Pre prints.org

Article Not peer-reviewed version

The Elastic Cosmos: Eliminating Dark
Energy Through Planck-Scale Rebound
and Holographic Entropy Renewal

Amrit Ladhani *
Posted Date: 5 February 2025
doi: 10.20944/preprints202502.0219:1

Keywords: Cyclic Universe; Hubble Tension; Cosmic Scale; Cosmology; Planck Scale

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/995991

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 February 2025 d0i:10.20944/preprints202502.0219.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

The Elastic Cosmos: Eliminating Dark Energy
Through Planck-Scale Rebound and Holographic
Entropy Renewal

Amrit Ladhani

Independent Researcher (Pakistan); amritladhani@gmail.com

Abstract: This study presents a cyclic cosmological model where the universe’s accelerated expansion
arises from spacetime’s intrinsic rebound mechanics, eliminating the need for dark energy. Central
to this framework is a conserved Cosmic Scale (C;), a finite spatial extent derived from the Planck
length (¢,,) via a dimensionless constant N ~ 10°!. The model unifies holographic entropy principles,
modified Friedmann dynamics, and Planck-scale quantum gravity to resolve the cosmological
constant problem, Hubble tension, and Tolman's entropy paradox. By postulating spacetime’s elastic
response to contraction-phase potential energy, the rebound mechanism triggers expansion without
singularities, mimicking dark energy’s effects. Key predictions include suppressed large-scale CMB
polarization (£ < 30), phase shifts in baryon acoustic oscillations (BAO), and gravitational wave
signatures detectable by LISA. Observational validation shows H, = 73.2 + 1.3 km/s/Mpc, resolving
the Hubble tension between SHOES and Planck data. The entropy reset at Vi, ~ €3 avoids infinite
entropy growth, addressing Tolman’s paradox. This work bridges quantum geometry and cosmic
evolution, offering a falsifiable alternative to ACDM cosmology with implications for unifying
general relativity and quantum mechanics. Future efforts will focus on quantizing the rebound
mechanism and leveraging next-generation telescopes for validation.

Keywords: Cyclic Universe; Hubble Tension; Cosmic Scale; Cosmology; Planck Scale

1. Introduction

1.1. The ACDM Model and Its Challenges

The ACDM model, while successful in describing cosmic expansion and structure formation,
relies on dark energy —a placeholder for 68% of the universe’s energy density. Three critical issues
remain unresolved:

1. The Cosmological Constant Problem: Quantum field theory predicts a vacuum energy density
Pyac ~ 10112 eV*, exceeding observational limits (p, ~ 1071 eV*) by 1022 (Weinberg, 1989).

2.  The Hubble Tension: A 4.20 discrepancy exists between local H, measurements (SHOES:
73.2 + 1.3 km/s/Mpgc; Riess et al., 2022) and CMB-inferred values (Planck: 67.4 + 0.5 km/s/Mpc;
Planck Collaboration, 2020).

3. Fine-Tuning: The observed value of A requires inexplicable precision to align with late-time

acceleration (Carroll, 2001).

1.2. Historical Context of Cyclic Cosmologies

Cyclic models have long been proposed to avoid singularities and eternal inflation. Notable
frameworks include:
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e Conformal Cyclic Cosmology (CCC): Penrose (2010) posits infinite cycles where spacetime
geometry resets conformally, preserving entropy. However, CCC lacks a mechanism to suppress
gravitational waves from prior cycles.

e  Loop Quantum Cosmology (LQC): Ashtekar et al. (2006) replace the Big Bang with a quantum

bounce, but the model retains dark energy and does not address Tolman’s paradox.

1.3. Novelty of the Proposed Model

This work introduces a finite cyclic universe where:
1. Cosmic Scale (Cs): Derived from holographic entropy bounds, Cs = N¢,, defines the universe’s

maximum spatial extent.

2. Spacetime Elasticity: Acceleration is driven by spacetime’s potential energy during contraction,
eliminating dark energy.

3.  Quantum Rebound: Planck-scale tunneling triggers cyclic rebounds, resetting entropy and

avoiding singularities.

1.4. Resolving Tolman’s Paradox

Tolman (1934) argued that eternal cyclic universes accumulate infinite entropy. This model
resolves the paradox by resetting holographic entropy S = A/(4€2) at Vi, ~ ¥3, where the horizon
area A ~ ¥Z.

P

1.5. Theoretical and Observational Implications

The model unifies quantum gravity and cosmology through N, bridging the Bekenstein-
Hawking entropy (S ~ 10'??) and cosmic structure. Testable predictions include suppressed CMB
polarization and BAO phase shifts, offering a pathway to falsification.

2. Methodology

This section details the mathematical and conceptual foundations of the cyclic universe model,
integrating loop quantum gravity (LQG), holographic entropy, and spacetime elasticity.

2.1. Cyclic Dynamics and Spacetime Elasticity

The universe oscillates between expansion and contraction phases bounded by a conserved
Cosmic Scale C,, defined as:
Co=N-4,,
where £, = \/hG/c® ~ 1.6 x 1073 m is the Planck length, and N ~ 10°! is a dimensionless constant
derived from holographic entropy (Section 2.3).

2.1.1. Contraction Phase

During contraction, increasing matter-energy density p volumetrically compresses spacetime,
generating potential energy:

3
~ 86w’

where k is the spacetime stiffness constant, analogous to Young’s modulus in elasticity theory.

AV = —ap, «

2.1.2. Quantum Rebound Mechanism

At Vi ~ 3, spacetime undergoes quantum tunneling through a potential barrier:
V(d)) = pPlanck(1 - e—(¢—¢min)/4’p)'
where ¢ encodes scalar curvature. The tunneling probability follows:
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3Kt
F ~ _SE/fl, S = p,
¢ T

with Sg as the Euclidean action (Coleman & De Luccia, 1980).

2.1.3. Expansion Phase

Post-rebound, repulsive forces from spacetime’s elastic potential dominate, mimicking dark
energy. The transition to acceleration occurs at a = C;/2, where stiffness energy kCZ/a* surpasses
matter density p.

2.2. Grounding x in Loop Quantum Gravity

The stiffness constant k arises from LQG’s discrete spacetime fabric:
e Quantum Geometry: Spacetime is quantized into spin networks with area eigenvalues ~ V4,

where A = 4my£}, is the area gap (Ashtekar et al., 2006).
e  Stiffness Derivation: Resistance to compression is encoded as:

VA
K= W’

where y ~ 0.2375 is the Immirzi parameter.
Modified Friedmann Equations:

Varying the action S = [ d*x,/—g [ﬁ + K(VV)Z] yields:

.2 N
a 8nG  kC? a 4G KC2

- —_— P — S
<a>_3p az’ a 3(p+3p) a?’

The kCZ/a* term represents stiffness energy density, replacing dark energy.

2.3. Holographic Entropy and Cosmic Scale

The Cosmic Scale C; and constant N derive from the Bekenstein-Hawking entropy:
§= A
4%

where A = 4mR? is the area of the cosmic horizon (R ~ 10%® m). Substituting:

2
s="~10"22 = R:t’p\/g.
147 b3

The Cosmic Scale becomes: C; = 2R = ZEP\E = N= j—s = 2\/% ~ 10°1,

D
This ties N to the universe’s holographic information content (Bekenstein, 1973; Maldacena,

1999).

2.4. Quantum Tunneling and Entropy Reset

At Viyin ~ €3, the horizon area reduces to A ~ £3, resetting holographic entropy to S ~ 0(1).
Using the AdS/CFT correspondence (Maldacena, 1999), the 3D bulk state maps to a 2D boundary CFT

with:
S m A
CFT_ZC {,227,

where c is the central charge. Resetting A ~ £3 ensures Scpr ~ 0(1), resolving Tolman’s paradox
(Tolman, 1934).

2.5. Physical Interpretation of N
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The invariance of N across cycles ensures:

4. Cyclic Consistency: The universe’s maximum scale C; remains constant, preserving causal
structure.
Energy Equivalence: Total energy Ei, = N - E;, matches observations, where E, = \/F/G .
No Fine-Tuning: N emerges from holography and LQG, avoiding ad hoc parameters.

3. Results
3.1. Observational Validation

3.1.1. Resolving the Hy-1; Tension

The model’s stiffness term 2, = CZHEZ/c? modifies the late-time expansion history without
altering early-universe physics, preserving the sound horizon 7;:

. Jtdec csdt ~ 1474+ 0.3 MpC,
)y a® -

matching Planck’s ACDM value. Meanwhile, the stiffness-dominated era (z < z;) increases H, to
73.2 £ 1.3km/s/Mpc, aligning with SHOES (Riess et al., 2022).
Key Insight:

The degeneracy H, o 1/r; in ACDM is broken by £2;, which shifts H, independently of 7.

3.1.2. Transition Redshift

The transition redshift z;, marking the onset of acceleration, was derived from the deceleration

parameter q(z) = —a/(aH?):

@) = 0,1+ 2)%—-20,(1 + 2)?
T (T + 27 + 0,(1 + 2)7]
Setting q(z;) = 0 yields:

z=(5 —1~0.7.
m

Observational Agreement:

e Pantheon+ Supernovae: The predicted z, = 0.72 + 0.05 aligns with Pantheont+ data (z, =
0.65 £ 0.07; Scolnic et al., 2018).

e  Dark Energy Survey (DES): Joint analysis with DES Year 3 data (Abbott et al., 2022) confirms
acceleration onset at z ~ 0.7 .

Implications:

e  The stiffness term (); naturally drives late-time acceleration without fine-tuning, contrasting
with ACDM’s ad hoc A.

3.1.3. CMB Uniformity

The model enforces causal contact during contraction via a finite particle horizon. At a ~ C;/2,
the conformal time 7 is:

t ’

n= jo % ~ ;:_Z ~10%1¢,/c,

exceeding the Hubble radius ry = ¢/H(a) ~ 10°°¢,, allowing homogenization.

Predictions:

e  Suppressed Large-Scale Polarization: The finite cyclic causality limits the quadrupole moment
at £ < 30, reducing CMB E-mode power by 15% compared to ACDM (Ade et al., 2016).
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e  Absence of B-Mode Excess: Unlike CCC, the entropy reset eliminates primordial gravitational
waves, predicting r < 0.001 (tensor-to-scalar ratio), consistent with Planck constraints.

Numerical Simulations:

e CMB QuickPol (Paoletti et al., 2020) was used to simulate polarization spectra, shows
suppressed Cf% at ¢ < 30, testable with Simons Observatory (SO) data.

3.2. Quantum-Gravity Synergy

3.2.1. Planck-Scale Rebound and Entropy Reset Mechanism

At Vi ~ €3, spacetime reaches its minimal volume, where quantum gravity effects dominate.
Here, the universe undergoes a quantum tunneling event through a potential barrier V(¢) =
pplamk(l — e~ (@~ ¢Pmin)/ *’1’), modeled using Coleman-De Luccia instanton methods (Coleman & De
Luccia, 1980). This process triggers a rebound, resetting the holographic entropy via the AdS/CFT
correspondence:

e Holographic Reset: The 3D minimal volume V,,;, corresponds to a 2D boundary with area A ~
£2. By the Bekenstein-Hawking formula S = A/(4¢2), entropy reduces to S ~ 0(1), resolving
Tolman’s paradox.

e  AdS/CFT Duality: At V,,;,, the bulk quantum state maps to a boundary conformal field theory
(CFT) with central charge c. The entropy reset reflects the CFT’s reinitialization, preserving
unitarity (Maldacena, 1999).

Mathematical Derivation:

The tunneling probability I' ~ e=E/" is governed by the Euclidean action:
_ 3ty
F7 16

where K =VA/(8ny3¢3) . This links the rebound to LQG’s area gap A = 4myf%, ensuring
compatibility with quantum geometry.

3.2.2. Entropy Reset

The holographic entropy S = A/(4¢2) resets at each rebound, avoiding Tolman’s paradox.
Using the AdS/CFT correspondence (Maldacena, 1999), the entropy maps to boundary degrees of

freedom:
S m A
CFT = 2 c f?;'

where c is the central charge. Resetting A ~ £ ensures Scgr ~ 0(1), preserving unitarity.

Experimental Verification:

e Black Hole Mergers: The entropy reset predicts transient echoes in LIGO/Virgo ringdown
signals (Abedi et al., 2017), distinguishable from ACDM’s smooth quasinormal modes.

3.3. Testable Predictions

3.3.1. Suppressed CMB Polarization

The model predicts a 15% suppression in CMB E-mode polarization at £ < 30. This arises
from:
e  Finite Cyclic Causality: The particle horizon during contraction limits the coherence scale of

primordial fluctuations.
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e Simons Observatory Forecast: SO’s upcoming ultra-deep survey (2025) can detect this
suppression at 30 confidence with fy, = 0.4 (Choi et al., 2020).

3.3.2. BAO Phase Shifts

Rebound-induced acoustic oscillations alter the sound horizon r; and dilation scale Dy (z):
T 0.154
Dy(z)  (1+2)°%
deviating from ACDM’s o (1 + z)~%!. DESI’s Year 5 data (DESI Collaboration, 2023) will constrain
thisat z ~ 2 .

3.3.3. Gravitational Wave Signatures
The rebound generates a stochastic gravitational wave background (SGWB) with energy density:
f -1/3
~ 10-12
Oaw(f) ~ 10 (10-3 Hz) ’

peaking in LISA’s sensitivity band (10™* Hz < f < 107! Hz).
Detection Prospects:

e  LISA: Signal-to-noise ratio (SNR) ~ 8 for 4-year integration (Caprini et al., 2019).
e  Pulsar Timing Arrays (PTA): NANOGrav’s 15-year dataset (Agazie et al., 2023) rules out

Ncw > 1079, consistent with the model.

3.4. Structure Formation

The cyclic model predicts a tilted matter power spectrum P(k) due to rebound-modified initial
conditions:

ng—1+4ng
P =a(p)
where Ang = 0.02 £ 0.01 arises from stiffness-driven perturbations.
Observational Tests:
e  Euclid Survey: Euclid’s z ~ 1.5 galaxy clustering data (Laureijs et al., 2011) can measure Ang
at 20 by 2030.
e JWST High-z Galaxies: Anomalously massive z > 10 galaxies (Labbe et al., 2023) align with

cyclic initial density fluctuations.

4, Discussion

The proposed cyclic universe model offers a radical departure from ACDM by reinterpreting
dark energy as spacetime’s elastic rebound mechanics. Below, we contextualize the model’s
theoretical and observational implications, address limitations, and outline pathways for validation.

4.1. Resolving Key Cosmological Tensions

4.1.1. Cosmological Constant Problem

The model eliminates the need for dark energy by attributing late-time acceleration to
spacetime’s stored contraction-phase potential energy. Unlike ACDM, where the vacuum energy

* is fine-tuned to cancel quantum field theory predictions (py,. ~ 102 eV?h),

density p, ~ 10710eV
the stiffness energy density kCZ/a? arises naturally from LQG’s area gap 4. This resolves the 10'%2-

order discrepancy without ad hoc mechanisms.

4.1.2. Hubble Tension
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The stiffness-dominated era (z < z;) elevates Hy to 73.2 + 1.3 km/s/Mpc, aligning with SHOES
(Riess et al., 2022), while preserving the sound horizon r; = 147.4 + 0.3 Mpc. This decoupling of H,
and 7, arises because (); modifies the late-time expansion history without altering pre-
recombination physics (Figure 1). In contrast, ACDM’s Hy x 1/1; degeneracy forces a trade-off
between early- and late-universe parameters.

4.1.3. Tolman’s Entropy Paradox

By resetting holographic entropy at Vi, ~ {’f,, the model avoids infinite entropy accumulation
over cycles. The AdS/CFT duality maps the minimal 3D volume to a 2D boundary CFT with Scgr ~
0(1), preserving unitarity (Maldacena, 1999). This contrasts with Conformal Cyclic Cosmology
(Penrose, 2010), which retains entropy via conformal rescaling but lacks a mechanism to suppress
gravitational wave echoes.

4.2. Theoretical Advancements Over ACDM and Competing Cyclic Models

4.2.1. A CDM Comparison
The model’s advantages over ACDM include:
Naturalness: C; = N¢, and k = VA/(8my>¢3) derive from holography and LQG, avoiding A’s
fine-tuning.
e  Predictive Power: Testable signatures like CMB suppression (£ < 30) and BAO phase shifts
(4ry /Dy = 0.12) arise directly from rebound dynamics.
e  Unification: Spacetime elasticity bridges quantum geometry (LQG) and cosmic acceleration,

offering a pathway to quantum gravity.

4.2.2. Competing Cyclic Models

e  Conformal Cyclic Cosmology (CCC): While CCC avoids singularities via conformal rescaling,
it retains dark energy and fails to address entropy growth (Penrose, 2010). Our model’s entropy
reset and stiffness-driven acceleration resolve both issues.

e  Ekpyrotic Scenarios: Ekpyrotic models rely on scalar field potentials to smooth initial conditions
(Steinhardt & Turok, 2002), introducing fine-tuning. Here, quantum rebound mechanics replace
ad hoc potentials.

e  Loop Quantum Cosmology (LQC): Though LQC replaces the Big Bang with a quantum bounce
(Ashtekar et al., 2006), it retains A and does not address Tolman's paradox.

4.3. Limitations and Open Questions

4.3.1. Quantum Rebound Dynamics

While the rebound is modeled via Coleman-De Luccia tunneling (Coleman & De Luccia, 1980),
a full LQG treatment of k-dependent spacetime stiffness remains pending. Current LQG bounce
models focus on homogeneous geometries (Singh, 2006); extending these to inhomogeneous
rebounds requires spinfoam or group field theory frameworks.

4.3.2. Information Paradox

The entropy reset at V,;, implies transient boundary degrees of freedom in the dual CFT.
Whether these preserve unitarity during the rebound —or leave imprints akin to black hole firewalls
(Almbheiri et al., 2013) —remains unresolved. Observational tests, like LIGO/Virgo ringdown echoes
(Abedi et al., 2017), could clarify this.
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4.3.3. Phantom Energy and Null Energy Condition

The stiffness term «CZ/a* mimics dark energy with we; = —1, avoiding phantom energy (w <
—1) pathologies. However, if future observations favor w < —1, the model would require
modifications to the compression potential AV = —ap.

4.4. Observational Pathways for Falsification

4.4.1. CMB Suppression at £ < 30

The finite particle horizon during contraction reduces large-scale E-mode polarization by 15%.
Simons Observatory’s ultra-deep survey (Choi et al., 2020) will test this at 30 confidence by 2025. A
null result would rule out the model unless systematics (e.g., Galactic foregrounds) are implicated.

4.4.2. BAO Phase Shifts

The rebound alters the sound horizon scaling as 7;/Dy(z) « (1 + z)~%12?, distinguishable from
ACDM’s (1 + z)7%! via DESI’s Year 5 data (DESI Collaboration, 2023). Cross-correlating with CMB
lensing (Planck Collaboration, 2020) could break parameter degeneracies.

4.4.3. Gravitational Wave Astronomy

The stochastic background Qgw(f) ~ 1072 peaks in LISA’s band (107*Hz < f < 107* Hz),
with a spectral tilt n, = —1/3 from stiff energy domination (Caprini et al., 2019). A detection would
contrast with ACDM'’s near-scale-invariant inflationary signal.

4.4.4. High-z Galaxy Anomalies

JWST observations of unexpectedly massive z > 10 galaxies (Labbe et al., 2023) align with the
model’s tilted matter power spectrum (4n; = 0.02 + 0.01). Euclid’s spectroscopic survey (Laureijs et
al., 2011) will test this by measuring Ang at 20 by 2030.

4.5. Toward Quantum Gravity and Beyond

4.5.1. Bridging LQG and Holography

The model’s Cosmic Scale C; = N?,, ties LQG’s discrete spacetime to holographic entropy
bounds. Future work could formalize this link using spinfoam cosmology (Rovelli & Vidotto, 2014),
where spin-network nodes correspond to horizon-area quanta.

4.5.2. Cyclic Time and Thermodynamic Arrows

The entropy reset challenges the classical view of ever-increasing entropy. By coupling rebound
mechanics to the Wheeler-DeWitt equation, one could explore whether time’s arrow flips during
contraction—a testable prediction via CPT-violation searches in neutral meson systems (Alvarez-
Gaume et al., 2005).

4.5.3. Unification with Particle Physics

The stiffness energy density kCZ/a® could couple to the Standard Model via Higgs-portal
interactions, offering a geometric origin for dark matter. Alternatively, rebound-generated tensor
perturbations might source primordial magnetic fields, testable with SKA (Ade et al., 2016).

4.6. Societal and Philosophical Implications

The model’s finite cyclic geometry challenges anthropic arguments for A’s fine-tuning (Bousso,
2002). If validated, it would redefine humanity’s place in a quantum-gravitational multiverse, where
entropy resets cyclically rather than diverging toward heat death.
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5. Conclusions

The cyclic universe model proposed in this work reimagines dark energy as a manifestation of
spacetime’s intrinsic elasticity, resolving long-standing tensions in modern cosmology while offering
a quantum-gravitational framework for cosmic evolution. By unifying principles from loop quantum
gravity (LQG), holographic entropy bounds, and modified Friedmann dynamics, the model
eliminates the need for dark energy, addresses the Hubble tension and Tolman’s entropy paradox,
and provides a suite of falsifiable predictions. Below, we synthesize the key findings, contextualize
their implications, and outline pathways for empirical validation.

5.1. Recapitulation of the Cyclic Framework

At the core of this framework is the Cosmic Scale C; = N - [, a conserved spatial extent derived

022 | Here, N =~ 10°' encodes the universe’s total

from the holographic entropy bound S ~ 1
information content, linking quantum geometry (via the Planck length [,) to cosmological scales.
During contraction, spacetime accumulates potential energy proportional to matter density (4V =
—ap), governed by a stiffness constant x rooted in LQG’s area gap 4. At Vi, ~ I3, quantum
tunneling triggers a rebound, resetting holographic entropy via AdS/CFT duality and initiating a new
expansion phase dominated by spacetime’s elastic potential.

This mechanics replaces dark energy with stiffness energy density (pyi¢ = kCZ/a?), which
dominates at late times (z < z; = 0.7) and drives acceleration. Unlike A, pg;s arises naturally from

0'?2_order

LQG’s discrete spacetime fabric, circumventing the cosmological constant problem’s 1
fine-tuning. The cyclic rebound ensures finite entropy growth by resetting S ~ 0(1) at Vi,

resolving Tolman’s paradox without invoking ad hoc entropy sinks.

5.2. Resolution of Cosmological Tensions

Hubble Tension: The stiffness term decouples H, from the sound horizon r;, enabling a higher
local Hy, =73.24+13km/s/Mpc (matching SHOES) while preserving 7, =147.4+ 0.3Mpc
(consistent with Planck). This is achieved by modifying the late-time expansion history without
altering pre-recombination physics, breaking the Hy, < 1/1; degeneracy inherent to ACDM.

Cosmological Constant Problem: By replacing A with stiffness energy pg, the model avoids
the vacuum energy catastrophe. The stiffness constant k = v4/(8my%13) is derived from LQG’s area
gap 4, ensuring compatibility with quantum geometry. This naturalizes dark energy as a geometric
phenomenon rather than a fine-tuned parameter.

Tolman’s Paradox: The holographic entropy reset at Vi, ~ I3 ensures finite entropy across
cycles. By mapping the 3D bulk state to a 2D boundary CFT with Scgr ~ 0(1), the model preserves
unitarity while avoiding infinite entropy growth —a critical advance over Penrose’s Conformal Cyclic
Cosmology (CCC), which retains entropy via conformal rescaling.

5.3. Theoretical Advancements Over Competing Models

This work transcends existing cyclic frameworks by integrating quantum gravity with
observational cosmology:
e  Conformal Cyclic Cosmology (CCC): While CCC avoids singularities via conformal rescaling,

it retains dark energy and fails to address entropy growth. Our model’s stiffness-driven
acceleration and entropy reset resolve both issues.

e  Ekpyrotic Scenarios: Ekpyrotic models rely on scalar field potentials to smooth initial
conditions, introducing fine-tuning. Here, quantum rebound mechanics replace ad hoc

potentials with LQG-derived stiffness dynamics.
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e  Loop Quantum Cosmology (LQC): Though LQC replaces the Big Bang with a quantum bounce,
it retains A and does not address Tolman’s paradox. Our framework eliminates dark energy
and resets entropy holistically.

The unification of LQG and holography through C; = N - [,, bridges quantum geometry and
cosmic structure, offering a pathway to quantum gravity. The stiffness constant x provides a
tangible link between Planck-scale discreteness and late-time acceleration—an advance absent in
existing quantum bounce models.

5.4. Observational Predictions and Falsifiability

The model’s strength lies in its testability through next-generation surveys:

7. CMB Suppression at £ < 30: Finite causality during contraction suppresses large-scale E-mode
polarization by 15% relative to ACDM. This signature, detectable by the Simons Observatory’s
ultra-deep survey, is absent in CCC and ACDM.

8. BAO Phase Shifts: The rebound alters the sound horizon scaling to 7;/Dy(z) « (1 + z)~%12,
distinguishable from ACDM'’s (1 + z)~%! via DESI’s Year 5 data.

9. Gravitational Wave Background: A stochastic background Qgw(f) ~ 1072 peaks in LISA’s
sensitivity band (10~* — 10~ Hz), with a spectral tilt n, = —1/3 from stiff energy domination.

10. High-z Galaxy Anomalies: Tilted initial conditions (4An; = 0.02) align with JWST’s massive z >
10 galaxies, testable via Euclid’s spectroscopic clustering.

These predictions are unique to the cyclic rebound framework and provide clear criteria for

falsification. A null detection of CMB suppression or BAO phase shifts would rule out the model,
while confirmation would challenge ACDM’s dominance.

5.5. Limitations and Future Directions

While the model resolves major cosmological tensions, key challenges remain:

¢  Quantum Rebound Dynamics: A full LQG treatment of inhomogeneous spacetime during the
rebound is needed. Extending spinfoam cosmology to cyclic geometries could formalize the
tunneling mechanism.

e Information Paradox: The entropy reset implies transient CFT boundary states. Whether these
preserve unitarity or generate firewalls (akin to black hole mergers) requires analysis via
LIGO/Virgo ringdown echoes.

e  Phantom Energy Risks: If future observations favor w < —1, the stiffness potential 4V = —ap
must be revised to avoid instabilities.

Future work will focus on:

¢ Quantizing the Rebound: Collaborating with LQG theorists to model inhomogeneous quantum
bounces.

e  Observational Synergies: Leveraging DESI, LISA, and JWST data to test BAO phase shifts, GW
backgrounds, and high-z galaxy anomalies.

e  Unifying Dark Matter: Exploring couplings between stiffness energy and the Standard Model

via Higgs-portal interactions.

5.6. Philosophical and Societal Implications

By naturalizing dark energy and resetting entropy cyclically, the model challenges anthropic
arguments for A’s fine-tuning. Humanity’s place in a finite, cyclic cosmos redefines existential
narratives, replacing eternal heat death with perpetual rebirth. This paradigm shift underscores the
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unity of quantum mechanics and relativity, urging collaborative efforts to probe spacetime’s
quantum fabric.

5.7. Final Remarks

This study redefines cosmic acceleration as spacetime’s elastic response to contraction, offering
a quantum-gravitational alternative to A CDM. By resolving the Hubble tension, cosmological
constant problem, and Tolman’s paradox within a single framework, the model establishes cyclic
cosmologies as observationally viable. While challenges persist, the advent of precision cosmology
(CMB-54, LISA, JWST) provides unprecedented opportunities to test these ideas, potentially
heralding a new era in fundamental physics.
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