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The way of the Spinfoam

(a Why a path integral ?
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The way of the Spinfoam

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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The way of the Spinfoam

(a What path integral ?
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The way of the Spinfoam

a framework for a quantum gravity path integral

(—r What path integral ? Quantum superposition of quantum probability
amplitudes for quantized geometries

i v
lo=h Qglo=
Quankum boumdo\rz’/
condition
Quankbum
measure Quantum
geometries Quanktum
ampli&uc&e_s

- Background independent (bridge between backgrounds)
- Symmetry under (quantum) diffeomorphisms

- Recover manifolds and GR (and QFT) in suitable limits
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The way of the Spinfoam

é? How to define a path integral ? Discretize it !
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The way of the Spinfoam

a framework for a quantum gravity path integral

(—7 How to define a path integral ? Discretize it !

Consistent with intuition of .)

universal minimal length scale
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The way of the Spinfoam

a framework for a quantum gravity path integral

(—7 How to define a path integral ? Discretize it !

Space-time Spin network
foam dynamics

SPIN FOAM
Named by John C. Baez (1999)
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The way of the Spinfoam

(—r How to define a path integral ? Discretize it !

Loop Quantum
Gravity

SPIN FOAM
Baez 99
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History formalism for Loop Quantum Gravity

(—7 Loop Quantum Gravity :

Canonical Quantization of General Relativity as a Gauge Field Theory
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History formalism for Loop Quantum Gravity

Lr 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.odfs,
Straightforward quantization
respecting the symmetries
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History formalism for Loop Quantum Gravity

(—7 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.odfs,
Straightforward quantization
respecting the symmetries

l

A conservative,
yet versatile,
approach
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History formalism for Loop Quantum Gravity

(—r Loop Quantum Gravity :

Canonical Quantization of General Relativity as a Gauge Field Theory

> »
No need for modified gravity,
or sFetE,féc: matter content Cartan formulation
Identification of d.ofs, S[BI,wIJ} _ / errrnel Ael A FEL])
Skraightforward quantization S M
respecting the symmetries / \
Tetrad gives Connection gives
l local vector basis transport of tetrad

I
Juv — euell/
A conservative,
yet versatile,

approach
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History formalism for Loop Quantum Gravity

(—7 Loop Quantum Gravity :

Canonical Quantization of General Relativity as a Gauge Field Theory

> |
No need for modified gravity,
or s[netb‘fac matter content Cartan formulation
Identification of d.ofs, S[BI,wIJ} _ / errrnel Ael A FEL])
Straightforward quantization S M
respecting the symmetries / \
Tetrad gives Connection gives
l local vector basis transport of tetrad

Juv — eiell/
A conservative,
yet versatile, - Invariant under 4d Diffeomorphisms

approach - Invariant under local Lorentz transformations
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History formalism for Loop Quantum Gravity

(—r 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 : Networks of connection

L Q))
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History formalism for Loop Quantum Gravity

(—r 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 : Networks of connection

- But allows dynamical superpositions of networks !

L Q))
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History formalism for Loop Quantum Gravity

(—r 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 : Networks of connection
- But allows dynamical superpositions of networks !

- Dressed with spins & intertwiners Spin Networks

) \\/ S
pu)
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History formalism for Loop Quantum Gravity

(—r 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 : Networks of connection
- But allows dynamical superpositions of networks !

- Dressed with spins & intertwiners Spin Networks

Quantum numbers with
geometrical interpretation :

I /N | \ |
® 1 ®
\ \/ \ - Spins give discrete spectra of 2d areas
. : - Intertwiners give discrete spectra of 3d volumes
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History formalism for Loop Quantum Gravity

(—r 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 : Networks of connection
- But allows dynamical superpositions of networks !

- Dressed with spins & intertwiners Spin Networks

Quantum numbers with
geometrical interpretation :

‘-
\ \/ \ - Spins give discrete spectra of 2d areas
/ | - Intertwiners give discrete spectra of 3d volumes
’( / Quantum volumes glued by quanta of area !
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History formalism for Loop Quantum Gravity

(—r 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 : Networks of connection
- But allows dynamical superpositions of networks !

- Dressed with spins & intertwiners Spin Networks

Quantum numbers with
geometrical interpretation :

L NgSC_'5
/—\; Y
o R B
\ \/ \ - Spins give discrete spectra of 2d areas
/ | - Intertwiners give discrete spectra of 3d volumes
-

Quantum volumes glued by quanta of area !

TUG 2024: The Way of the Spim{:cmm - &, Livine



History formalism for Loop Quantum Gravity

(—r 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 : Networks of connection
- But allows dynamical superpositions of networks !

- Dressed with spins & intertwiners Spin Networks

Quantum numbers with

5 oo
21 &%
/—N geometrical interpretation :
" w0 R M
\ \/ \ _ Spins give discrete spectra of 2d areas
/ - Intertwiners give discrete spectra of 3d volumes
.

)/ Quantum volumes glued by quanta of area !

What about dynamics ?
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History formalism for Loop Quantum Gravity

(—r Loop Quantum Gravity :

Canonical Quantization of General Relativity as a Gauge Field Theory

Quantum volumes glued by quanta of area !

-l
Q\, Q ‘A/)\ Spin Networks describe quantized transport on 3d slice
B /

Lr Spinfoam : Defines transition amplitudes between spin networks
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History formalism for Loop Quantum Gravity

(,, Loop Quantum Gravity :

Canonical Quantization of General Relativity as a Gauge Field Theory

Spin Networks describe quantized transport on 3d slice
2

&

Quantum volumes glued by quanta of area !

(—r Spinfoam : Defines transition amplitudes between spin networks

O N e R GNP
by YOS o %—‘ S
e J — RV
Links evolve along surfaces. Vertices, where graph changes, Space-time from
Nodes evolve along edges. are space-time events Bubbles of Spin



History formalism for Loop Quantum Gravity

(—7 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 !
o

(—r 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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The way of the Spinfoam

(—r How to define a path integral ? Discretize it !

Loop Quantum
Gravity

SPIN FOAM
Baez 99
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The way of the Spinfoam

(—7 How to define a path integral ? Discretize it !

33
v
)Y

.

Barrett-Crane 97,99 TQFT ------------------
'
Baez-Barrett 99

Loop Quantum

State-sums
\ / Gravity

Reisenberger-Rovelli 96

SPIN FOAM Markpoulou-Smolin 97
Baez 99

2 complementary methods to construct
Spinfoam models
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Discrete path integral for BF theory as a TQFT

(_,Why TQFT ? Local field theory with no local d.o.fs.
l <—> Full theory exactly captured by discretization

éor Topolog@
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Discrete path integral for BF theory as a TQFT

Lr Why TQFT ? Local field theory with no local d.o.fs.
<-> Full theory exactly captured by discretization

Convergence of methods : topological invariants, Atiyah axioms, BRST quantisation,
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Discrete path integral for BF theory as a TQFT

Lr Why TQFT ? Local field theory with no local d.o.fs.
<-> Full theory exactly captured by discretization

Convergence of methods : topological invariants, Atiyah axioms, BRST quantisation, ..., Spinfoams !
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Discrete path integral for BF theory as a TQFT

Lr Why TQFT ? Local field theory with no local d.o.fs.
<-> Full theory exactly captured by discretization

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

(—r Gravity is a TQFT ?

Sle,w| = /*(e/\e) A Flw]
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Discrete path integral for BF theory as a TQFT

Lr Why TQFT ? Local field theory with no local d.o.fs.
<-> Full theory exactly captured by discretization

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

(—r Gravity is a TQFT ?

S[e,w]:/*(e/\e)/\F[w] e S[B,w]:/B/\F[w]

B =x(eNe)

\‘ S‘simptwiﬁj conskrainks

on bivector field
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Discrete path integral for BF theory as a TQFT

Lr Why TQFT ? Local field theory with no local d.o.fs.
<-> Full theory exactly captured by discretization

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

(—r Gravity is a TQFT ?

Sle,w] = /*(e Ae) N Flw] S|B,w| = /B A Flw|  + constraints on B

N

S‘simptwiﬁj cownstrainks
on bivector field
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Discrete path integral for BF theory as a TQFT

(—r Why TQFT ? Local field theory with no local d.o.fs.
<—> Full theory exactly captured by discretization

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

(—r Gravity is a TQFT ?

Sle,w] = /*(e Ae) N Flw] S|B,w| = /B A Flw|  + constraints on B

N

- BF is a theory of flat curvature : TQFT

- Constraints on B relaxe flatness and give back gravitational waves

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



Discrete path integral for BF theory as a TQFT

(—r Why TQFT ? Local field theory with no local d.o.fs.
<—> Full theory exactly captured by discretization

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

(—r Gravity is a TQFT ?

Sle,w] = /*(e Ae) N Flw] S|B,w| = /B A Flw]  + constraints on B

N

- 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)
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Discrete path integral for BF theory as a TQFT

(—r Why TQFT ? Local field theory with no local d.o.fs.
<—> Full theory exactly captured by discretization

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

(—r Gravity is a TQFT ?

Sle,w] = /*(e Ae) N Flw] S|B,w| = /B A Flw]  + constraints on B

N

- 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 !
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The EPRL spinfoam vertex

Lr Why TQFT ? Local field theory with no local d.o.fs.
<-> Full theory exactly captured by discretization

(—7 Gravity as a quasi-TQFT : | S[B,w| = / B A Flw| + constraints on B

S spinfoam it !
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The EPRL spinfoam vertex

(—r Why TQFT ? Local field theory with no local d.o.fs.
<—> Full theory exactly captured by discretization

e Gravity as a quasi-TQFT : | S[B,w| = / BN Flw] 4 constraints on B

S spinfoam it !

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
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The EPRL spinfoam vertex

(—7 Why TQFT ? Local field theory with no local d.o.fs.
<—> Full theory exactly captured by discretization

e Gravity as a quasi-TQFT :  S|B,w| = / BN Flw] 4 constraints on B

Cliets spinfoam it !

PR
BF discretized on Lesgdbaital »  Spinfoam

space-time triangulation

- space-time from 4-simplices glued together -  Quantum 4-simplices glued by quantum tetrahedra
- B field discretized on 2-cells - Lorentz Spins on 2-cells

- Connection discretized across 3-cells - Lorentz Intertwiners on 3-cells

- action discretized on 4-cells - Probability amplitude for each 4-cells
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The EPRL spinfoam vertex

(—7 Why TQFT ? Local field theory with no local d.o.fs.

<—> Full theory exactly captured by discretization

e Gravity as a quasi-TQFT :  S|B,w| = / BN Flw] 4 constraints on B

Cliets spinfoam it !

: ] uantization
BF discretized on ]

space-time triangulation

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

»  Spinfoam

Quantum 4-simplices glued by quantum tetrahedra
Lorentz Spins on 2-cells

Lorentz Intertwiners on 3-cells

Probability amplitude for each 4-cells

Matches the structure of spin network histories !
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The EPRL spinfoam vertex

L Why TQFT ? Local field theory with no local d.o.fs.
<—> Full theory exactly captured by discretization

i Gravity as a quasi-TQFT :  S|B,w| = / BN Flw] 4 constraints on B

(—7 Spinfoamed as the model !

Ponzano-Regge (3d BF= 3d grav)

RaRR: Turaev-Viro (3d with cosmo cst)
: ; quantizarion : Crane-Yetter (4d BF)
BF discretized on >  Spinfoam (

+i bri +i Barrett-Crane (1st try for 4d grav)
pRdEE. e rlangula lof Engle-Pereira-Rovelli-Livine

- space-time from 4-simplices glued together -  Quantum 4-simplices glued by quantum tetrahedra
- B field discretized on 2-cells - Lorentz Spins on 2-cells

- Connection discretized across 3-cells - Lorentz Intertwiners on 3-cells

_ action discretized on 4-cells - Probability amplitude for each 4-cells

Matches the structure of spin network histories !
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The EPRL spinfoam vertex

(—7 Why TQFT ? Local field theory with no local d.o.fs.
<—> Full theory exactly captured by discretization

e Gravity as a quasi-TQFT :  S|B,w| = / BN Flw] 4 constraints on B

(—7 Spinfoamed as the model !

Ponzano-Regge (3d BF= 3d grav)

Rann Turaev-Viro (3d with cosmo cst)
: . quantizarion : Crane-Yetter (4d BF)
BF discretized on >  Spinfoam

+i bri +i Barrett-Crane (1st try for 4d grav)
pRdEE. e rmngula lof Engle-Pereira-Rovelli-Livine

- space-time from 4-simplices glued together -  Quantum 4-simplices glued by quantum tetrahedra
- B field discretized on 2-cells - Lorentz Spins on 2-cells

- Connection discretized across 3-cells - Lorentz Intertwiners on 3-cells

- action discretized on 4-cells - Probability amplitude for each 4-cells

Looks like a discretization of GR ... like Regge calculus ?
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The way of the Spinfoam

a framework for a quantum gravity path integral

(—7 How to define a path integral ? Discretize it !

Barrett-Crane 97,99 TQFT
(4
Baez-Barrett 99

Loop Quantum

State-sums
—— ! \ / Gravity

e Tasaa Reisenberger-Rovelli 96
¥ 68 SPIN FOAM Markpoulou-Smolin 97
V2 ). R | Baez 99

Quantized :
3 complementary perspectives

Regge calculus
% on Spinfoams

Rovelli 93
Barrett-Williams 98
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Quantized Regge calculus

(—r Let us look at a single spinfoam vertex
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Quantized Regge calculus

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

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

= spinfoam fluctuations around flat space-time principle
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Quantized Regge calculus

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

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

= spinfoam fluctuations around flat space-time principle

Thats the QG Equivalent of Harmonic Oscillator !
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Quantized Regge calculus

(—7 Let us look at a single spinfoam vertex : a quantum 4-simplex
= quantization of 4-simplex in FLAT SPACE-TIME — —~ because of

equivalence
= spinfoam fluctuations around flat space-time principle

Thats the QG Equivalent of Harmonic Oscillator !

So compute 2-pt correlation : (AaAa’)
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Quantized Regge calculus

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

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

= spinfoam fluctuations around flat space-time principle

Thats the QG Equivalent of Harmonic Oscillator !

So compute 2-pt correlation : (AaAa’)

_ decreases in d(A,A"Y™? —— Newtonian gravity !! @
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Quantized Regge calculus —— The spinfoam graviton

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

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

= spinfoam fluctuations around flat space-time principle

Thats the QG Equivalent of Harmonic Oscillator !

So compute 2-pt correlation : (AaAa’)

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

_ decreases in d(A,A"Y™? —— Newtonian gravity !! @

- correct tensorial structure —— Graviton !! @
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Quantized Regge calculus —— The spinfoam graviton

(—7 Let us look at a single spinfoam vertex : a quantum 4-simplex
= quantization of 4-simplex in FLAT SPACE-TIME — —~ because of

equivalence
= spinfoam fluctuations around flat space-time principle

Thats the QG Equivalent of Harmonic Oscillator !

So compute 2-pt correlation : (AaAa’)

Rovelli 05
. /N —9 ; TINART L-Speziale 06
_ decreases in d(A,A") ——> Newtonian gravity ! @ ERESEaEE RS
: : Alesci 08
- correct tensorial structure —— Graviton !! @ B-Esi’fjg 11

(—r QG corrections ?

LO
Quadratic Area Regge calculus,
Classical space-time solutions

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



Quantized Regge calculus —— The spinfoam graviton

(—7 Let us look at a single spinfoam vertex : a quantum 4-simplex
= quantization of 4-simplex in FLAT SPACE-TIME — —~ because of

equivalence
= spinfoam fluctuations around flat space-time principle

Thats the QG Equivalent of Harmonic Oscillator !

So compute 2-pt correlation : (AaAa’)

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

_ decreases in d(A,A"Y™? —— Newtonian gravity !! @

- correct tensorial structure —— Graviton !! @

£y a6 corredtions R
Area Regge path integral,

LO non-Gaussian fluctuations
Quadratic Area Regge calculus,

Classical space-time solutions SBNESErCY
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Quantized Regge calculus —— The spinfoam graviton

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

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

= spinfoam fluctuations around flat space-time principle

Thats the QG Equivalent of Harmonic Oscillator !

So compute 2-pt correlation : (AaAa’)

Rovelli 05
L-Speziale 06

_ decreases in d(A, A’)—Z ——> Newtonian gravity ! @ BianchiR-S OB

_ correct tensorial structure —— Graviton !! @ .g%si;;olsl
¢ QG corrections ? e qwemga s
Area Regge path integral,
LO non-Gaussian fluctuations NNLO
Quadratic Area Regge calculus, Discrete area/vol spectrum
Classical space-time solutions SBNESErCY SF corrections to Regge
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The way of the Spinfoam

a framework for a quantum gravity path integral

(—7 How to define a path integral ? Discretize it !

Barrett-Crane 97,99 TQFT
(4
Baez-Barrett 99

Loop Quantum

State-sums
—— ! \ / Gravity

e Tasaa Reisenberger-Rovelli 96
¥ 68 SPIN FOAM Markpoulou-Smolin 97
V2 ). R | Baez 99

Quantized :
3 complementary perspectives

Regge calculus
% on Spinfoams

Rovelli 93
Barrett-Williams 98
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3d Spinfoams : the proof-of-concept

G The Ponzano-Regge model :

C:, Discrete path integral:
Spinfoams

Planck scale geometry:

A la LQG

To FoLochaL Invariant:
TQFT

Finike Amptitudes:
Ope.ro&i.otr\ad. Ekeorj

Extensions:
Versatile formalism

Bullk/Boundary:
Interfoce with Phy Stat

Matter cou.FLng)
NCC

Prescribes a Probabititj amplitude to
every 3d triangulation

Length, area, volume, angle opem&ors
wikth quahl:i.zed spectrum

Inv under +/- edges & vertices,
encoded in RBiedenharn-Elliokt ideu&ibj

matches Ray-Singer torsion, kot invs,
and Cheri-Simons quantization

E/L signature, topological defects,
q-deforma&iov\, superqgravities

Exack kotograpkic duad.i.bj wilth
imhomogeneous 24 Ising

Effective Non-Commutative Greometry
for matter coupled to 3d QG
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The way of the Spinfoam

a framework for a quantum gravity path integral

(—7 How to define a path integral ? Discretize it !

Barrett-Crane 97,99 TQFT
(4
Baez-Barrett 99

Loop Quantum

State-sums
—— ! \ / Gravity

e Tasaa Reisenberger-Rovelli 96
¥ 68 SPIN FOAM Markpoulou-Smolin 97
V2 ). R | Baez 99

Quantized :
3 complementary perspectives

Regge calculus
% on Spinfoams

Rovelli 93
Barrett-Williams 98
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The way of the Spinfoam

a framework for a quantum gravity path integral

(—7 How to define a path integral ? Discretize it !

VV viv

Barrett-Crane 97,99 TQFT
'
Baez-Barrett 99 LOOP Quam‘um

State-sums
' \ Gravity

Reisenberger-Rovelli 96

2 Al Ponzano-Regge
0 A 68 SPIN FOAM Markpoulou-Smolin 97
l / Baez 99
] Group Field Theory,
Quantized T
%% Tensor Models
Regge CGICUIUS Y Boulatov 93
Rovelli 93 s ‘\/77&\4 DePietri-Freidel-Krasnov-Rovelli 99
Barrett-Williams 98 \b</ \b<{/  Reisenberger-Rovelli 00  Freidel 05
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Non-perturbative spinfoams: Group Field Theory

| EV&V(n% &‘/(

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

(—r How to sum over bulk geometries ?

Define a “auxiliary” field theory such that

Feynman diagrams

Spinfoam amplitudes for 4d triangulations
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Non-perturbative spinfoams: Group Field Theory

(—r How to sum over bulk geometries ?

Define a “auxiliary” field theory such that

Feynman diagrams

Spinfoam amplitudes for 4d triangulations

Field = quantum tetrahedra

Slp] = % / p(g1, &2)p(e2,81) — % / ©(g1,82)0(g2, g3)0(g3,81)

- ok
Stel = 5 [ e olen. 2 e)een 2. 81) 7 <

/ S A A
] ©(81,82,83) (83, 84, 85) (85, 82, 86) (86 84, 81) KQ/ ﬁ/ \Q/ §/
Sly] = % / [dg]*v(gi)? — % / [dh]®°V(hap) %> (hap) Self-Interaction of tetrahedra

Quantum 4-simplex
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Non-perturbative spinfoams: Group Field Theory

(—r How to sum over bulk geometries ?

Define a “auxiliary” field theory such that

Feynman diagrams

Spinfoam amplitudes for 4d triangulations

Group Field Theory :

1 A
Slp] = —/w(g ,82)p(g ,g)——/w(g ,82)p(&2, 83)(g3,81)
2 pEiEm el gl b e S3TTe S _ Extension of matrix and tensor models

Sy = %/[dg]3So(gl,gz,g3)(p(g3,g2,gl) - Non-local field theory on group manifold

A - Admits quantum group symmetries
—a1 | Pl81,82,83)0(83, 88, 85) (85, 82, 85)¢(86, 82, 81)
(NCQFT)

Stel = 5 [ e1*e(@)? = &) [V (has)o™ ()
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Non-perturbative spinfoams: Group Field Theory

(—r How to sum over bulk geometries ?

Define a “auxiliary” field theory such that

Feynman diagrams

Spinfoam amplitudes for 4d triangulations

Group Field Theory :

1 A
Slp] = —/w(g ,82)p(g ,g)——/w(g ,82)p(&2, 83)(g3,81)
2 DETEREY DETEn S _3 1 _ Extension of matrix and tensor models

Sy = %/[dg]390(g1,g2,g3)<p(g3,g2,g1) - Non-local field theory on group manifold

A - Admits quantum group symmetries
—a1 | Pl81,82,83)0(83, 88, 85) (85, 82, 85)¢(86, 82, 81)
(NCQFT)

1 A _ Possible to couple matter
Stel = 5 [ e1*e(@)? = &) [V (has)o™ () P
: [Fairbairn-L, Freidel-Oriti,Girelli-L-Oriti,... ]
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Non-perturbative spinfoams: Group Field Theory

(—r How to sum over bulk geometries ?

Define a “auxiliary” field theory such that

Feynman diagrams

Spinfoam amplitudes for 4d triangulations

Group Field Theory ...

Stel = 5 [ vleneelene) - 5 [ wler )eler e)olenen) R
Slel = %/ 921’ (a1 g2, 83) (83, £2: 1) Can model large ensembles
—% ©(81,82,83) (83,84, 85) (85, 82, 86 ) (86, 84, 81) of quanfum 4-simplices
. \ e.g. by mean field methods
Slel = 5 / [de]*e(ei)” — 5 / [dh]°V(hab)®° (hab) |

Condensate cosmology proposal [Oriti]
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The future of Spinfoam quantum gravity

Some directions :

- 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
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The future of Spinfoam quantum gravity
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