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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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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).
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& 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?

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

with no clear physical interpretation.

▶ Fundamental: which guiding principles?

Which models admit an UV completion?

Need for a paradigm shift?

DESI 2503.14738; ACT 2503.14454; Ferreira et al. 2507.12459; Ludwick 1708.06981; Brahma, Calderon-Figueroa 2504.02746; . . .



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!

▶ Geometricity constr.: ϕ(g) ∼ boundary state atom.

▶ Dynamics: ZGFT generates discrete-gravity path-integrals.

Macroscopic Dynamics: GFT Mean-Field Theory

▶ 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.

▶ Macroscopic states: Derived from ⟨δSGFT/δφ̂
†⟩σ = 0 where |σ⟩ are frame-localized coherent states.

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

Macroscopic Observables: Hydrodynamic Averages

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

▶ Cosmology: Only need volume V ≡ ⟨V̂ ⟩σ =
∑

υ vυρ
2
υ , with συ ≡ ρ

iθυ
υ :

V̄ a3 = V =
∑
υ

vυρ
2
υ , H2 =

π2
χ

9V 2

(
V ′

V

)2

, w = 3 − 2
VV ′′

(V ′)2

Clock time derivative
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Emergent acceleration I: Stability
M
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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 .
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Emergent acceleration II: Dynamical Dark Energy
A
sy
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(ciaoAsymptotic Λ

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

w̄ = −1, Λ̄ = |λ|
4πχ

2

9v2

GFT coupling
Clock momentum

Volume eigenvalue

▶ At late times w(z) = −1 + δw(z).

Relational time

−1

1

w

D
yn
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m
ic
a
l
b
eh

a
vi
o
r

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) ∝ log 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).

0

0

3 4 5 6 7 8 9 10

z

0
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δw0[T (z)]−6 log2[T (z)]

(1 + zq)/(1 + z) ∝ log 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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▶ 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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▶ SFI: GFT inflation can be described by emergent ϕ:
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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)!
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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.
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▶ Inflaton potential: in this description, the emergent inflaton potential is a polynomial-Gaussian..

▶ Post-inflation indications of clock domination.

QG as the mechanism underlying cosmic acceleration, not just a correction!
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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?

▶ . . .


