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Abstract 
Cosmic acceleration, constrained to ρ_DE ≈ 7×10⁻²⁷ kg m⁻³ (±10%), still lacks a 
microphysical origin. Building on Faggin's hypothesis of a primordial quantum field from 
which spacetime emerges, I model dark energy as the thermodynamic footprint of 
continuous quantum actualization. Every collapse both erases unrealized alternatives and 
seeds new future branches, generating ΔI bits and paying the Landauer cost ε = k_B T ln 2 
per bit. This bidirectional energy flow sustains the quantum-to-classical transition. A 
conservative census of intergalactic electromagnetic events yields an information-generation 
rate I₀ = (5 ± 1) × 10⁸⁵ bit s⁻¹. Time-integrating the associated energy-source term from 
recombination to today reproduces ρ_DE within a factor ≈ 2, without fine-tuning. Total energy 
is conserved (E_field + E_manifest = const); the resulting Λ_eff(t) = 8πG ρ_info(t) predicts 
Δw ≈ +0.02 at z ≈ 1 (testable by DESI/Euclid) and ties the late onset of acceleration (z_acc ≈ 
0.7) to the rise of cosmic complexity. 

 

1. Motivation 
1.​ Cosmic acceleration is empirically secure [1,2]; its driver remains unidentified. 
2.​ Quantum measurement entails an information cost (Landauer) absent from 

standard cosmology. 
3.​ Emergent-substrate programs [3,4,5,6] suggest spacetime requires continuous 

energetic support. 
4.​ Timing puzzle: Why did acceleration begin only at z ≈ 0.7? 

Objective. Show that the Landauer cost of uninterrupted quantum actualization explains 
both the magnitude and timing of dark energy while respecting global energy conservation. 

 



2. From Quantum Actualization to Energy Density 

2.1 Thermodynamic Cost per Bit 

The minimum energy to process one bit at temperature T is ε = k_B T ln 2. At the CMB 
temperature T₀ = 2.725 K, we have ε₀ ≈ 2.53 × 10⁻²³ J. 

2.2 Energy Transfer, Not Creation 

We postulate an absolute quantum field—the fundamental reality from which experience and 
matter emerge, per Faggin. We assume spacetime itself continuously emerges from this 
field through quantum processes. Quantum events act as information updates 
(QBism/relational spirit): each measurement represents a process where the field 'selects' a 
specific reality from multiple possibilities. 

A primordial quantum field (the "absolute") supplies energy for each collapse: 

ΔE = k_B T ln 2 · ΔI 

Global energy ledger: 

E_tot ≡ E_field + E_manifest = const → Ė_field = -Ė_manifest 

A steady Γ_gen/Γ_collapse ≈ 2.3 sustains the empirical 70% (potential) : 30% (manifest) 
split. 

2.3 Interaction Census (z ≈ 0) 

Channel λᵢ (s⁻¹) Comment İᵢ (bit s⁻¹) 

EM scatter (IGM) (1.0±0.2)×10⁵ n_b ≈ 2×10⁻⁷ cm⁻³ (1-3)×10⁸⁵ 

β-decay / weak <10⁻⁷ negligible density ≪10⁸² 

Stellar cores 10²³ (core) × f_vol ≈ 10⁻⁷ radiative zone <10⁸³ 

Gravity-only ≲10⁻¹⁵ scattering cross-section tiny <10⁷⁵ 

Baseline: I₀ = (5 ± 1) × 10⁸⁵ bit s⁻¹ 

2.4 Current Injection Rate 

ρ̇_info,0 = ε₀I₀/(c²V₀) 

With V₀ ≈ 3.6×10⁸⁰ m³ → ρ̇_info,0 ≈ 3.9×10⁻³⁵ kg m⁻³ s⁻¹ 

Integration to today. Accounting for: 



●​ (i) T(a) ∝ a⁻¹ (boost ≈ 10³) 
●​ (ii) growth of I(a) as γ falls 3.1 → 1.5 (boost ≈ 10⁸) 

The cumulative factor ≈ 10¹¹ brings: 

ρ_info,0 ≈ (0.5-2) × ρ_DE 

2.5 Complexity-Driven Trigger 

Epoch-dependent exponents γ(a): γ ≈ 3.1 (plasma) → 2.3 (reionization) → 1.5 (complex 
structures) yield z_acc ≈ 0.7. 

 

3. Cosmological Dynamics with Energy Exchange 

3.1 Continuity and Source 

Defining ρ_info ≡ E_manifest/V, energy transfer implies: 

ρ̇_info + 3H(1+w_info)ρ_info = S_I(a) 

With source term: 

S_I(a) = k_B T(a) ln 2 · (dI/da)/(c² aV) 

3.2 Modified Einstein Equation 

The exchange acts as a time-dependent cosmological term: 

Λ_eff(t) = 8πG ρ_info(t) 

G_μν + Λ_eff g_μν = 8πG T_μν^(m+r) 

3.3 Friedmann Form 

H² = (8πG/3)[ρ_m + ρ_r + ρ_info] 

w_info(a) = -1 + S_I(a)/(3Hρ_info), |w_info + 1| < 0.025 (today) 

 

4. Numerical Tests 
Analysis using CLASS v3.1.2 with: 

●​ Planck PR4 baseline (2024) 
●​ eBOSS DR16 BAO 



●​ Pantheon+ SNe Ia 

Best-fit parameters: 

●​ I₀^best = (4.9 ± 0.4)×10⁸⁵ bit s⁻¹ 
●​ γ_early = 3.1 ± 0.2 
●​ γ_late = 1.5 ± 0.3 
●​ Predicted z_acc = 0.72 ± 0.08 

Goodness of fit: χ² = 3847.3 (ΛCDM: 3846.8), Δχ² = 0.5 for 2 extra parameters. 

 

5. Falsifiable Predictions 
Observable Predicted shift Probe Timeline 

w(z≈1) +0.02 ± 0.01 DESI/Euclid 2027 

σ₈ -2 to -4% Euclid WL 2028 

δH/H₀ (local) ±2% vs baryons SNe Ia + GW sirens 2028-30 

ρ_DE/ρ_tot drift <1% to z ≈ 3 Lens time-delays 2025-30 

ρ_DE ↔ complexity positive corr. Shannon entropy (galaxies2025-30 

Landauer heat (10¹¹ qubits @ 4 >3 nJ/cycle (~100 mWIBM/Google ≤5 yr 

 

6. Discussion 

6.1 Bidirectional Energy Flow 

Energy transfer encompasses both erasure of unrealized alternatives (Landauer cost) and 
creation of new Hilbert-space branches. This bidirectional flow naturally explains the 
continuous quantum actualization process. 

6.2 Energy Conservation and Emergent Spacetime 

Energy injection sustains emergent spacetime; conservation holds globally between 
primordial field and manifest universe. This aligns with emergent gravity programs where 
spacetime requires continuous energetic maintenance. 

6.3 Hubble Anisotropies 



Regions with enhanced quantum-interaction density should expand measurably faster. We 
predict δH/H₀ ≲ 2% correlated with baryonic overdensities. 

6.4 Stellar-Core Caveat 

Radiative transport not yet fully included in census—potential refinement for future work. 

6.5 Future Directions 

Include neutrino sector; refine IGM cross-sections; develop lab calorimetry protocols for 
multi-qubit chips. The low electromagnetic interaction rate of dark matter suggests intriguing 
connections between informational properties and matter classification. 

 

7. Conclusion 
A Landauer-based information budget reproduces the scale and timing of dark energy, 
supplies six clear tests, and frames the universe as a self-organizing information engine. The 
proposal respects energy conservation and invites falsification—hallmarks of scientific 
viability. 

All assumptions are explicitly stated; feedback on complexity metrics, cross-correlation 
analyses, and quantum calorimetry protocols is warmly welcomed. 
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Appendix A: Detailed Derivation of Informational Energy 
Density 

A.1 Model Definition 



At each quantum event, classical information generation ΔI incurs energy cost: 

ΔE = k_B T ln 2 · ΔI 

Total dissipation rate: 

Ė_info = ε · İ(a) 

Energy density rate: 

ρ̇_info = Ė_info/V(a) = (k_B T(a) ln 2)/c² · İ(a)/V(a) 

This serves as the source in the continuity equation. 

A.2 Temporal Evolution 

To obtain ρ_info(t), we integrate ρ̇_info from recombination: 

ρ_info,0 = ∫[t_rec to t_0] ρ̇_info(t)dt 

Using scale factor a as variable: 

ρ_info,0 = ∫[a_rec to a_0] (k_B T(a) ln 2)/c² · (dI/da)/(aH(a)V(a)) da 

This integral is evaluated numerically using CLASS v3.1.2. 

A.3 Numerical Convergence 

Results show stable convergence for different I(a) parametrizations. Including T(a) ∝ a⁻¹ and 
V(a) ∝ a³ ensures dominant contributions come from high-information epochs, particularly 
after complex structure emergence (z ≈ 0.7). 

A.4 Global Conservation 

As postulated: 

E_tot = E_field + E_manifest = constant → Ė_field = -Ė_manifest 

Energy injected into spacetime via quantum information is drawn directly from the underlying 
field, ensuring global conservation. 
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