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What is Group Field Theory?

• Quantum Field Theory on auxiliary group manifold,
e.g. SU(2)4 or SL(2,C)4

• Universe as entangled quantum-many-body system

• Peculiarity: non-local interactions

• Quantization of constrained BF theory

• Imposing constraints ⇒ geometric interpretation

g/(ρ,ν) Β

Figure: Geometric interpretation of GFT quanta

A =
√
ρ2 + 1− ν2 =

√
B ·B
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Motivation

• Main challenge: Continuum Limit

• Study cosmology:

→ QG effects are expected to become important near singularity

→ Possible imprints in Observations

→ Simplified setting of homogeneous geometries

• Already interesting results in EPRL-like GFT condensate
cosmology:

→ Quantum bounce and emergent Friedmann equations

[Oriti, Sindoni, and Wilson-Ewing 2016]

→ Dynamical isotropization
[Andreas G. A. Pithis and M. Sakellariadou 2017]

→ Phenomenological studies
[Oriti and Pang 2021; Cesare, Andreas G. A. Pithis, and Mairi Sakellariadou 2016]

• Other GFT models viable ⇒ ’universal’ behavior?
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Extended Lorentzian Barrett-Crane GFT model

Extension:

SL(2,C)4 −→ SL(2,C)4 ×H3

ϕ(gv) −→ ϕ(gv;X)

Action:

S[ϕ̄, ϕ] = K + V =

∫
SL(2,C)4

[dg]4
∫
H3

dX ϕ̄(g1, g2, g3, g4;X)ϕ(g1, g2, g3, g4;X)+

+
λ

5

∫
[dg]10

∫
[dX]5 ϕ1234(X1)ϕ4567(X2)ϕ7389(X3)ϕ962(10)(X4)ϕ(10)851(X5) + c.c.

Symmetries of ϕ:

ϕ(g1, g2, g3, g4;X) = ϕ(g1u1, g2u2, g3u3, g4u4;X), ∀ui ∈ SU(2)X

ϕ(g1, g2, g3, g4;X) = ϕ(g1h
−1, g2h

−1, g3h
−1, g4h

−1;h ·X), ∀h ∈ SL(2,C)
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Coherent Condensate States

|σ〉 = e−
‖σ‖2

2 exp

(∫
[dg]2

∫
dX σ(gv ;X)ϕ̂†(gv ;X)

)
|∅〉

Properties:
• Mean field approximation

〈σ| ϕ̂(gv ;X;φ) |σ〉 = σ(gv ;X;φ)

⇒ σ is an order parameter

• Quantum analogue of homogeneity [Gielen, Oriti, and Sindoni 2014]

• Additional symmetry

σ(g1, g2, g3, g4;X;φ) = σ(hg1h
−1, hg2h

−1, hg3h
−1, hg4h

−1;h·X;φ), ∀h ∈ SL(2,C)

Domain of condensate wavefunction is diffeomorphic to
minisuperspace of homogeneous 3-geometries
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Emergent Friedmann Equations and Quantum Bounce

σ(gv;X)
rel. clock−→ σ(gv;X;φ)

decomposition−→ σρ1ρ2ρ3ρ4(φ)
isotropy−→ σρ(φ)

• Evolution like EPRL-like models with σj(φ)↔ σρ(φ):
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Limitations:

• Several approximations have been made

→ Mesoscopic regime

→ Negligible interactions ↔ no connectivity information

→ Condition of isotropy maybe too strict

• Missing RG analysis ⇒ existence of condensate phase?

• Only spacelike triangles

Open Issues:

• RG analysis of viable GFT models
[Marchetti, Oriti, Andreas G. A. Pithis, et al. 2021]

• Inclusion of timelike and null triangles [Conrady and Hnybida 2010]

→ Microscopic causal structure

→ timelike and null boundaries

→ Different universality class?
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