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Introduction 

Cosmology stands at a crossroads: new discoveries from DESI and JWST are pushing the standard 

ΛCDM model to its breaking point, revealing tensions that demand fresh ideas. Recent Data and 

Theoretical Developments for MRET HCC Framework introduces a bold yet rigorous alternative. The 

Mass Redistribution Expansion Theory/Horizon-Coupled Cosmology (MRET/HCC) framework 

offers a causal, conservative explanation for cosmic acceleration by tying it directly to the 

thermodynamic cost of structure formation. Instead of conjuring exotic new fluids or tweaking 

gravity, MRET/HCC reclassifies known energy components within General Relativity, preserving 

Einstein’s theory intact while yielding clear, falsifiable predictions. Petersen’s paper synthesizes the 

latest observational tensions, from JWST’s early galaxies to DESI’s precise surveys – and charts an 

exciting roadmap to resolve them. The result is a sharp, confident narrative that reframes cosmic 

acceleration not as a mystery ingredient but as a natural consequence of structure formation, inviting 

readers to explore this promising path forward. 

 

Type Ia Supernova Residuals Around z ~0.5 

High-precision surveys of Type Ia supernovae (SNe Ia) continue to refine the cosmic distance ladder 

and reveal subtle features in the Hubble diagram. Notably, analyses of the Pantheon/Pantheon+ 

samples have hinted at a slight systematic deviation in SNe Ia brightness at intermediate redshifts (z 

≳ 0.5) from the best-fit flat ΛCDM model. In particular, normalized magnitude residuals of 

high-z SNe Ia (beyond z ≈ 0.5) appear biased to one side, indicating that a simple constant-

Ω_Λ model may “fit poorly” for distant SNe Ia data compared to models with evolving 

parameters. This small but persistent high-z offset suggests that the acceleration history might not 

perfectly follow a smooth ΛCDM trajectory. Some models with time-variable dark energy equation-

of-state (e.g. w_0*–w*_a parametrizations) provide an improved fit to the SN data, consistent with 

the possibility of additional late-time expansion dynamics. From the MRET/HCC perspective, such an 

anomaly could be interpreted as the observational imprint of a transition in cosmic expansion 

physics around that epoch, aligning with the idea that a thermodynamic “trigger” event (e.g. 

cumulative mass redistribution into black holes) occurred in the mid-to-late cosmic timeline. 

Updated H₀ Measurements and the Hubble Tension 

The disagreement between locally measured and early-universe inferred Hubble constants (the H₀ 
tension) has persisted and even sharpened with new data through 2024–2025. Local distance-ladder 

determinations (Cepheids, TRGB, and SNe Ia) consistently find H₀ ≈ 72–74 km/s/Mpc, while the 



ΛCDM fit to the Planck CMB yields H₀ ≈ 67–68 km/s/Mpc, a ~5–6 km/s/Mpc gap that now 

stands at ≳5σ significance. Recent milestones include James Webb Space Telescope (JWST) 

observations that independently validate the Cepheid-based HST distance scale: JWST’s Cepheid 

and red-giant measurements in the same hosts reproduced HST’s result (a combined H₀ ≈ 72.6 

km/s/Mpc, in line with 72.8 km/s/Mpc from HST for those galaxies). This cross-check with 

JWST has ruled out large systematic errors in the local measurements, thereby solidifying the H₀ 
tension as a genuine discrepancy that likely points to new physics. On the other hand, alternate 

distance calibrations (e.g. the Tip of the Red Giant Branch) yield somewhat lower values (H₀ ≈ 69–

70), but even these remain marginally higher than the CMB inference. MRET/HCC offers a 

potential avenue to reconcile this tension by introducing non-standard late expansion dynamics: if cosmic 

expansion is punctuated by entropy-driven epochs or “growth spurts” tied to black-hole mass 

distributions, the effective Hubble rate today could differ from the naive extrapolation of early-

universe physics. It is noteworthy that the mismatch in H₀ might be symptomatic of additional 

energy components or transitions in the Universe’s recent expansion, exactly the kind of effect 

a black-hole-triggered expansion model could naturally produce as it reclassifies mass-energy and 

geometric degrees of freedom in the late universe. 

Survey Results: DESI, Euclid and Signs of Dynamical Dark Energy 

Ongoing large-scale structure surveys have begun to challenge the constancy of dark energy. In 2024, the 

Dark Energy Spectroscopic Instrument (DESI) released BAO and redshift-space distortion data 

(DR1/DR2) spanning millions of galaxies. BAO-only analyses remain broadly consistent with 

ΛCDM, but when combined with other probes, DESI has yielded intriguing evidence for departure 

from w = –1. In particular, the DESI BAO + Planck CMB combination is better fit by a time-

evolving dark energy (w_0, w_a) model, favoring a present equation-of-state w_0 > –1 (slightly 

less negative than –1) with w_a < 0 (indicating w becoming more negative in the past), over the 

static ΛCDM at about 3.1σ confidence. When supernova data are included, the significance of 

dynamical dark energy rises to ~3–4σ (range depending on SN sample). In other words, multiple 

data sources now “challenge” the constant-Λ assumption, with ΛCDM increasingly 

disfavored in favor of an evolving dark energy component. The best-fit solution from DESI implies 

a quintessence-like scenario (w ≳ –1 today, rolling more negative at intermediate z), reminiscent of a late-

onset acceleration. Notably, the preferred parameter region aligns with **“phantom” or 

**“quintessence” behavior at intermediate redshifts, but with an asymptote toward w → –1 at 

early/late times to remain within observational bounds. This behavior maps well to the 

MRET/HCC expectation of a triggered acceleration: a cosmos that was until recently matter-

dominated and is now entering a distinct acceleration era (rather than having a perfectly constant 

dark energy density throughout cosmic history). Upcoming Euclid data (mission launched 2023) 

will extend these tests with high-precision weak lensing and additional BAO measurements, further 

probing if the equation-of-state evolves. So far, no violation of general relativity in large-scale 

structure (growth index fσ₈) has been definitively detected, but a mild “growth tension” persists: 

weak lensing surveys (KiDS, DES, etc.) and some galaxy clustering studies find slightly lower 

amplitude of matter clustering (σ₈) than ΛCDM CMB predictions. For example, analyses of 

DESI galaxy clustering at z ~1 (accounting for dust biases) still show a ~3σ lower σ₈ (less clumpy 

universe) compared to Planck expectations. One exciting interpretation is that something “new” 



(beyond a constant dark energy) affected structure growth around z ~1, perhaps hinting at 

early signs of a transition to the acceleration era. All these developments, an emerging preference for 

dynamic dark energy and hints of altered late-time growth, are consistent with the notion that the 

Universe’s acceleration could be causally linked to recent epoch astrophysical processes. 

MRET/HCC posits exactly such a link, attributing late acceleration to cumulative effects of mass 

redistribution (e.g. into black holes) rather than a forever-constant vacuum energy. 

Early-Universe Observations: JWST and the Formation of Structure 

While late-universe surveys point to dynamic energy components, JWST is unveiling surprises at 

the early end of cosmic history that may inform initial conditions for MRET/HCC. JWST’s deep 

infrared imaging has discovered an unexpected abundance of massive galaxies in the first 500 

Myr – 1 Gyr of the universe, as well as surprisingly fast-growing supermassive black holes 

(SMBHs) at high redshifts. For instance, JWST and Chandra X-ray data have identified dwarf 

galaxies at z ~ 5–6 (only ~1.5 billion years after the Big Bang) hosting **low-mass SMBHs that are 

accreting at >40 times the Eddington limit. These objects indicate that black holes attained 

large masses extremely rapidly in the early universe, a phenomenon that standard galaxy/black-

hole formation models struggle to explain. Even at z ~ 10, JWST has found AGN candidates (e.g. 

“UHZ1” and “GHZ9”) implying black hole masses on the order of 10^8 M_⊙ when the universe 

was only ~500 Myr old. This overabundance of big black holes in the young universe has 

inspired exotic ideas (e.g. primordial black hole seeds), but importantly for HCC, it underscores that 

black holes have been a significant component of cosmic evolution from very early times. 

Moreover, the early star formation rate density (SFRD) and black hole accretion rate density 

(BHARD) histories are being revised. New JWST/MIRI surveys of obscured AGN suggest that 

the cosmic BH accretion density may peak earlier or at least as early as the star-formation 

peak. Recent reconstruction of BHARD up to z ~4-5 finds a broad peak around z ≈ 1–3 (with 

some methods peaking near z ~2–3). In other words, the bulk of black-hole mass growth 

occurred in the epoch z ~ 2, roughly contemporaneous with (or slightly preceding) the peak of 

stellar assembly. If cosmic acceleration is somehow linked to reaching a critical abundance or mass 

fraction in black holes, it is suggestive that such conditions would ripen only after this peak in BH 

growth. Interestingly, the observed onset of accelerated expansion (z ~ 0.6–0.8) comes a few billion 

years after the BHARD peak, which could correspond to the universe crossover point when a 

sufficient cumulative “entropy” or mass in black holes triggered a phase change in 

expansion. JWST’s discovery of early overly massive black holes and galaxies provides tangible 

evidence that the universe’s structure formation and energy budget might be more 

complicated than the standard ΛCDM narrative, lending plausibility to models like 

MRET/HCC which ascribe a larger role to black holes (and associated vacuum energy or entropy 

effects) in cosmic evolution. 

Black Holes, Entropy, and Horizon-Coupled Acceleration 

Central to the Horizon-Coupled Cosmology idea is that black holes are not just passive sinks of 

matter, but active drivers of cosmic expansion through thermodynamic and geometric 

effects. Two lines of recent research reinforce this viewpoint: 



• Observational Evidence of Cosmologically Coupled Black Holes: In 2023, a study of 

elliptical galaxy black holes (Farrah et al.) found that ancient SMBHs appear significantly 

more massive today than their low-redshift counterparts of similar initial mass, in a way 

incompatible with growth purely by accretion or mergers. The best explanation is that 

these black holes experience “cosmological coupling”, gaining mass in proportion to 

cosmic volume expansion. The measured coupling strength was κ ≈ 3 (with 0 rejected at 

99.98% confidence), matching the behavior expected if black holes contain vacuum energy 

(i.e. an equation-of-state ρ + 3p = 0 inside). In this vacuum energy black hole model, as 

the universe expands, the BH’s effective energy increases, and crucially, the required 

“dark energy” density can be fully accounted for by the population of such 

cosmologically coupled BHs. In fact, Farrah et al. report that the density of black holes 

(formed from stellar populations over cosmic time) would naturally produce the observed Ω_Λ 

~0.7 today if each BH converts into a vacuum energy object. This remarkable result directly 

supports the HCC premise that black-hole formation injects an accelerating 

component into the universe – essentially identifying black holes as the long-sought dark 

energy. It also exemplifies “black-hole-timed” acceleration: the growth of the dark energy 

density is tied to when and how black holes form and evolve in cosmic history. (While these 

findings are being scrutinized by the community, they have spurred a wave of interest in 

horizon coupling mechanisms.) 

• A Note on the "Ledger's" Physical Anchor 

The Farrah et al. discovery of cosmological coupling (k ≈ 3) offers a remarkable physical 
anchor for the MRET "Cosmic Ledger." For years, my framework has described a 
"reclassification" of energy—a shift from clumped matter to smooth expansion. We now 
have a high-confidence observational candidate for exactly where that transaction happens: 
inside the horizons of black holes. 
However, it is important to treat these early results as intriguing evidence rather than a 
settled finality. While the study found that black hole growth matches the expansion rate 
with 99.98% confidence, the broader community continues to debate the findings. Critics 
have pointed out that comparing black hole populations across nine billion years is 
notoriously difficult, and some argue that the observed mass growth could still be explained 
by subtle, unaccounted-for factors in galaxy evolution or "stellar population" biases rather 
than exotic coupling physics. 
In the context of MRET/HCC, we don’t need the Farrah result to be the only proof; we view 
it as a major data point that aligns perfectly with our predicted "trigger" mechanisms. 

Whether the coupling is exactly k=3  or part of a more complex thermodynamic exchange, 
the fact that we are finally seeing a measurable link between black hole mass and the scale 
factor suggests that the universe’s "bookkeeping" is a physical reality we are just beginning to 
decode. 

• Thermodynamic and Entropy-Based Models: Parallel theoretical work has explored how 

horizon thermodynamics could drive cosmic acceleration. One intriguing development is 

the concept of “topological” dark energy arising from black-hole horizon formation. In an 

analytic study using the Gauss-Bonnet extension of GR, researchers found that each black 

hole formation or merger (events that change spacetime topology) can contribute an 

extra term to the Friedmann equations via the horizon entropy change. The result is an 



effective dark energy sector whose energy density is directly tied to the cosmic star 

formation rate and black hole formation rate (since those govern how many BH 

horizons come into existence). Fascinatingly, this model predicts a dark energy equation-

of-state that isn’t constant: it can show phantom-like (w < –1) or quintessence-like (w 

> –1) behavior at intermediate times, depending on parameters, but naturally tends 

to w ≈ –1 at both early times and in the far future. In other words, an entropy-driven DE 

from BHs could mimic a cosmological constant today while still being dynamic on 

shorter timescales, a feature that aligns well with current observational allowances and is 

reminiscent of MRET’s triggered acceleration epochs. Another line of inquiry connects 

holographic entropy bounds to dark energy. If one considers the total quantum vacuum 

energy in the universe and imposes that it not exceed the Bekenstein–Hawking entropy 

limit (the maximal information/entropy that can fit within the cosmic horizon), the vacuum 

energy density must scale inversely with the horizon area. This yields so-called holographic dark 

energy models, where ρ_DE ∝ (Horizon size)^(-2), and indeed can produce late-time 

acceleration of the right magnitude. Recent work has noted that if the IR cutoff for field 

modes is chosen such that the vacuum state saturates a black-hole entropy bound, one can 

derive a dark energy term of correct order. All these approaches highlight the 

thermodynamic re-interpretation of cosmic acceleration: rather than a mysterious fluid 

with negative pressure, late-time acceleration could be a manifestation of the universe 

tending toward a maximum entropy state, with black holes playing a crucial role as “agents” 

of entropy and energy redistribution. 

Contrasting MRET/HCC with Other New-Physics Models 

The challenges posed by the data (H₀ tension, hints of evolving w, structure growth discrepancies) 

have prompted many proposals beyond ΛCDM. Early Dark Energy (EDE) models, for example, 

add a short-lived burst of vacuum energy around recombination to raise the CMB-inferred H₀, while 

interacting dark energy scenarios allow energy exchange between dark matter and dark energy to 

adjust late-universe expansion. One recent “hybrid dark sector” model uses two scalar fields (one 

DE, one DM) with a coupling ∝ 1/φ, designed to address both H₀ and S₈ tensions. This model 

indeed finds that allowing a small DM→DE decay can raise H₀ and slightly lower σ₈, easing both 

tensions, although fit comparisons show only marginal improvement unless local H₀ data are 

included. Modified gravity (MG) theories are also continually tested: e.g. f(R) gravity or evolving 

gravitational coupling can mimic acceleration without a true Λ term, and frameworks like massive 

gravity, Galileons, or extra dimensions have seen renewed scrutiny in light of tensions. Thus far, 

however, these alternatives often face fine-tuning issues or conflict with precision tests (e.g. MG 

affecting light deflection or laboratory bounds on G). The MRET/HCC framework sets itself 

apart by rooting the explanation of acceleration in well-defined astrophysical and thermodynamic processes 

rather than in additional fields or ad hoc parameters. Its advantages include: 

• Causal Triggering: Cosmic acceleration in MRET is not a coincidental late-time feature but 

is causally triggered by the accumulation of mass in black holes reaching a threshold. This 

provides a timing mechanism (linked to structure formation history) for why acceleration 

began when it did, something most DE models simply parameterize but do not explain. The 



growing empirical evidence of black hole coupling and the correspondence of BH 

demographic evolution with the timing of acceleration strengthen this narrative. 

• Thermodynamic Consistency: By framing expansion as a “back-reaction” to entropy 

reclassification (mass shifting from luminous matter to horizon-enclosed gravity), 

MRET/HCC connects cosmic acceleration to the second law of thermodynamics. This 

perspective might naturally avoid the fine-tuning of Λ (why now?) because the expansion 

rate becomes a dynamical response to the universe’s internal state. Other models like 

holographic DE share this spirit, but MRET/HCC pinpoints black holes as the mediators 

of this thermodynamic feedback, which is a testable distinction (e.g. via the specific redshift 

dependence of any coupling-induced effects). 

• Testable Astrophysical Correlations: If expansion is tied to black-hole processes, we 

might expect subtle correlations, such as residual effects in the expansion history near 

epochs of rapid BH growth or mergers. Future surveys (gravitational wave backgrounds, 

detailed SN residuals, etc.) could check for features concurrent with, say, the peak of quasar 

activity. Competing models (EDE, MG, etc.) typically predict smooth deviations or need 

extra coincidence to align with astrophysical milestones, whereas MRET/HCC inherently 

links them. 

In summary, the period 2024–2026 has seen a convergence of observational hints of new physics, 

from supernovae and the Hubble tension to large-scale structure and early JWST discoveries, and 

novel theoretical ideas that mesh remarkably well with the Mass Redistribution Expansion Theory 

and Horizon-Coupled Cosmology. The narrative focus of MRET/HCC on black-hole-timed, 

entropy-driven acceleration is gaining support: Type Ia supernova residuals and DESI suggest that 

dark energy may not be a static cosmological constant (consistent with a “triggered” onset of 

acceleration), the H₀ tension and JWST’s early-universe findings both demand a rethinking of 

standard assumptions (which MRET addresses by introducing a late-time cosmic reaction to mass 

distribution changes), and perhaps most strikingly, the newfound evidence that black holes 

themselves can act as a source of dark energy provides a direct anchor for the HCC paradigm. 

While no single piece of evidence is yet conclusive, together they paint a picture in which the 

universe’s expansion history is intimately tied to thermodynamic and gravitational structure formation 

processes. This is precisely the paradigm shift that MRET and HCC bring to the table, recasting 

cosmic acceleration from an unexplained “entity” (Λ or a scalar field) to an emergent 

phenomenon triggered by the universe’s own progression toward higher entropy states via black 

hole formation. The next few years will be critical in further testing this framework, but current 

developments have undoubtedly strengthened the case for an entropy-based, horizon-coupled 

cosmic acceleration mechanism. 


