The Void Energy-Regulated Space Framework
Explains Unexpectedly Bright Early Galaxies

Abstract

The James Webb Space Telescope has revolutionized our view of the early universe, revealing
galaxies that are surprisingly bright and massive at extreme distances—corresponding to when
the universe was less than 500 million years old. These observations challenge our standard
models of how quickly galaxies can form and grow.

We propose that these observations can be naturally explained by the Void Energy-Regulated
Space Framework (VERSF), which extends Einstein's general relativity by adding a single
entropy-dependent factor that modulates the flow of time itself. Rather than time ticking
uniformly throughout the cosmos, VERSF predicts that time flows faster in regions with specific
entropy conditions, accelerating star formation, stellar evolution, and black hole growth in the
early universe.

This framework makes specific, testable predictions that distinguish it from conventional
astrophysics: galaxies should appear brighter and more evolved when viewed through regions of
space with higher projected matter density—a correlation that can be measured with current and
upcoming surveys.

1. Introduction: JWST's Revolutionary Discoveries

What We're Seeing

The James Webb Space Telescope (JWST) has peered deeper into space—and further back in
time—than any previous observatory. When we look at very distant galaxies, we're seeing them
as they were billions of years ago, because their light has taken that long to reach us. The most
distant confirmed galaxies observed by JWST have redshifts greater than 12, meaning we're
seeing them as they existed when the universe was only about 400 million years old—Iess than
3% of its current age.

The Surprise

What has stunned astronomers is that these ancient galaxies appear remarkably bright and
massive. According to our standard models of cosmic evolution (the Lambda-Cold Dark Matter
model combined with Einstein's general relativity), galaxies this early in cosmic history should
still be small, faint, and in the early stages of formation. Instead, JWST is finding:

* Bright galaxies where few should exist — the UV luminosity function shows far more luminous
galaxies at high redshifts than predicted.



* Rapid stellar assembly — some galaxies appear to have assembled billions of stars' worth of
mass in what should have been insufficient time.

» Massive black holes — active galactic nuclei indicating supermassive black holes that grew
faster than conventional physics easily allows.

The Standard Model's Challenge

Our current best model of the universe (ACDM + General Relativity) successfully explains the
large-scale structure we see today and many aspects of cosmic evolution. However, it struggles to
account for these bright early galaxies without invoking extreme and fine-tuned astrophysical
processes—essentially assuming that the first galaxies were extraordinarily efficient at converting
gas into stars, or that our understanding of stellar physics in the early universe needs major
revision.

2. The VERSF Solution: Time as an Entropy-Driven Process

The Core Insight

The Void Energy-Regulated Space Framework starts from a fundamental reexamination of time
itself. Rather than treating time as a uniform cosmic metronome that ticks at the same rate
everywhere (as in standard relativity), VERSF proposes that time emerges from the flow of
entropy through space.

In regions where entropy density varies—whether due to matter concentrations, quantum field
fluctuations, or thermal gradients—time flows at different rates compared to the baseline
predicted by general relativity alone. This is compatible with directions explored in emergent
time, thermodynamic gravity, and holographic approaches.

The Mathematical Framework
Eq. (1) Time Dilation Factor: f(Z)= (¢ +Z)"p

Eq. (2) Entropy Density Model: X(A, z) = Xo(z) - exp(a A)
Eq. (3) Modified Proper Time: dtv/dt=N_GR(x, t) x f(X)

Here X is the local (or line-of-sight weighted) entropy density, € is a small baseline ensuring the
factor never vanishes, and p controls the sensitivity of the time-flow modulation to entropy
variations. A denotes the smoothed matter overdensity and z is redshift. N_GR is the usual GR
lapse function. All process rates scale with f(X), so any observable tied to integrated rates (SFR,
stellar evolution, BH accretion) acquires an effective acceleration.

Parameter Estimation
From broader VERSF applications (e.g., compact objects, precision timing), indicative ranges
are: p~0.1-0.3, a = 0.05-0.15, e = 0.01. These act as priors; GR is recovered at p = 0.



2.1 Symbols & Units (at first use)

Symbol Meaning Units / Notes

z Entropy density (local or arb. (normalized); monotone
LOS-weighted) with structure

€ Baseline offset ensuring dimensionless, ~ 0.01
f(X)>0

p Entropy-time coupling index  dimensionless, 0.1-0.3 (prior)

o Coupling of £ to overdensity ~ dimensionless, 0.05-0.15
A (prior)

A Smoothed matter overdensity  dimensionless (dp/p) on 2—5

Mpc

z Cosmological redshift —

N _GR GR lapse dimensionless
(proper-to-coordinate time)

M UV Rest-UV absolute magnitude ~ AB mag

o(M_UV,z) UV luminosity function number density mag— Mpc

K CMB-lensing convergence dimensionless

(projected density)

3. Applications to Early Galaxy Formation

3.1 Accelerated Star Formation
Eq. (4) Standard: dM*/dt=¢* - M _gas/t dyn

Eq. (5) VERSF: dM*/dt=1(X) - €* - M_gas/t dyn

In higher-X environments, f(X)>1, effectively boosting star-formation efficiency by factors of
~1.5-2 for typical early conditions.

3.2 Modified Stellar Evolution and Apparent Ages
Eq. (6) Effective Stellar Age: A_eff = ot f(Z(t)) dt'

SED-inferred ages track A_eff, not coordinate time t. Thus populations can appear older (and
brighter) than their chronological age in high-X regions.

3.3 Enhanced Black Hole Growth
Eq. (7) Standard Eddington Growth: Ms(t) = Meo - exp(t/t_S)



Eq. (8) VERSF-Enhanced Growth: Me(t) = M2 - exp( fort f(Z(t))/t Sdt")

Integrating over f(X) yields ~2—5x higher masses by z = 9-12 relative to the same duty cycle
under GR.

3.4 Modified UV Luminosity Function
Eq. (9) VERSF LF (schematic): ¢(M_UV,z) = [[ n(M_h,z) - P(AM_h) - P(M_UV|M_h,A; f)
dM_h dA

The bright end is most affected because massive halos inhabit overdense (higher-X) regions
where f(X) induces larger boosts to integrated rates.

4. Specific Testable Predictions

4.1 Quantitative Luminosity Function Predictions

Bright-end enhancement at z~12: ¢ VERSF(M_UV <-20.5) = 2-4 x ¢_standard, yielding =~1-3
galaxies with M_UV <—21 per 100 arcmin®. The enhancement strengthens with redshift as
entropy effects become relatively more important.

4.2 Environmental Correlation — The Smoking Gun
Eq. (10) Environment-Brightness Trend: (M_UV)(x)=(M _UV)o— B - log(1 + «/Ko)

Typical expectation B ~ 0.3-0.5 mag. Only an entropy-modulated time flow predicts this
monotone correlation with projected density tracers (galaxy overdensity, CMB-lensing «).

4.3 Black Hole Mass Enhancement
Prediction: (M_BH) VERSF/(M_BH) standard = 2-5 at z ~ 9—12, with the same environmental
dependence as the galaxy-brightness signal.

5. Comparison with Current JWST Observations

5.1 Supporting Evidence

UV luminosity functions from CEERS, JADES, and GLASS indicate elevated bright-end
densities at z > 10; individual sources (e.g., GLASS-z12, JADES-GS-z14-0) appear unusually
luminous and mature. AGN at z > 8§ suggest rapid early black-hole growth consistent with
VERSF’s integrated-rate acceleration.

5.2 Preliminary Environmental Hints

Cluster fields (high-x sightlines) show elevated counts of bright high-z galaxies beyond simple
magnification expectations (with caveats about selection). Some proto-cluster indications hint
that the earliest luminous systems prefer overdense regions.



6. Addressing Potential Objections

Objection 1 — Standard astrophysics can explain the counts via parameter tuning.
Response — Such tuning lacks the environment-conditioned slope VERSF predicts; a null
correlation with « falsifies VERSF.

Objection 2 — Unnecessary complexity.
Response — VERSF adds a single global parameter (p), with GR recovered at p=0; it is a nested,
falsifiable extension.

Objection 3 — Environmental correlations are hard to detect.
Response — Current/near-term samples (JADES, COSMOS-Web) plus improved lensing maps
(ACT/SPT/Simons) enable decisive tests.

Objection 4 — Post-hoc theorizing.
Response — VERSF predates JWST’s surprises; early-galaxy consequences flow directly from
its entropy-time coupling.

7. Future Observational Tests

Statistical evolution of the bright end, k-split luminosity comparisons, spectroscopic SED-age
offsets, and AGN mass demographics versus k will collectively test the framework.

8. Implications for Cosmology and Fundamental Physics

If validated, VERSF indicates that time is emergent and entropy-modulated, linking
thermodynamic and geometric descriptions and motivating re-analyses of stellar and
cosmological inferences.

9. Conclusion

VERSF provides a unified, single-knob explanation for unexpectedly bright early galaxies by
modulating effective time flow with entropy. Its distinguishing prediction—
environment-conditioned brightening tied to projected density—offers a clean, near-term
observational discriminator from conventional astrophysical explanations.

Appendix A: Current Observational Status

Environmental Correlation Evidence

Lensed fields show elevated counts but require careful magnification and selection controls.
Blank-field surveys report bright-end excesses; environment-split analyses at z>10 remain to be
published.



Statistical Requirements for Decisive Tests
Samples of 2100 galaxies at z>10 with robust photometry and x characterization are sufficient;
improved Kk maps at ~1' resolution will sharpen tests.

Relationship to Other Theoretical Approaches

VERSEF preserves Einstein’s equations and modifies effective temporal flow; it differs from
modified gravity, non-Gaussian initial conditions, and alternative DM models by predicting an
explicit environment-brightness correlation.

Appendix B: Reproducible Environment
Goal: Test whether brighter z=Z 10 galaxies preferentially lie on higher « sightlines than matched
controls.

Inputs:
* JWST public catalogs (CEERS/JADES/GLASS) — RA/Dec, photo-z, M_UV.
* Public CMB-lensing k map (Planck PR4 or ACT DR6), reprojected to survey tiles.

Method:

1) Mask stars/edges; homogenize depth across fields.

2) Sample « at each galaxy position; generate matched randoms within identical footprints.

3) Compare k distributions for bright subsample vs. controls: KS/AD tests with bootstrap.

4) Regress M_UYV on « controlling for z, size, S/N; report slope and significance.

5) Treat strong-lensing cluster fields separately or down-weight to control magnification bias.

Expected VERSF Signal: Positive slope — brighter galaxies at higher «; effect size p = 0.3-0.5
mag.



Fig. 1 — Schematic: GR lapse N_GR vs. VERSF N_GR x f(X) (cartoon).

Fig. 1 — GR vs. VERSF Lapse
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Fig. 2 — Toy UVLF bright-end shift: GR (p=0) vs. VERSF (p>0).

Fig. 2 — UV Luminosity Function
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Fig. 3 — BH growth tracks with and without {(X).

Fig. 3 — BH Growth Tracks
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Fig. 4 — Environment discriminator: AM_UYV vs. k bands for a few p values.

Fig. 4 — Brightness vs. k
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