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Executive Summary

The James Webb Space Telescope's discovery of unexpectedly massive and luminous galaxies in the early universe has
created genuine tensions with predictions of the standard ACDM cosmological model. The available evidence describes
these as tensions with ACDM and challenges to standard galaxy formation models, with multiple proposed explanations
under active investigation. Whether these tensions require only refinements to astrophysical models or more

fundamental changes to cosmology remains an open question.

1. The Observations: "Impossible" Early Galaxies

JWST has revealed an unexpectedly high abundance of bright galaxy candidates at redshifts greater than 10, including

massive, evolved galaxies appearing mature just ~300 million years after the Big Bang (arxiv 2312.12109; arxiv

2406.15548; Circular Astronomy). This population of UV-bright and possibly overly massive galaxies at z = 7—-10
introduces strong tension with ACDM's hierarchical growth predictions, which do not easily account for such rapid early

galaxy formation.

2. Nature of the Tension

The tension created by JWST findings is significant but specific: it challenges galaxy formation models within the

standard cosmological framework rather than the Big Bang theory in its entirety (Circular Astronomy). The observations

suggest that either star formation efficiency was radically higher in the early universe than previously assumed, or that
fundamental cosmological parameters must be modified. This framing indicates the issue remains an open question with
multiple possible resolutions — some of which preserve the core of ACDM, while others would require more substantial

modifications.

Robust spectroscopic confirmation of galaxies at redshifts z = 10, along with accurate constraints on the faint-end slope
of the UV luminosity function, are identified as crucial next steps for resolving both the ionizing photon budget and this
apparent tension (Circular Astronomy).

3. Proposed Explanations Within or Near the Standard Model

3.1 Bursty Star Formation

Research using the FIRE (Feedback in Realistic Environments) cosmological zoom-in simulations at redshifts z > 5

provides one of the most developed explanations. Both observations and simulations show strong evidence that star
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formation in low-mass and/or high-redshift galaxies is highly time-variable, or "bursty," rather than smooth and

continuous (arxiv 2305.02713).

Critically, high-redshift galaxy samples observed by JWST are rest-UV selected, making them particularly sensitive to
recent bursts of star formation activity. Galaxies caught during a burst phase would appear anomalously bright and
massive, potentially explaining why some early galaxies seem surprisingly luminous or abundant under standard
assumptions. The FIRE simulations demonstrate that accounting for bursty star formation histories significantly changes

the interpretation of JWST detections, suggesting the surprisingly bright early galaxies do not necessarily require exotic

physics (arxiv 2305.02713).
3.2 Variable Initial Mass Function (IMF)

Researchers have explored whether a stellar initial mass function that becomes increasingly top-heavy at higher redshifts
and lower gas-phase metallicities could account for the higher abundance of luminous objects observed in the early
universe (arxiv 2312.12109). A top-heavy IMF would produce more massive, luminous stars per unit of star-forming gas,
making galaxies appear brighter without requiring more total mass.

3.3 Radically Higher Star Formation Efficiency

It has been proposed that star formation efficiency in the early universe was simply much higher than models previously

assumed (Circular Astronomy). This would allow galaxies to build up stellar mass more rapidly within the available dark

matter halos, reconciling observations with ACDM structure formation.
3.4 Early Dark Energy (EDE)

A more ambitious proposal involves Early Dark Energy as a unified solution addressing both the Hubble tension and the
JWST massive bright galaxy puzzles. Researchers Xuejian Shen, Mark Vogelsberger, Michael Boylan-Kolchin, Sandro
Tacchella, and Rohan P. Naidu used an empirical galaxy formation model to explore whether EDE could alleviate the

tensions between JWST observations and standard cosmology (arxiv 2406.15548). This approach modifies the

cosmological model itself rather than just the astrophysics, but represents an extension of — not a replacement for — the

Big Bang framework.

4. Alternative Theories

Beyond modifications within or near ACDM, Constant Creation Cosmology has been proposed as a potential alternative.
MOND (Modified Newtonian Dynamics) and its relativistic extensions are not specifically cited as explanations for these

early galaxy observations in the available literature reviewed here (Circular Astronomy).

5. Areas of Uncertainty and Ongoing Research

Several important uncertainties remain:

» Observational confirmation: Many high-redshift galaxy candidates still require robust spectroscopic
confirmation. Photometric redshift estimates can be unreliable, and some initially reported candidates may turn
out to be at lower redshifts than first thought.

« Selection effects: The rest-UV selection of JWST samples introduces systematic biases that are still being
quantified. Bursty star formation could cause significant overestimates of the true abundance of massive early
galaxies.

» Model degeneracies: Multiple explanations (bursty star formation, top-heavy IMF, higher efficiency, Early
Dark Energy) can each partially account for the observations, and distinguishing among them requires additional
data.
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« Scope of the challenge: The available evidence describes tensions with ACDM and challenges to standard
galaxy formation models, but the extent to which these tensions threaten the broader Big Bang framework versus
only sub-models of galaxy formation remains actively debated and cannot be definitively resolved from the
sources reviewed here.

« Rapid pace of research: The field is evolving quickly, with key papers submitted and revised throughout

2023—2024 (arxiv 2406.15548; arxiv 2305.02713), and conclusions may shift as more data accumulate.

6. Conclusion

The JWST discoveries of bright, massive galaxies in the early universe have exposed significant tensions with the
standard ACDM cosmological model's predictions for early galaxy formation. The available literature frames these as
challenges to galaxy formation models and as tensions with ACDM, with proposed resolutions ranging from
astrophysical refinements (star formation efficiency, IMF variability, bursty star formation) to possible cosmological
extensions (such as Early Dark Energy). Whether these tensions ultimately require only model adjustments or more
fundamental revisions to cosmological theory remains an open and actively investigated question. The situation is best
characterized as an unresolved but productive tension that is driving rapid advances in our understanding of the early

universe.
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Claim

JWST observations have revealed an unexpectedly high abundance of

bright galaxy candidates at redshifts greater than 10.

Researchers explored whether a stellar initial mass function that
becomes increasingly top-heavy towards higher redshifts and lower gas-
phase metallicities could result in a higher abundance of bright objects

in the early universe.

JWST has revealed a large population of UV-bright galaxies at z>10 and
possibly overly massive galaxies at z>7 that challenge standard galaxy

formation models in Lambda-CDM cosmology.

Researchers Xuejian Shen, Mark Vogelsberger, Michael Boylan-
Kolchin, Sandro Tacchella, and Rohan P. Naidu used an empirical
galaxy formation model to explore the potential of Early Dark Energy
(EDE) to alleviate tensions between JWST observations and standard

cosmology.

The paper proposes Early Dark Energy as a unified solution to both the
Hubble tension and the puzzles of massive bright galaxies revealed by

JWST.

The paper was originally submitted on June 21, 2024, and last revised

on July 8, 2024, to the astro-ph (Astrophysics of Galaxies) section of

arXiv.

Both observations and simulations have shown strong evidence for
highly time-variable star formation in low-mass and/or high-redshift

galaxies.

High-redshift galaxy samples are rest-UV selected and therefore
particularly sensitive to recent star formation activity.

The FIRE (Feedback in Realistic Environments) project cosmological
zoom-in simulations at z>5 were used to examine the implications of

bursty star formation histories for JWST observations of high-redshift

galaxies.

The paper was submitted on 4 May 2023 and last revised on 18

September 2023.

A review on high-redshift cosmology in the JWST era discusses tensions
with ACDM from early massive galaxies and mentions potential
modifications including Early Dark Energy and Constant Creation
Cosmology, but does not specifically cite MOND or its relativistic

extensions as explanations for JWST early galaxy observations.

JWST has revealed an unexpected population of massive, evolved
galaxies at ultra-high redshifts (zx10), appearing mature just ~300
million years after the Big Bang, which introduces strong tension with
ACDM hierarchical growth predictions.
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The provided findings from the searched sources do not contain any
peer-reviewed papers by Stacy McGaugh, Mordehai Milgrom, or other
prominent MOND proponents that specifically cite JWST early galaxy
observations as evidence supporting Modified Newtonian Dynamics or

its relativistic extensions.

Using FIRE cosmological zoom-in simulations at z>5, researchers
found that bursty star formation histories have important implications
for JWST observations because high-redshift galaxy samples are rest-
UV selected and therefore particularly sensitive to recent star

formation.

The FIRE project simulations show strong evidence for highly time-
variable (bursty) star formation in low-mass and/or high-redshift

galaxies.

Bursty star formation in FIRE simulations can cause galaxies to appear
temporarily brighter in rest-UV, potentially explaining the unexpectedly
high abundance of luminous galaxies observed by JWST at high
redshifts without requiring revisions to star formation efficiency
prescriptions.

JWST has revealed an unexpected population of massive, evolved
galaxies at ultra-high redshifts (zz10), appearing mature just ~300
million years after the Big Bang, introducing strong tension with
ACDM's hierarchical growth predictions.

The tension between JWST findings and ACDM predictions suggests
that either star formation efficiency was radically higher in the early
universe or that fundamental cosmological parameters must be
modified, with proposed alternatives including Early Dark Energy and
Constant Creation Cosmology.

Radically higher star formation efficiency has been proposed as a
modification within ACDM to explain the unexpectedly massive and
evolved galaxies observed by JWST at zz10, as an alternative to
adopting entirely new cosmological frameworks.

Resolving the ACDM tension requires meticulously accounting for
Cosmic Variance, which dominates the error budget for rare objects at
high redshifts.

Robust spectroscopic confirmation of zz10 galaxies and accurate
constraints on the faint-end slope of the UV luminosity function are
identified as crucial for resolving the ionizing photon budget and the
apparent tension with ACDM.
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Verification Debate (2 rounds)

Round 1 — Verdict: REVISE

Critic Feedback:
OBJECTION:

CLAIM: "However, based on the available evidence, these findings have not scientifically disproven the Big Bang theory or
the standard cosmological model."

VERDICT: UNCERTAIN

SEVERITY: MAJOR

CATEGORY: injected_knowledge

REASON: The provided evidence discusses "tensions with ACDM" and challenges to "standard galaxy formation models,"
but

Round 2 — Verdict: REVISE

Critic Feedback:
OBJECTION:

CLAIM: The term "impossible" galaxies, while attention-grabbing, reflects the fact that these objects are difficult to explain
under prior assumptions about star formation efficiency and early cosmic structure — not that they violate fundamental
physics.

VERDICT: UNCERTAIN

SEVERITY: MAJOR

CATEGORY: injected_knowledge

REASON: The provided evidence does not mention the
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