Am39jJ5mDJj4oeLxXRVU9P+ZMKsv6NubmFxaXlnMr+dW19Y1Nc2u7LqNEUKjRiEei6RMJnIVQU0xxaMYCSOBzaPj9y5HfuAchWRTeqUEMXkC6IeswSpSWWmbh1qkcuFEAXeJduCxUuOI+QLsL+MrJ5JZZtErWGHiW2BkpogzVlvnltiOaBBAqyomUjm3FykuJUIxyGObdREJMaJ90wdE0JAFILx3/MsR7WmnjTiR06WvG6u+JlARSDgJfdwZE9eS0NxL/85xEdc68lIVxoiCkk0WdhGMV4VEwuM0EUMUHmhAqmL4V0x4RhCodX16HYE+/PEvqhyX7pHR8c1Qsn2dx5NAuKqB9ZKNTVEbXqIpqiKJH9Ixe0ZvxZLwY78bHpHXOyGZ20B8Ynz97v5oQ</latexit>

S[B,!] =

Z
B ^ F [!]

<latexit sha1_base64="5zKnsiV/A0DQNIf7CspWvdpFD4w=">AAACBXicbVDLSgMxFM3UV62vqktdBIsgWMqM+MJV0Y3LCvYBnaFk0rQNzSRDckcopRs3/oobF4q49R/c+Tdm2i609UDCyTn3cnNPGAtuwHW/nczC4tLySnY1t7a+sbmV396pGZVoyqpUCaUbITFMcMmqwEGwRqwZiULB6mH/JvXrD0wbruQ9DGIWRKQreYdTAlZq5feP/aJfxFRJA5pwCSZ9K5ne1618wS25Y+B54k1JAU1RaeW//LaiScQkUEGMaXpuDMGQaOBUsFHOTwyLCe2TLmtaKknETDAcbzHCh1Zp447S9kjAY/V3x5BExgyi0FZGBHpm1kvF/7xmAp3LYMhlnACTdDKokwgMCqeR4DbXjIIYWEKo5vavmPaIJhRscDkbgje78jypnZS889LZ3WmhfDWNI4v20AE6Qh66QGV0iyqoiih6RM/oFb05T86L8+58TEozzrRnF/2B8/kDMDyXFw==</latexit>

+ constraints on B



The EPRL spinfoam vertex

TUG 2024: The Way of the Spinfoam - E. Livine

Why TQFT ? Local field theory with no local d.o.f.s.

Full theory exactly captured by discretization

Gravity as a quasi-TQFT :
<latexit sha1_base64="iHsfvWV3FUeaFfYMooz7Fp2rNjc=">AAACC3icbVDJSgNBEO1xjXEb9eilSRA8SJgRNwQhRBCPEc0CM0Po6VSSJj0L3T1KGHL34q948aCIV3/Am39jJ5mDJj4oeLxXRVU9P+ZMKsv6NubmFxaXlnMr+dW19Y1Nc2u7LqNEUKjRiEei6RMJnIVQU0xxaMYCSOBzaPj9y5HfuAchWRTeqUEMXkC6IeswSpSWWmbh1qkcuFEAXeJduCxUuOI+QLsL+MrJ5JZZtErWGHiW2BkpogzVlvnltiOaBBAqyomUjm3FykuJUIxyGObdREJMaJ90wdE0JAFILx3/MsR7WmnjTiR06WvG6u+JlARSDgJfdwZE9eS0NxL/85xEdc68lIVxoiCkk0WdhGMV4VEwuM0EUMUHmhAqmL4V0x4RhCodX16HYE+/PEvqhyX7pHR8c1Qsn2dx5NAuKqB9ZKNTVEbXqIpqiKJH9Ixe0ZvxZLwY78bHpHXOyGZ20B8Ynz97v5oQ</latexit>

S[B,!] =

Z
B ^ F [!]

<latexit sha1_base64="5zKnsiV/A0DQNIf7CspWvdpFD4w=">AAACBXicbVDLSgMxFM3UV62vqktdBIsgWMqM+MJV0Y3LCvYBnaFk0rQNzSRDckcopRs3/oobF4q49R/c+Tdm2i609UDCyTn3cnNPGAtuwHW/nczC4tLySnY1t7a+sbmV396pGZVoyqpUCaUbITFMcMmqwEGwRqwZiULB6mH/JvXrD0wbruQ9DGIWRKQreYdTAlZq5feP/aJfxFRJA5pwCSZ9K5ne1618wS25Y+B54k1JAU1RaeW//LaiScQkUEGMaXpuDMGQaOBUsFHOTwyLCe2TLmtaKknETDAcbzHCh1Zp447S9kjAY/V3x5BExgyi0FZGBHpm1kvF/7xmAp3LYMhlnACTdDKokwgMCqeR4DbXjIIYWEKo5vavmPaIJhRscDkbgje78jypnZS889LZ3WmhfDWNI4v20AE6Qh66QGV0iyqoiih6RM/oFb05T86L8+58TEozzrRnF/2B8/kDMDyXFw==</latexit>

+ constraints on B

Let’s spinfoam it !



The EPRL spinfoam vertex

TUG 2024: The Way of the Spinfoam - E. Livine

Why TQFT ? Local field theory with no local d.o.f.s.

Full theory exactly captured by discretization

Gravity as a quasi-TQFT :
<latexit sha1_base64="iHsfvWV3FUeaFfYMooz7Fp2rNjc=">AAACC3icbVDJSgNBEO1xjXEb9eilSRA8SJgRNwQhRBCPEc0CM0Po6VSSJj0L3T1KGHL34q948aCIV3/Am39jJ5mDJj4oeLxXRVU9P+ZMKsv6NubmFxaXlnMr+dW19Y1Nc2u7LqNEUKjRiEei6RMJnIVQU0xxaMYCSOBzaPj9y5HfuAchWRTeqUEMXkC6IeswSpSWWmbh1qkcuFEAXeJduCxUuOI+QLsL+MrJ5JZZtErWGHiW2BkpogzVlvnltiOaBBAqyomUjm3FykuJUIxyGObdREJMaJ90wdE0JAFILx3/MsR7WmnjTiR06WvG6u+JlARSDgJfdwZE9eS0NxL/85xEdc68lIVxoiCkk0WdhGMV4VEwuM0EUMUHmhAqmL4V0x4RhCodX16HYE+/PEvqhyX7pHR8c1Qsn2dx5NAuKqB9ZKNTVEbXqIpqiKJH9Ixe0ZvxZLwY78bHpHXOyGZ20B8Ynz97v5oQ</latexit>

S[B,!] =

Z
B ^ F [!]

<latexit sha1_base64="5zKnsiV/A0DQNIf7CspWvdpFD4w=">AAACBXicbVDLSgMxFM3UV62vqktdBIsgWMqM+MJV0Y3LCvYBnaFk0rQNzSRDckcopRs3/oobF4q49R/c+Tdm2i609UDCyTn3cnNPGAtuwHW/nczC4tLySnY1t7a+sbmV396pGZVoyqpUCaUbITFMcMmqwEGwRqwZiULB6mH/JvXrD0wbruQ9DGIWRKQreYdTAlZq5feP/aJfxFRJA5pwCSZ9K5ne1618wS25Y+B54k1JAU1RaeW//LaiScQkUEGMaXpuDMGQaOBUsFHOTwyLCe2TLmtaKknETDAcbzHCh1Zp447S9kjAY/V3x5BExgyi0FZGBHpm1kvF/7xmAp3LYMhlnACTdDKokwgMCqeR4DbXjIIYWEKo5vavmPaIJhRscDkbgje78jypnZS889LZ3WmhfDWNI4v20AE6Qh66QGV0iyqoiih6RM/oFb05T86L8+58TEozzrRnF/2B8/kDMDyXFw==</latexit>

+ constraints on B

BF discretized on
space-time triangulation

- space-time from 4-simplices glued together
- B field discretized on 2-cells
- Connection discretized across 3-cells
- action discretized on 4-cells

Let’s spinfoam it !



The EPRL spinfoam vertex

TUG 2024: The Way of the Spinfoam - E. Livine

Why TQFT ? Local field theory with no local d.o.f.s.

Full theory exactly captured by discretization

Gravity as a quasi-TQFT :
<latexit sha1_base64="iHsfvWV3FUeaFfYMooz7Fp2rNjc=">AAACC3icbVDJSgNBEO1xjXEb9eilSRA8SJgRNwQhRBCPEc0CM0Po6VSSJj0L3T1KGHL34q948aCIV3/Am39jJ5mDJj4oeLxXRVU9P+ZMKsv6NubmFxaXlnMr+dW19Y1Nc2u7LqNEUKjRiEei6RMJnIVQU0xxaMYCSOBzaPj9y5HfuAchWRTeqUEMXkC6IeswSpSWWmbh1qkcuFEAXeJduCxUuOI+QLsL+MrJ5JZZtErWGHiW2BkpogzVlvnltiOaBBAqyomUjm3FykuJUIxyGObdREJMaJ90wdE0JAFILx3/MsR7WmnjTiR06WvG6u+JlARSDgJfdwZE9eS0NxL/85xEdc68lIVxoiCkk0WdhGMV4VEwuM0EUMUHmhAqmL4V0x4RhCodX16HYE+/PEvqhyX7pHR8c1Qsn2dx5NAuKqB9ZKNTVEbXqIpqiKJH9Ixe0ZvxZLwY78bHpHXOyGZ20B8Ynz97v5oQ</latexit>

S[B,!] =

Z
B ^ F [!]

<latexit sha1_base64="5zKnsiV/A0DQNIf7CspWvdpFD4w=">AAACBXicbVDLSgMxFM3UV62vqktdBIsgWMqM+MJV0Y3LCvYBnaFk0rQNzSRDckcopRs3/oobF4q49R/c+Tdm2i609UDCyTn3cnNPGAtuwHW/nczC4tLySnY1t7a+sbmV396pGZVoyqpUCaUbITFMcMmqwEGwRqwZiULB6mH/JvXrD0wbruQ9DGIWRKQreYdTAlZq5feP/aJfxFRJA5pwCSZ9K5ne1618wS25Y+B54k1JAU1RaeW//LaiScQkUEGMaXpuDMGQaOBUsFHOTwyLCe2TLmtaKknETDAcbzHCh1Zp447S9kjAY/V3x5BExgyi0FZGBHpm1kvF/7xmAp3LYMhlnACTdDKokwgMCqeR4DbXjIIYWEKo5vavmPaIJhRscDkbgje78jypnZS889LZ3WmhfDWNI4v20AE6Qh66QGV0iyqoiih6RM/oFb05T86L8+58TEozzrRnF/2B8/kDMDyXFw==</latexit>

+ constraints on B

BF discretized on
space-time triangulation

- space-time from 4-simplices glued together
- B field discretized on 2-cells
- Connection discretized across 3-cells
- action discretized on 4-cells

Spinfoam
quantization

Let’s spinfoam it !

- Quantum 4-simplices glued by quantum tetrahedra
- Lorentz Spins on 2-cells
- Lorentz Intertwiners on 3-cells
- Probability amplitude for each 4-cells



The EPRL spinfoam vertex

TUG 2024: The Way of the Spinfoam - E. Livine

Why TQFT ? Local field theory with no local d.o.f.s.

Full theory exactly captured by discretization

Gravity as a quasi-TQFT :
<latexit sha1_base64="iHsfvWV3FUeaFfYMooz7Fp2rNjc=">AAACC3icbVDJSgNBEO1xjXEb9eilSRA8SJgRNwQhRBCPEc0CM0Po6VSSJj0L3T1KGHL34q948aCIV3/Am39jJ5mDJj4oeLxXRVU9P+ZMKsv6NubmFxaXlnMr+dW19Y1Nc2u7LqNEUKjRiEei6RMJnIVQU0xxaMYCSOBzaPj9y5HfuAchWRTeqUEMXkC6IeswSpSWWmbh1qkcuFEAXeJduCxUuOI+QLsL+MrJ5JZZtErWGHiW2BkpogzVlvnltiOaBBAqyomUjm3FykuJUIxyGObdREJMaJ90wdE0JAFILx3/MsR7WmnjTiR06WvG6u+JlARSDgJfdwZE9eS0NxL/85xEdc68lIVxoiCkk0WdhGMV4VEwuM0EUMUHmhAqmL4V0x4RhCodX16HYE+/PEvqhyX7pHR8c1Qsn2dx5NAuKqB9ZKNTVEbXqIpqiKJH9Ixe0ZvxZLwY78bHpHXOyGZ20B8Ynz97v5oQ</latexit>

S[B,!] =

Z
B ^ F [!]

<latexit sha1_base64="5zKnsiV/A0DQNIf7CspWvdpFD4w=">AAACBXicbVDLSgMxFM3UV62vqktdBIsgWMqM+MJV0Y3LCvYBnaFk0rQNzSRDckcopRs3/oobF4q49R/c+Tdm2i609UDCyTn3cnNPGAtuwHW/nczC4tLySnY1t7a+sbmV396pGZVoyqpUCaUbITFMcMmqwEGwRqwZiULB6mH/JvXrD0wbruQ9DGIWRKQreYdTAlZq5feP/aJfxFRJA5pwCSZ9K5ne1618wS25Y+B54k1JAU1RaeW//LaiScQkUEGMaXpuDMGQaOBUsFHOTwyLCe2TLmtaKknETDAcbzHCh1Zp447S9kjAY/V3x5BExgyi0FZGBHpm1kvF/7xmAp3LYMhlnACTdDKokwgMCqeR4DbXjIIYWEKo5vavmPaIJhRscDkbgje78jypnZS889LZ3WmhfDWNI4v20AE6Qh66QGV0iyqoiih6RM/oFb05T86L8+58TEozzrRnF/2B8/kDMDyXFw==</latexit>

+ constraints on B

BF discretized on
space-time triangulation

- space-time from 4-simplices glued together
- B field discretized on 2-cells
- Connection discretized across 3-cells
- action discretized on 4-cells

Spinfoam
quantization

Let’s spinfoam it !

Matches the structure of spin network histories !

- Quantum 4-simplices glued by quantum tetrahedra
- Lorentz Spins on 2-cells
- Lorentz Intertwiners on 3-cells
- Probability amplitude for each 4-cells



The EPRL spinfoam vertex

TUG 2024: The Way of the Spinfoam - E. Livine

Why TQFT ? Local field theory with no local d.o.f.s.

Full theory exactly captured by discretization

Gravity as a quasi-TQFT :
<latexit sha1_base64="iHsfvWV3FUeaFfYMooz7Fp2rNjc=">AAACC3icbVDJSgNBEO1xjXEb9eilSRA8SJgRNwQhRBCPEc0CM0Po6VSSJj0L3T1KGHL34q948aCIV3/Am39jJ5mDJj4oeLxXRVU9P+ZMKsv6NubmFxaXlnMr+dW19Y1Nc2u7LqNEUKjRiEei6RMJnIVQU0xxaMYCSOBzaPj9y5HfuAchWRTeqUEMXkC6IeswSpSWWmbh1qkcuFEAXeJduCxUuOI+QLsL+MrJ5JZZtErWGHiW2BkpogzVlvnltiOaBBAqyomUjm3FykuJUIxyGObdREJMaJ90wdE0JAFILx3/MsR7WmnjTiR06WvG6u+JlARSDgJfdwZE9eS0NxL/85xEdc68lIVxoiCkk0WdhGMV4VEwuM0EUMUHmhAqmL4V0x4RhCodX16HYE+/PEvqhyX7pHR8c1Qsn2dx5NAuKqB9ZKNTVEbXqIpqiKJH9Ixe0ZvxZLwY78bHpHXOyGZ20B8Ynz97v5oQ</latexit>

S[B,!] =

Z
B ^ F [!]

<latexit sha1_base64="5zKnsiV/A0DQNIf7CspWvdpFD4w=">AAACBXicbVDLSgMxFM3UV62vqktdBIsgWMqM+MJV0Y3LCvYBnaFk0rQNzSRDckcopRs3/oobF4q49R/c+Tdm2i609UDCyTn3cnNPGAtuwHW/nczC4tLySnY1t7a+sbmV396pGZVoyqpUCaUbITFMcMmqwEGwRqwZiULB6mH/JvXrD0wbruQ9DGIWRKQreYdTAlZq5feP/aJfxFRJA5pwCSZ9K5ne1618wS25Y+B54k1JAU1RaeW//LaiScQkUEGMaXpuDMGQaOBUsFHOTwyLCe2TLmtaKknETDAcbzHCh1Zp447S9kjAY/V3x5BExgyi0FZGBHpm1kvF/7xmAp3LYMhlnACTdDKokwgMCqeR4DbXjIIYWEKo5vavmPaIJhRscDkbgje78jypnZS889LZ3WmhfDWNI4v20AE6Qh66QGV0iyqoiih6RM/oFb05T86L8+58TEozzrRnF/2B8/kDMDyXFw==</latexit>

+ constraints on B

Spinfoamed as the EPRL model !

BF discretized on
space-time triangulation

- space-time from 4-simplices glued together
- B field discretized on 2-cells
- Connection discretized across 3-cells
- action discretized on 4-cells

Spinfoam
quantization

Ponzano-Regge (3d BF= 3d grav)
Turaev-Viro (3d with cosmo cst)
Crane-Yetter (4d BF)
Barrett-Crane (1st try for 4d grav)
Engle-Pereira-Rovelli-Livine

Matches the structure of spin network histories !

- Quantum 4-simplices glued by quantum tetrahedra
- Lorentz Spins on 2-cells
- Lorentz Intertwiners on 3-cells
- Probability amplitude for each 4-cells



The EPRL spinfoam vertex

TUG 2024: The Way of the Spinfoam - E. Livine

Why TQFT ? Local field theory with no local d.o.f.s.

Full theory exactly captured by discretization

Gravity as a quasi-TQFT :
<latexit sha1_base64="iHsfvWV3FUeaFfYMooz7Fp2rNjc=">AAACC3icbVDJSgNBEO1xjXEb9eilSRA8SJgRNwQhRBCPEc0CM0Po6VSSJj0L3T1KGHL34q948aCIV3/Am39jJ5mDJj4oeLxXRVU9P+ZMKsv6NubmFxaXlnMr+dW19Y1Nc2u7LqNEUKjRiEei6RMJnIVQU0xxaMYCSOBzaPj9y5HfuAchWRTeqUEMXkC6IeswSpSWWmbh1qkcuFEAXeJduCxUuOI+QLsL+MrJ5JZZtErWGHiW2BkpogzVlvnltiOaBBAqyomUjm3FykuJUIxyGObdREJMaJ90wdE0JAFILx3/MsR7WmnjTiR06WvG6u+JlARSDgJfdwZE9eS0NxL/85xEdc68lIVxoiCkk0WdhGMV4VEwuM0EUMUHmhAqmL4V0x4RhCodX16HYE+/PEvqhyX7pHR8c1Qsn2dx5NAuKqB9ZKNTVEbXqIpqiKJH9Ixe0ZvxZLwY78bHpHXOyGZ20B8Ynz97v5oQ</latexit>

S[B,!] =

Z
B ^ F [!]

<latexit sha1_base64="5zKnsiV/A0DQNIf7CspWvdpFD4w=">AAACBXicbVDLSgMxFM3UV62vqktdBIsgWMqM+MJV0Y3LCvYBnaFk0rQNzSRDckcopRs3/oobF4q49R/c+Tdm2i609UDCyTn3cnNPGAtuwHW/nczC4tLySnY1t7a+sbmV396pGZVoyqpUCaUbITFMcMmqwEGwRqwZiULB6mH/JvXrD0wbruQ9DGIWRKQreYdTAlZq5feP/aJfxFRJA5pwCSZ9K5ne1618wS25Y+B54k1JAU1RaeW//LaiScQkUEGMaXpuDMGQaOBUsFHOTwyLCe2TLmtaKknETDAcbzHCh1Zp447S9kjAY/V3x5BExgyi0FZGBHpm1kvF/7xmAp3LYMhlnACTdDKokwgMCqeR4DbXjIIYWEKo5vavmPaIJhRscDkbgje78jypnZS889LZ3WmhfDWNI4v20AE6Qh66QGV0iyqoiih6RM/oFb05T86L8+58TEozzrRnF/2B8/kDMDyXFw==</latexit>

+ constraints on B

Spinfoamed as the EPRL model !

BF discretized on
space-time triangulation

- space-time from 4-simplices glued together
- B field discretized on 2-cells
- Connection discretized across 3-cells
- action discretized on 4-cells

Spinfoam

- Quantum 4-simplices glued by quantum tetrahedra
- Lorentz Spins on 2-cells
- Lorentz Intertwiners on 3-cells
- Probability amplitude for each 4-cells

quantization

Ponzano-Regge (3d BF= 3d grav)
Turaev-Viro (3d with cosmo cst)
Crane-Yetter (4d BF)
Barrett-Crane (1st try for 4d grav)
Engle-Pereira-Rovelli-Livine

Looks like a discretization of GR … like Regge calculus ?



The way of the Spinfoam

TUG 2024: The Way of the Spinfoam - E. Livine

a framework for a quantum gravity path integral

How to define a path integral ? Discretize it !

Loop Quantum
Gravity

SPIN FOAM
Baez 99

TQFT,
State-sums

Reisenberger-Rovelli 96

Barrett-Crane 97,99

Markpoulou-Smolin 97

Baez-Barrett 99

Quantized
Regge calculus

Rovelli 93
Barrett-Williams 98

Ponzano-Regge 
68

3 complementary perspectives
on Spinfoams
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Let us look at a single spinfoam vertex
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Let us look at a single spinfoam vertex : a quantum 4-simplex

= spinfoam fluctuations around flat space-time

= quantization of 4-simplex in FLAT SPACE-TIME because of
equivalence
principle
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Let us look at a single spinfoam vertex : a quantum 4-simplex

That’s the QG Equivalent of Harmonic Oscillator !

= spinfoam fluctuations around flat space-time

= quantization of 4-simplex in FLAT SPACE-TIME because of
equivalence
principle



Quantized Regge calculus

TUG 2024: The Way of the Spinfoam - E. Livine

Let us look at a single spinfoam vertex : a quantum 4-simplex

That’s the QG Equivalent of Harmonic Oscillator !

= spinfoam fluctuations around flat space-time

= quantization of 4-simplex in FLAT SPACE-TIME because of
equivalence
principle

So compute 2-pt correlation :
<latexit sha1_base64="vlrFrGercohyjCohpjsgTfyO1to=">AAACG3icbVDLSsNAFJ34tr6qLt0MFtFVScTXSiq6cKlgVWhCuJnetoOTSZiZCCXkP9z4K25cKOJKcOHfOK1ZaOuBgcM553LnnigVXBvX/XImJqemZ2bn5isLi0vLK9XVtWudZIphkyUiUbcRaBRcYtNwI/A2VQhxJPAmujsd+Df3qDRP5JXppxjE0JW8wxkYK4XVXV+A7Aqkuc9A0JMizP0zFAaKUWG78NUwGlZrbt0dgo4TryQ1UuIirH747YRlMUrDBGjd8tzUBDkow5nAouJnGlNgd9DFlqUSYtRBPrytoFtWadNOouyThg7V3xM5xFr348gmYzA9PeoNxP+8VmY6R0HOZZoZlOxnUScT1CR0UBRtc4XMiL4lwBS3f6WsBwqYsXVWbAne6Mnj5Hq37h3U9y/3ao3jso45skE2yQ7xyCFpkHNyQZqEkQfyRF7Iq/PoPDtvzvtPdMIpZ9bJHzif30dRoZQ=</latexit>

hA�A�0i



Quantized Regge calculus

TUG 2024: The Way of the Spinfoam - E. Livine

Let us look at a single spinfoam vertex : a quantum 4-simplex

That’s the QG Equivalent of Harmonic Oscillator !

= spinfoam fluctuations around flat space-time

= quantization of 4-simplex in FLAT SPACE-TIME because of
equivalence
principle

So compute 2-pt correlation :
<latexit sha1_base64="vlrFrGercohyjCohpjsgTfyO1to=">AAACG3icbVDLSsNAFJ34tr6qLt0MFtFVScTXSiq6cKlgVWhCuJnetoOTSZiZCCXkP9z4K25cKOJKcOHfOK1ZaOuBgcM553LnnigVXBvX/XImJqemZ2bn5isLi0vLK9XVtWudZIphkyUiUbcRaBRcYtNwI/A2VQhxJPAmujsd+Df3qDRP5JXppxjE0JW8wxkYK4XVXV+A7Aqkuc9A0JMizP0zFAaKUWG78NUwGlZrbt0dgo4TryQ1UuIirH747YRlMUrDBGjd8tzUBDkow5nAouJnGlNgd9DFlqUSYtRBPrytoFtWadNOouyThg7V3xM5xFr348gmYzA9PeoNxP+8VmY6R0HOZZoZlOxnUScT1CR0UBRtc4XMiL4lwBS3f6WsBwqYsXVWbAne6Mnj5Hq37h3U9y/3ao3jso45skE2yQ7xyCFpkHNyQZqEkQfyRF7Iq/PoPDtvzvtPdMIpZ9bJHzif30dRoZQ=</latexit>

hA�A�0i

- decreases in 
<latexit sha1_base64="efws71cxf4STV7Np+rELbOIu/xI=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARK2iZKb5wVdCFywr2Ae1YMpm0Dc08SO4IZezCX3HjQhG3/oY7/8a0nYW2Hrjcwzn3kpvjRoIrsKxvIzM3v7C4lF3OrayurW+Ym1s1FcaSsioNRSgbLlFM8IBVgYNgjUgy4ruC1d3+1civPzCpeBjcwSBijk+6Ae9wSkBLbXPHK7SumQByNGkHh/fJcWnYNvNW0RoDzxI7JXmUotI2v1peSGOfBUAFUappWxE4CZHAqWDDXCtWLCK0T7qsqWlAfKacZHz/EO9rxcOdUOoKAI/V3xsJ8ZUa+K6e9An01LQ3Ev/zmjF0LpyEB1EMLKCThzqxwBDiURjY45JREANNCJVc34ppj0hCQUeW0yHY01+eJbVS0T4rnt6e5MuXaRxZtIv2UAHZ6ByV0Q2qoCqi6BE9o1f0ZjwZL8a78TEZzRjpzjb6A+PzBwrElNI=</latexit>

d(�,�0)�2 Newtonian gravity !!



Quantized Regge calculus
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Let us look at a single spinfoam vertex : a quantum 4-simplex

That’s the QG Equivalent of Harmonic Oscillator !

= spinfoam fluctuations around flat space-time

= quantization of 4-simplex in FLAT SPACE-TIME because of
equivalence
principle

So compute 2-pt correlation :
<latexit sha1_base64="vlrFrGercohyjCohpjsgTfyO1to=">AAACG3icbVDLSsNAFJ34tr6qLt0MFtFVScTXSiq6cKlgVWhCuJnetoOTSZiZCCXkP9z4K25cKOJKcOHfOK1ZaOuBgcM553LnnigVXBvX/XImJqemZ2bn5isLi0vLK9XVtWudZIphkyUiUbcRaBRcYtNwI/A2VQhxJPAmujsd+Df3qDRP5JXppxjE0JW8wxkYK4XVXV+A7Aqkuc9A0JMizP0zFAaKUWG78NUwGlZrbt0dgo4TryQ1UuIirH747YRlMUrDBGjd8tzUBDkow5nAouJnGlNgd9DFlqUSYtRBPrytoFtWadNOouyThg7V3xM5xFr348gmYzA9PeoNxP+8VmY6R0HOZZoZlOxnUScT1CR0UBRtc4XMiL4lwBS3f6WsBwqYsXVWbAne6Mnj5Hq37h3U9y/3ao3jso45skE2yQ7xyCFpkHNyQZqEkQfyRF7Iq/PoPDtvzvtPdMIpZ9bJHzif30dRoZQ=</latexit>

hA�A�0i

- decreases in 

- correct tensorial structure

<latexit sha1_base64="efws71cxf4STV7Np+rELbOIu/xI=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARK2iZKb5wVdCFywr2Ae1YMpm0Dc08SO4IZezCX3HjQhG3/oY7/8a0nYW2Hrjcwzn3kpvjRoIrsKxvIzM3v7C4lF3OrayurW+Ym1s1FcaSsioNRSgbLlFM8IBVgYNgjUgy4ruC1d3+1civPzCpeBjcwSBijk+6Ae9wSkBLbXPHK7SumQByNGkHh/fJcWnYNvNW0RoDzxI7JXmUotI2v1peSGOfBUAFUappWxE4CZHAqWDDXCtWLCK0T7qsqWlAfKacZHz/EO9rxcOdUOoKAI/V3xsJ8ZUa+K6e9An01LQ3Ev/zmjF0LpyEB1EMLKCThzqxwBDiURjY45JREANNCJVc34ppj0hCQUeW0yHY01+eJbVS0T4rnt6e5MuXaRxZtIv2UAHZ6ByV0Q2qoCqi6BE9o1f0ZjwZL8a78TEZzRjpzjb6A+PzBwrElNI=</latexit>

d(�,�0)�2 Newtonian gravity !!

Graviton !!

The spinfoam graviton

Rovelli 05 
L-Speziale 06 
Bianchi-R-S 06 
Alesci 08 
B-Ding 11



Quantized Regge calculus
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Let us look at a single spinfoam vertex : a quantum 4-simplex

That’s the QG Equivalent of Harmonic Oscillator !

= spinfoam fluctuations around flat space-time

= quantization of 4-simplex in FLAT SPACE-TIME because of
equivalence
principle

So compute 2-pt correlation :
<latexit sha1_base64="vlrFrGercohyjCohpjsgTfyO1to=">AAACG3icbVDLSsNAFJ34tr6qLt0MFtFVScTXSiq6cKlgVWhCuJnetoOTSZiZCCXkP9z4K25cKOJKcOHfOK1ZaOuBgcM553LnnigVXBvX/XImJqemZ2bn5isLi0vLK9XVtWudZIphkyUiUbcRaBRcYtNwI/A2VQhxJPAmujsd+Df3qDRP5JXppxjE0JW8wxkYK4XVXV+A7Aqkuc9A0JMizP0zFAaKUWG78NUwGlZrbt0dgo4TryQ1UuIirH747YRlMUrDBGjd8tzUBDkow5nAouJnGlNgd9DFlqUSYtRBPrytoFtWadNOouyThg7V3xM5xFr348gmYzA9PeoNxP+8VmY6R0HOZZoZlOxnUScT1CR0UBRtc4XMiL4lwBS3f6WsBwqYsXVWbAne6Mnj5Hq37h3U9y/3ao3jso45skE2yQ7xyCFpkHNyQZqEkQfyRF7Iq/PoPDtvzvtPdMIpZ9bJHzif30dRoZQ=</latexit>

hA�A�0i

- decreases in 

- correct tensorial structure

<latexit sha1_base64="efws71cxf4STV7Np+rELbOIu/xI=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARK2iZKb5wVdCFywr2Ae1YMpm0Dc08SO4IZezCX3HjQhG3/oY7/8a0nYW2Hrjcwzn3kpvjRoIrsKxvIzM3v7C4lF3OrayurW+Ym1s1FcaSsioNRSgbLlFM8IBVgYNgjUgy4ruC1d3+1civPzCpeBjcwSBijk+6Ae9wSkBLbXPHK7SumQByNGkHh/fJcWnYNvNW0RoDzxI7JXmUotI2v1peSGOfBUAFUappWxE4CZHAqWDDXCtWLCK0T7qsqWlAfKacZHz/EO9rxcOdUOoKAI/V3xsJ8ZUa+K6e9An01LQ3Ev/zmjF0LpyEB1EMLKCThzqxwBDiURjY45JREANNCJVc34ppj0hCQUeW0yHY01+eJbVS0T4rnt6e5MuXaRxZtIv2UAHZ6ByV0Q2qoCqi6BE9o1f0ZjwZL8a78TEZzRjpzjb6A+PzBwrElNI=</latexit>

d(�,�0)�2 Newtonian gravity !!

Graviton !!

The spinfoam graviton

QG corrections ?

Rovelli 05 
L-Speziale 06 
Bianchi-R-S 06 
Alesci 08 
B-Ding 11

LO
Quadratic Area Regge calculus,
Classical space-time solutions
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Let us look at a single spinfoam vertex : a quantum 4-simplex

That’s the QG Equivalent of Harmonic Oscillator !

= spinfoam fluctuations around flat space-time

= quantization of 4-simplex in FLAT SPACE-TIME because of
equivalence
principle

So compute 2-pt correlation :
<latexit sha1_base64="vlrFrGercohyjCohpjsgTfyO1to=">AAACG3icbVDLSsNAFJ34tr6qLt0MFtFVScTXSiq6cKlgVWhCuJnetoOTSZiZCCXkP9z4K25cKOJKcOHfOK1ZaOuBgcM553LnnigVXBvX/XImJqemZ2bn5isLi0vLK9XVtWudZIphkyUiUbcRaBRcYtNwI/A2VQhxJPAmujsd+Df3qDRP5JXppxjE0JW8wxkYK4XVXV+A7Aqkuc9A0JMizP0zFAaKUWG78NUwGlZrbt0dgo4TryQ1UuIirH747YRlMUrDBGjd8tzUBDkow5nAouJnGlNgd9DFlqUSYtRBPrytoFtWadNOouyThg7V3xM5xFr348gmYzA9PeoNxP+8VmY6R0HOZZoZlOxnUScT1CR0UBRtc4XMiL4lwBS3f6WsBwqYsXVWbAne6Mnj5Hq37h3U9y/3ao3jso45skE2yQ7xyCFpkHNyQZqEkQfyRF7Iq/PoPDtvzvtPdMIpZ9bJHzif30dRoZQ=</latexit>

hA�A�0i

- decreases in 

- correct tensorial structure

<latexit sha1_base64="efws71cxf4STV7Np+rELbOIu/xI=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARK2iZKb5wVdCFywr2Ae1YMpm0Dc08SO4IZezCX3HjQhG3/oY7/8a0nYW2Hrjcwzn3kpvjRoIrsKxvIzM3v7C4lF3OrayurW+Ym1s1FcaSsioNRSgbLlFM8IBVgYNgjUgy4ruC1d3+1civPzCpeBjcwSBijk+6Ae9wSkBLbXPHK7SumQByNGkHh/fJcWnYNvNW0RoDzxI7JXmUotI2v1peSGOfBUAFUappWxE4CZHAqWDDXCtWLCK0T7qsqWlAfKacZHz/EO9rxcOdUOoKAI/V3xsJ8ZUa+K6e9An01LQ3Ev/zmjF0LpyEB1EMLKCThzqxwBDiURjY45JREANNCJVc34ppj0hCQUeW0yHY01+eJbVS0T4rnt6e5MuXaRxZtIv2UAHZ6ByV0Q2qoCqi6BE9o1f0ZjwZL8a78TEZzRjpzjb6A+PzBwrElNI=</latexit>

d(�,�0)�2 Newtonian gravity !!

Graviton !!

The spinfoam graviton

QG corrections ?
LO
Quadratic Area Regge calculus,
Classical space-time solutions

NLO 
Area Regge path integral,
non-Gaussian fluctuations

Rovelli 05 
L-Speziale 06 
Bianchi-R-S 06 
Alesci 08 
B-Ding 11



Quantized Regge calculus
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Let us look at a single spinfoam vertex : a quantum 4-simplex

That’s the QG Equivalent of Harmonic Oscillator !

= spinfoam fluctuations around flat space-time

= quantization of 4-simplex in FLAT SPACE-TIME because of
equivalence
principle

So compute 2-pt correlation :
<latexit sha1_base64="vlrFrGercohyjCohpjsgTfyO1to=">AAACG3icbVDLSsNAFJ34tr6qLt0MFtFVScTXSiq6cKlgVWhCuJnetoOTSZiZCCXkP9z4K25cKOJKcOHfOK1ZaOuBgcM553LnnigVXBvX/XImJqemZ2bn5isLi0vLK9XVtWudZIphkyUiUbcRaBRcYtNwI/A2VQhxJPAmujsd+Df3qDRP5JXppxjE0JW8wxkYK4XVXV+A7Aqkuc9A0JMizP0zFAaKUWG78NUwGlZrbt0dgo4TryQ1UuIirH747YRlMUrDBGjd8tzUBDkow5nAouJnGlNgd9DFlqUSYtRBPrytoFtWadNOouyThg7V3xM5xFr348gmYzA9PeoNxP+8VmY6R0HOZZoZlOxnUScT1CR0UBRtc4XMiL4lwBS3f6WsBwqYsXVWbAne6Mnj5Hq37h3U9y/3ao3jso45skE2yQ7xyCFpkHNyQZqEkQfyRF7Iq/PoPDtvzvtPdMIpZ9bJHzif30dRoZQ=</latexit>

hA�A�0i

- decreases in 

- correct tensorial structure

<latexit sha1_base64="efws71cxf4STV7Np+rELbOIu/xI=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARK2iZKb5wVdCFywr2Ae1YMpm0Dc08SO4IZezCX3HjQhG3/oY7/8a0nYW2Hrjcwzn3kpvjRoIrsKxvIzM3v7C4lF3OrayurW+Ym1s1FcaSsioNRSgbLlFM8IBVgYNgjUgy4ruC1d3+1civPzCpeBjcwSBijk+6Ae9wSkBLbXPHK7SumQByNGkHh/fJcWnYNvNW0RoDzxI7JXmUotI2v1peSGOfBUAFUappWxE4CZHAqWDDXCtWLCK0T7qsqWlAfKacZHz/EO9rxcOdUOoKAI/V3xsJ8ZUa+K6e9An01LQ3Ev/zmjF0LpyEB1EMLKCThzqxwBDiURjY45JREANNCJVc34ppj0hCQUeW0yHY01+eJbVS0T4rnt6e5MuXaRxZtIv2UAHZ6ByV0Q2qoCqi6BE9o1f0ZjwZL8a78TEZzRjpzjb6A+PzBwrElNI=</latexit>

d(�,�0)�2 Newtonian gravity !!

Graviton !!

The spinfoam graviton

QG corrections ?
NNLO 
Discrete area/vol spectrum
SF corrections to Regge

Rovelli 05 
L-Speziale 06 
Bianchi-R-S 06 
Alesci 08 
B-Ding 11

LO
Quadratic Area Regge calculus,
Classical space-time solutions

NLO 
Area Regge path integral,
non-Gaussian fluctuations
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a framework for a quantum gravity path integral

How to define a path integral ? Discretize it !

Loop Quantum
Gravity

SPIN FOAM
Baez 99

TQFT,
State-sums

Reisenberger-Rovelli 96

Barrett-Crane 97,99

Markpoulou-Smolin 97

Baez-Barrett 99

Quantized
Regge calculus

Rovelli 93
Barrett-Williams 98

Ponzano-Regge 
68

3 complementary perspectives
on Spinfoams



3d Spinfoams : the proof-of-concept

TUG 2024: The Way of the Spinfoam - E. Livine

The Ponzano-Regge model : 
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a framework for a quantum gravity path integral

How to define a path integral ? Discretize it !

Loop Quantum
Gravity

SPIN FOAM
Baez 99

TQFT,
State-sums

Reisenberger-Rovelli 96

Barrett-Crane 97,99

Markpoulou-Smolin 97

Baez-Barrett 99

Quantized
Regge calculus

Rovelli 93
Barrett-Williams 98

Ponzano-Regge 
68

3 complementary perspectives
on Spinfoams



The way of the Spinfoam
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a framework for a quantum gravity path integral

How to define a path integral ? Discretize it !

Loop Quantum
Gravity

SPIN FOAM
Baez 99

TQFT,
State-sums

Reisenberger-Rovelli 96

Barrett-Crane 97,99

Markpoulou-Smolin 97

Baez-Barrett 99

Quantized
Regge calculus

Group Field Theory,
Tensor Models

DePietri-Freidel-Krasnov-Rovelli 99
Reisenberger-Rovelli 00

Rovelli 93
Barrett-Williams 98 Freidel 05

Boulatov 93

Ponzano-Regge 
68
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How to sum over bulk geometries ?

Define a “auxiliary” field theory such that 

Feynman diagrams
=

Spinfoam amplitudes for 4d triangulations



Non-perturbative spinfoams: Group Field Theory

TUG 2024: The Way of the Spinfoam - E. Livine

How to sum over bulk geometries ?

Define a “auxiliary” field theory such that 

Feynman diagrams
=

Spinfoam amplitudes for 4d triangulations
Field = quantum tetrahedra

Self-Interaction of tetrahedra
=

Quantum 4-simplex
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How to sum over bulk geometries ?

Define a “auxiliary” field theory such that 

Feynman diagrams
=

Spinfoam amplitudes for 4d triangulations

Group Field Theory :

- Extension of matrix and tensor models

- Non-local field theory on group manifold

- Admits quantum group symmetries 

(NCQFT)



Non-perturbative spinfoams: Group Field Theory

TUG 2024: The Way of the Spinfoam - E. Livine

How to sum over bulk geometries ?

Define a “auxiliary” field theory such that 

Feynman diagrams
=

Spinfoam amplitudes for 4d triangulations

Group Field Theory :

- Extension of matrix and tensor models

- Non-local field theory on group manifold

- Admits quantum group symmetries 

(NCQFT)

- Possible to couple matter
[Fairbairn-L, Freidel-Oriti,Girelli-L-Oriti,…]



Non-perturbative spinfoams: Group Field Theory
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How to sum over bulk geometries ?

Define a “auxiliary” field theory such that 

Feynman diagrams
=

Spinfoam amplitudes for 4d triangulations

Group Field Theory …

A useful tool ?

Can model large ensembles
of quantum 4-simplices
e.g. by mean field methods

Condensate cosmology proposal [Oriti]



The future of Spinfoam quantum gravity
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- Coarse-graining by Effective Spinfoams (area-metric gravity) [Dittrich, ..]

- Renormalization by Analytical Computations & Numerics [Han, Qu, Dona, …]

- More on Group Field Theory [Oriti, …]  

- Holographic dualities, edge modes & boundary sym alg [Livine, Freidel, …]

- Going null ? [Speziale, Wieland, …]

- Black Hole-White Hole stable Planck scale superposition [Rovelli, Vidotto, …]

- More on cosmology and effective corrections to GR [Borissova, Qu, …]

- More on matter

Some directions :
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