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The DESI galaxy survey

▶ BAOs create features in galaxy clusters of the

size of the sound horizon at recombination.

▶ This is used as a ruler to determine the

distance to different galaxies.

▶ In turn, this determines the Universe’s

evolution.
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▶ In turn, this determines the Universe’s

evolution.

The ACT power spectra

▶ Ground based CMB observations.

▶ Higher angular resolution and targeted

observation when compared to Planck.

▶ In practice: much smaller noise levels at small

scales and extension to larger multipoles.
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The combined results continue to indicate a

preference for a departure from the ΛCDM

values of (w0 = −1, wa = 0).

The DESI collaboration

Still only an indication, but seems to be robust.
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Phantom dark energy models

▶ Fluid: violates NEC: which “matter”?

▶ Fundamental (k-essence): classical (gradient)

& quantum instability (vacuum decay, ghosts).

Restriction of the parameter space for

inflationary models. In particular, Starobinsky

inflation disfavored at ≳ 2σ for 50 < N < 60.

The ACT collaboration

Word of caution: degeneracy between nS and BAO parameters,

together with tension from CMB and DESI BAO data under ΛCDM.

DESI 2503.14738; ACT 2503.14454; Ferreira et al. 2507.12459; Ludwick 1708.06981;

Brahma, Calderon-Figueroa 2504.02746; . . .



Phantom dark energy models

▶ Fluid: violates NEC: which “matter”?

▶ Fundamental (k-essence): classical (gradient)

& quantum instability (vacuum decay, ghosts).

Inflationary models

▶ Phenom.: Increasingly large set of parameters
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Phantom dark energy models

▶ Fluid: violates NEC: which “matter”?

▶ Fundamental (k-essence): classical (gradient)

& quantum instability (vacuum decay, ghosts).

Inflationary models

▶ Phenom.: Increasingly large set of parameters

with no clear physical interpretation.

▶ Fundamental: which guiding principles?

Which models admit an UV completion?

Need for a paradigm shift?
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S[ϕ, ϕ̄] =

∫
G
dgϕ̄(g)K[ϕ](g)

+
∑
γ

λγ

nγ
TrUγ [ϕ]+c.c. .

▶ GFT field ϕ : G → C; G field space group, not spacetime!

▶ GFTs are generating functionals for spinfoam amplitudes.!

Kinematics: GFT quanta

▶ GFT field: ϕ(g) ∼ atom of (bisected) spinfoam boundary state.

▶ Simplicity + closure: g = (ga,Φ) encode geometric and matter data

(geometry = ga ∈ SL(2,C) or SU(2), scalar fields= Φ ∈ Rn).

▶ Kinetic kernel K .

▶ Fock space construction: analogies with Hdiff but also differences.

Dynamics: GFT Processes

▶ Combinatorially non-local interactions Uγ generate spinfoam atoms.

▶ Feynman diagrams Γ associated with spinfoam molecules.

▶ Feynman amplitudes AΓ associated with spinfoam amplitudes.

ZGFT =
∑
Γ

wΓAΓ = complete spinfoam model.

φ(g) ∼

g4

g1

g2

g3

Φ

Reisenberger, Rovelli 2001; Freidel 0505016; Oriti 1408.7112; Oriti, Ryan, Thürigen 1409.3150; Sahlmann, Sherif 2302.03612; LM, Mehmood, Husain 2412.09851
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Macroscopic Physics and Mean-Field Theory
E
m
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Extracting physics

▶ Locality

E
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Macroscopic dynamics = mean-field approximation

▶ Macroscopic physics captured by GFT mean-field σ (superspace density of GFT atoms) satisfying

Relational effective dynamics: K[σ] +V [σ, σ∗] = 0 .

Relational 2nd order differential operator Non-local and non-linear.

▶ Can be obtained from ⟨δSGFT/δφ̂
†⟩σ = 0 where |σ⟩ are frame-localized coherent states.

▶ Cosmology: typically evolution wrt. MCMF scalar field clock; non-linear extension of QC.

Macroscopic quantities = Collective averages

▶ Hydrodynamic: Macroscopic quantities ∼ Oσ ∼ σ-“hydrodynamic” averages of collective obs.

▶ Microscopic picture: Collective observables are one-body operators Ô in FGFT: Oσ = ⟨Ô⟩σ .
▶ E.g. number N̂ = φ

† · φ̂ and volume V̂ = φ̂
† · V [φ̂], with Nσ = σ

∗ · σ and Vσ = σ
∗ · V [σ].

notation: φ · ψ =

∫
G

dgφψ

LM, Wilson-Ewing 2412.14622; Aguilar, Ferrero, Höhn, LM (to appear); Oriti, Sindoni, Wilson-Ewing 1602.05881; LM, Oriti 2008.02774-2112.12677;. . .

Luca Marchetti Emergent Cosmology from QG 1
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▶ Relational RG: Effective actions and flows defined wrt. QRF. Not applied to GFTs yet.
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† · φ̂ and volume V̂ = φ̂
† · V [φ̂], with Nσ = σ

∗ · σ and Vσ = σ
∗ · V [σ].

notation: φ · ψ =

∫
G

dgφψ

LM, Wilson-Ewing 2412.14622; Aguilar, Ferrero, Höhn, LM (to appear); Oriti, Sindoni, Wilson-Ewing 1602.05881; LM, Oriti 2008.02774-2112.12677;. . .

Luca Marchetti Emergent Cosmology from QG 1



Group Field Theory

Homogeneous

cosmology

Free theory/
small interactions

Emergence

Problem

Coarse-

graining

Localization



Effective FLRW cosmological dynamics
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(ciaoMean-field approximation

▶ Homogeneity: σ depends on geometry + clock χ0.

▶ Isotropy: συ ≡ ρυe
iθυ (υEPRL ∈ N/2, υBC ∈ R).

▶ Mesoscopic regime: negligible interactions.

▶ Vσ (thus a) increases as ρυ (thus Nσ) increases.

0 = K[σ],

Vσ(x
0) =

∑∫
υ

Vυ|συ|2(x0).

= V̄0a
3 −→ {H(Vσ),w(Vσ)} .

(
V ′
σ

3Vσ

)2

=

(
2
∑
υ Vυρυsgn(ρ

′
υ)
√

Eυ − Q2
υ/ρ

2
υ + µ2

υρ
2
υ

3
∑
υ Vυρ2υ

)2

,
V ′′
σ

Vσ
=

2
∑
υVυ

[
Eυ + 2µ2

υρ
2
υ

]∑
υ Vυρ2υ

L
a
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/
ea

rl
y
ti
m
es

Large/small number of quanta

Volume quantum fluctuations under control.

If one υo is dominating and µ2
υo

= 3πG ,

matching with relational GR dynamics:

(V ′
σ/3Vσ)

2 ≃ 4πG/3 flat FLRW

▶ For a large range of initial conditions (at

least one Qυ ̸= 0 or one Eυ < 0)

▶ Same type of bouncing dynamics as in LQC.

Singularity res. into quantum bounce!

LM, Oriti 2008.02774-2010.09700; Oriti, Sindoni, Wilson-Ewing 1602.05881; Jercher, Oriti, Pithis 2112.00091; Gielen, Polaczek 1912.06143.
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Effective FLRW cosmological dynamics
O
ve

rv
ie
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(ciaoAssumptions

▶ Homogeneity: σ(gA, χ
0
, ψ); ψ interacting scalar.

▶ Isotropy: συ ≡ ρυe
iθυ .

▶ Weak interactions: perturbative analysis.

▶ Single spin: only υ = υo dominating.

▶ Late times: Large volumes (classical limit).

(ciaoDynamics

S[ϕ, ϕ∗] = ϕ
∗ · K[ϕ] + U[ϕ, ϕ∗]

K = K((χ0
1 − χ

0
2)

2; (ψ1 − ψ2)
2)

U =U [ϕ, ϕ∗;Vψ ] ,

ψ-potentialpseudo-simpl./tens.

M
o
d
el
s
a
n
d
R
es
u
lt
s

Matching procedure

Vσ HGFT[Vσ, ψσ ] Hcl[a, ψ]

ψσ EGFT[Vσ, ψσ ] Ecl[a, ψ]

mean-field dyn. recast as Effective quantities:

G , Veff,ψ ,. . .

Pseudo-tensorial

UT[ϕ, ϕ
∗
,Vψ ] = Tr{UT[Vψ ]ϕ

l+1
2 (ϕ∗)

l+1
2
}

▶ Geometry: matching + Λ for l = 5.

▶ QG-Higgs: Emergence of (constant) ψ-mass.

▶ Potential: Matching only for a class of Vψ .

Pseudo-simplicial

US[ϕ, ϕ
∗
,Vψ ] = Tr{US[Vψ ]ϕ

l+1} + c.c

▶ Geometry: matching + DDE for l = 5.

▶ QG-Higgs: Emergence of (time-dep.) ψ-mass.

▶ Potential: Matching only for Veff ̸= Vψ .

LM, Ladstätter 2508.16194; Li, Oriti, Zhang 1701.08719; De Cesare, Pithis, Sakellariadou 1606.00352
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Emergent acceleration I: Stability
M
ea

n
-fi
el
d
m
o
d
el

Model and Assumptions

Kυ [συ ] + Vυ [συ, σ∗
υ ] = 0 , Kυ = ∂

2
χ − E 2

χ , Vυ [συ, σ∗
υ ] = −λυρυ

l
e
i((m+1)θυ+ϑυ )

,

∈ R

int. order ∈ N+
kinetic kernel

interaction kernel

▶ Generalized mean-field: Reduces to pseudo-tensorial/simplicial for m = 0 and m = −(l +1), resp.

▶ Assumptions: Homogeneity, isotropy, single-mode, late times. Interactions are non-perturbative.

D
yn

a
m
ic
a
l
sy
st
em

Fixed points and dynamical stability

▶ First order for x = θ, y = ρ
′
/ρ

3, z = θ
′.

▶ FP∞: l=5, ȳ2= |λ|/3, x̄=(nπ−ϑ)/m, z=0.

▶ FP∞ dynam. (weak) attractor iff 1+3m/4<0.

Cosmological stability: y-behavior

H2 ∝ y2
, w = −[(1 + y ′

/(ρ2y2)]

▶ Emergent dS: at FP∞, H = const, w = −1.

Emergent dS .

LM, Ladstätter, Oriti 2512.11712; Ladstätter, LM 2508.16194; Oriti, Pang 2105.03751-2502.12419; De Cesare, Pithis, Sakellariadou 1606.00352. . .
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∈ R

int. order ∈ N+
kinetic kernel

interaction kernel

▶ Generalized mean-field: Reduces to pseudo-tensorial/simplicial for m = 0 and m = −(l +1), resp.

▶ Assumptions: Homogeneity, isotropy, single-mode, late times. Interactions are non-perturbative.
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Fixed points and dynamical stability

▶ First order for x = θ, y = ρ
′
/ρ

3, z = θ
′.

▶ FP∞: l=5, ȳ2= |λ|/3, x̄=(nπ−ϑ)/m, z=0.

▶ FP∞ dynam. (weak) attractor iff 1+3m/4<0.

Cosmological stability: y-behavior

H2 ∝ y2
, w = −[(1 + y ′

/(ρ2y2)]

▶ Emergent dS: at FP∞, H = const, w = −1.

Emergent dS cosmologically unstable for m > 0.
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Emergent acceleration II: Dynamical Dark Energy
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(ciaoAsymptotic Λ

▶ Emergent DE: For m ≤ 0 asymptotic dS attractor.

w̄ = −1, Λ̄ = |λ|
4πχ
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Volume eigenvalue

▶ At late times w(z) = −1 + δw(z).

Relational time
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EoS dynamics

δw(z) =


[T (z)]−6(δw0 + δw1 cos 2Φ(z) + δw2 sin 2Φ(z))

δw0[T (z)]6(
√

1+3m/4−1)

δw0[T (z)]−6 log2[T (z)]

(1 + zq)/(1 + z) ∝ T (z)

▶ Quantum features: zq ∼ # of QG atoms today.

▶ Phantom behavior for m ≤ −6 and −1.27 ≲ m ≤ 0

Emergent dynamical (typically phantom) dark energy!

Solutions depend

on sgn(1+3m/4).
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Emergent acceleration III: Emergent Inflation
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(ciaoSlow-Roll Inflation

▶ Quasi dS: For m > 0 FP∞ repulsive; acceleration ends.

ϵ1(N) = exp[−ϵ2(Nend − N)]

ϵ2(N) = 6(µ − 1)

(1 + 3m/4)1/2

▶ Slow-roll: |ϵi | ≪ 1 during inflation for m ≪ 1.

▶ Graceful exit: Inflation ends after Nend ≫ 1.
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Emergent Inflaton

▶ SFI: GFT inflation can be described by emergent ϕ:

δθ(ϕ) ∝ ϕ− ϕ0

V (ϕ) = V0

(
1 − (ϕ− ϕ0)

2

3

)
e
−2(ϕ−ϕ0)

2/ϵ2 ,

GFT phase
∈ [ϕ0, ϕ0 + 1]

Emergent slow-roll single-field inflation!
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Dynamical Dark Energy

▶ Order 6 GFT interactions generate acceleration, both in pseudo-tensorial/-simplicial models.

▶ For m ≤ 0 de Sitter is an asymptotic attractor, with Λ depending on GFT parameters.

▶ Emergent dynamical dark energy, with w = w(z) depending on the microscopic parameters.

▶ Dark energy is phantom for a large set of models (including pseudo-simplicial)!

E
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Emergent Inflation

▶ Emergent inflation: for m > 0 the de Sitter fixed point is repulsive, so natural graceful exit.

▶ Slow-roll: for m ≪ 1 emergent inflation is slow-roll, so large e-folds without fine tuning.

▶ Emergent inflaton: dynamics can be described as SFI; inflaton associated with condensate phase.

▶ Inflaton potential: in this description, the emergent inflaton potential is a polynomial-Gaussian..

▶ Post-inflation indications of clock domination.

O
u
tl
o
o
k

Model Building and Phenomenology

How do predictions on w(z) compare with data?

▶ How do primordial cosmological perturbations emerge from QG? (No inflaton in this picture!)

In this scenario, what can cosmological power spectra tell us about QG?

Can a similar mechanism also produce a dark matter component? Emergent tracking solutions?

▶ Constraining effective theory space: map between SFI models and GFT mean-field theory models?

▶ Impact of additional modes on emergent dynamical dark energy behavior?

▶ . . .
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