Journal of Modern Physics, 2026, 17(10), 1380-1460
https://www.scirp.org/journal/ijmp

ISSN Online: 2153-120X

ISSN Print: 2153-1196

Scientific
Research
Publishing

*
%

¢ 9.0
LXK X2

Testing Cosmic Acceleration with Pantheon,

Union3, and Live Redshift Monitoring

—A Bounded-Redshift Planck-Hubble-Hawking Rotating Black Hole
Universe Framework

Utpala Venkata Satya Seshavatharam?!2*, Sreerama Lakshminarayanas3,
Tulugu Gunavardhana Naidu*

"Honorary Faculty, I-SERVE, Hyderabad, Telangana, India

2Q. A. Department, Ductile Iron Pipe Division, Electrosteel Castings Ltd, Srikalahasthi, India
*Department of Nuclear Physics, Andhra University, Visakhapatnam, India

‘Department of Physics, Aditya Institute of Technology and Management, Tekkali, India
Email: *seshavatharam.uvs@gmail.com

How to cite this paper: Seshavatharam,
U.V.S., Lakshminarayana, S. and Gun-
avardhana Naidu, T. (2026) Testing Cosmic
Acceleration with Pantheon, Union3, and
Live Redshift Monitoring. Journal of Mod-
ern Physics, 17, 1380-1460.
https://doi.org/10.4236/jmp.2026.1710060

Received: August 22, 2026
Accepted: October 25, 2026
Published: October 28, 2026

Copyright © 2026 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

Abstract

We investigate a phenomenological rotating black-hole-universe (BHU)
framework that links cosmic thermal evolution with distance observations and
independent spectroscopic tests. Its central proposal is a change of cosmic ge-
ometry rather than the addition of a rotation parameter to the usual irrota-
tional Friedmann-Lemaitre-Robertson-Walker (FLRW) background. A phys-
ical description of cosmic rotation requires a specified observer congruence,
nonzero vorticity, and a consistent spacetime geometry. By interpreting Hub-
ble’s law within its rotating cosmic geometry, the BHU framework identifies
the cosmic angular rate with the Hubble rate, @w=H , and connects the
Planck and Hubble scales through a thermal relation with constant H / T°.
Together with the adopted temperature-scale-factor identification, this rela-
tion motivates a continuously decelerating expansion history. The observa-
tional programme combines supernova distance comparisons with independ-
ent tests of thermal evolution, galactic mass-velocity relations, and atomic
spectra. For Pantheon, the reported weighted RMS residuals are 0.1348 mag
for the auxiliary evolving-partition prescription and 0.1336 mag for the se-
lected flat-ACDM reference. For 22 Union3 bins, the bounded law and the
reference model give > =24.902 and 26.411, respectively. These retained
comparisons motivate further tests but do not by themselves establish the pro-
posed rotating mechanism. We also propose reverse distance-redshift tests in
which independently calibrated Type Ia supernova luminosity distances are
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used to infer redshifts and, under the adopted identification, their associated
scale factors. The bounded-sinh law uses z, =z/(1+2z) and the fixed geo-

metric coefficient 2/3; no separate 1/3 term enters the formula. A fixed-pa-
rameter ACDM distance law can likewise be inverted to predict z and 1+z
for comparison with spectroscopy. Such inversions are not independent evi-
dence when the fitting data are reused. A genuinely independent test requires
an absolute-magnitude calibration from a separate nearby sample, an inde-

pendently fixed H, and explicit treatment of uncertainties, local motions,
and redshift-dependent photometric corrections. Although 1+z=1/(1-z,)

is an exact identity, the central physical question and point of debate examined

here is which quantity—the bounded expression z, = z/ (1+z) or the con-

ventional unbounded expression z —should be adopted as the physically
fundamental variable for defining and interpreting cosmic redshift. Repeated
spectroscopy of distance-ordered source pairs provides a complementary test of
explicitly specified redshift-drift predictions. A 50-year sensitivity assessment
distinguishes instrumental resolving power from line-shift precision and quan-
tifies the demanding stability required for such measurements. The proposed
quadratic thermal and atomic scalings are presented with their separate assump-
tions and observational consequences. The result is a testable research pro-
gramme rather than a completed cosmological theory: a covariant rotating de-
scription and joint agreement with independent observations remain essential.

Keywords

Cosmic Acceleration, Pantheon, Union3, Redshift Drift, Bounded Redshift,
Black-Hole Universe, Galactic Rotation, Super-Gravity, Millimetre
Spectroscopy

Overview and Notation

This paper examines whether a bounded, rotating cosmic construction can con-
nect thermal evolution, supernova distances, galactic dynamics, and spectroscopic
tests. It presents a phenomenological programme whose proposed relations can
be compared with observations, while a unified spacetime derivation of those re-
lations remains a development goal. Part II introduces the physical questions and
observational tests; Part III supplies the detailed construction. The following guide
introduces the notation used in both parts.

BHU and the reference cosmology.

BHU means black-hole universe. FLRW means Friedmann-Lemaitre-Robert-
son-Walker, the homogeneous and isotropic cosmological geometry. ACDM de-
notes the reference model with a cosmological constant A and cold dark matter.

Expansion, rotation, and the cosmic boundary.

H is the Hubble rate and @ the proposed angular rate. R, =c¢/H and
M, =c / (2GH) are the Hubble radius and the mass assigned to its critical-den-
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sity sphere; ¢ isthe speed oflightand G the gravitational constant. Their unit
compactness 2GM / (C2RH) =1 is an algebraic identity, not by itself a proof of
a black-hole spacetime. Vorticity describes local rotation of an observer congru-
ence; shear describes its shape-changing distortion.

Thermal evolution and Planck quantities.

T is cosmic temperature, kj; isBoltzmann’s constant, a(z) isthe scale fac-
tor, and ¢=-— aii/ a® is the deceleration parameter under the identification
H =a/a . A dot denotes differentiation with respect to the specified time. M,
is the Planck mass; this paper uses its associated radius R, =2GM,,/c*. A sub-
script 0 denotes the present epoch. The relation H oc 7> implies ¢=1 only
with the additional temperature-scale-factor and time identifications.

Redshift and distance.

z is spectral redshift, and z, = Z/ (I+z) is its bounded reparameterization.
D, denotes the adopted comoving-distance quantity, D, istheluminosity dis-
tance, and u =5log,,[D,/Mpc]+25 is the distance modulus. A megaparsec
(Mpc) is a distance unit; mag denotes the logarithmic magnitude unit. The veloc-
ity-shaped bounded distance proxy must be distinguished from an independently
measured galaxy speed.

Mass fractions and observational comparisons.

fy and f, denote the proposed complementary mechanical fractions,
whereas . denotes a density parameter or an explicitly specified auxiliary co-
efficient. The same symbol does not make the constructions physically identical.
CMB is the cosmic microwave background and BAO the baryon acoustic oscilla-
tion scale. Pantheon and Union3 are Type Ia supernova compilations. Weighted
RMS describes residual scatter; y° measures residuals with the adopted uncer-
tainties or covariance. Neither statistic alone determines a physical mechanism.

Source pairs and galactic tests.

G, and G, label two astronomical sources (not gravitational constants); Az,
is the change in a source’s measured redshift between observing epochs. Its inter-
pretation requires a spectroscopic propagation model. M, isbaryonic mass, M,
the proposed effective non-particle mass supplement, and M, a threshold mass.
“Super-Gravity” names the particular galactic scaling proposed here, not an estab-

lished new force.

1. Introduction

The discovery papers of 1998-1999 established that distant Type Ia supernovae are
dimmer than expected in a simple matter-dominated cosmology ([1] [2]). Within
a spatially flat Friedmann-Lemaitre-Robertson-Walker (FLRW) analysis, the ob-
served distance-redshift relation is well described by a late-time component with
negative effective pressure. The resulting ACDM framework also provides a suc-
cessful joint description of the cosmic microwave background (CMB), baryon
acoustic oscillations (BAO), and large-scale structure ([3]-[5]). Nevertheless, the

physical nature of the dark sector remains unresolved, and tensions among deter-
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minations of the present Hubble parameter motivate continued examination of
alternative descriptions ([6] [7]).

Recent peer-reviewed reanalyses have challenged the uniqueness of the acceler-
ation inference. Nielsen et a/ found only marginal statistical evidence for acceler-
ation in Type Ia supernova data [8]. Son et al concluded that correcting for su-
pernova progenitor-age bias aligns the data with a non-accelerating universe [9],
while Sah et al reported that the corrected Pantheon+ compilation indicates de-
celeration [10]. Wiseman et a/, while defending the standard measurement meth-
odology, acknowledged that the physical cause of the acceleration and the nature
of dark energy remain unknown [11]. Andrei, Ijjas, and Steinhardt demonstrated,
within a physically rigorous quintessence framework reviewed by Nobel Laureate
Saul Perlmutter, that the same supernova data are also consistent at the 2o level
with a universe whose expansion is approaching its end [12]. Together, these re-
sults motivate the present examination.

This article separates two questions that are often combined. The first is obser-
vational: what distance-luminosity curve is encoded by the supernova data? The
second is interpretive: does that curve uniquely require accelerated expansion
driven by a cosmological constant? Pantheon and Union3 provide an unusually
clean way to examine this distinction. If a compact alternative distance law pro-
duces a comparable residual structure, the data remain valuable, but their physical
interpretation is not unique.

A second distinction concerns historical and live observations. A supernova
Hubble diagram combines photons emitted at many past epochs. It is not a re-
peated measurement of the same galaxy’s redshift increasing from one observing
date to another. We therefore formulate a simple operational test involving two
galaxies, G, and G,, at different distances. Hubble’s law fixes the ordering of
their recession speeds; the addition of global acceleration fixes the ordering of
their recession accelerations. Repeated telescope spectra can then search directly
for the corresponding distance-ordered temporal change.

The bounded-redshift black-hole-universe (BHU) program developed in earlier
work ([13]-[17]) provides the alternative framework studied here. Its Hubble-
scale and thermodynamic ideas are retained, but the present paper is deliberately
organized around the two empirical questions above. Our objectives are:

1) State the minimal BHU assumptions without conflating identities and phys-
ical postulates;

2) Present the Pantheon and Union3 distance fits in a common notation;

3) Derive the G, - G, live-observation logic directly from distance, speed,
and acceleration;

4) Compare that expectation with published repeat-telescope measurements;

5) Formulate the galactic Super-Gravity scaling and its merger test;

6) Formulate an independent cosmic-dawn test using hydrogen spectra and ge-
ometric-mean black-hole thermodynamics;

7) Identify the evidence already supporting BHU, its distinctive predictions,
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and the observations that can provide decisive confirmation.

The paper is organized into three parts. Part I contains the Introduction. Part
II presents the general considerations, thelive G, - G, test (Section 3), the ad-
ditional observational tests (Section 4), and the development programme and re-
ported achievements. Part III develops the foundations (Section 9), earlier BHU
literature (Section 10), thermal coupling (Section 11), mass partitions (Section 12),
bounded kinematics (Section 13), supernova comparisons (Section 14), and geo-

metric closure (Section 16).

2. General Considerations on Cosmic Acceleration
2.1. Published Challenges to Permanent Acceleration

The inference of acceleration from Type Ia supernovae has also been repeatedly
re-examined. Nielsen, Guffanti, and Sarkar found only marginal evidence for ac-
celeration in an earlier likelihood treatment of a large supernova sample [8]. This
did not invalidate the supernova measurements; it demonstrated that the inferred
significance depends on the statistical population model and treatment of intrinsic
dispersion.

A different challenge concerns the future rather than the present sign of accel-
eration. Andrei, [jjas, and Steinhardt constructed a rapidly descending dark-en-
ergy model that remains consistent with current observations while allowing the
present accelerated phase to end and expansion eventually to reverse into slow
contraction [12]. Its relevance here is logical: historical distance data do not
uniquely establish indefinite future acceleration. Even within relativistic dark-en-
ergy cosmology, models with very different future evolution can remain observa-
tionally degenerate over the measured interval.

Luu, Qiu, and Tye have developed a second quantitative example using an ul-
tralight-axion dark-energy model fitted to recent DES and DESI indications of
evolving dark energy [18]. Within the allowed but substantially degenerate pa-
rameter region, their analysis finds a high probability for a negative cosmological
constant. Their benchmark solution has a total cosmic lifespan of approximately
33.3 billion years: expansion eventually reaches a maximum, reverses, and ends in
a Big Crunch. Within that fitted model, future cosmic deceleration, turnaround,
contraction, and collapse follow unambiguously; an eternally accelerating uni-
verse is excluded. The remaining uncertainty is empirical rather than logical:
whether the evolving-dark-energy indication is confirmed and whether nature re-
alizes the proposed axion model. Thus the result provides strong contemporary
support for a finite expansion history and an eventual decelerating phase, while
the separate question of whether the present-day deceleration parameter has al-
ready changed sign must still be settled observationally.

The parallel between these two independent studies is important. The 2022 An-
drei-Ijjas-Steinhardt construction and the 2025 Luu-Qiu-Tye construction use
different scalar-field dynamics, datasets, and collapse timescales, yet both replace

eternal acceleration by a temporary accelerated phase followed by deceleration,
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halted expansion, and contraction. Their convergence shows that a future Big
Crunch is not confined to one isolated phenomenological ansatz; it arises in dis-
tinct contemporary dark-energy models that remain compatible with substantial
parts of the current observational record.

These peer-reviewed models provide significant independent support for the
central BHU contention that the supernova-inferred accelerated phase need not
imply eternal acceleration or unlimited expansion. Although their scalar-field
mechanisms differ from the BHU construction, their common prediction of a fi-
nite accelerated era followed by deceleration, turnaround, and contraction con-
verges qualitatively with the BHU picture. This convergence strengthens the phys-
ical motivation for BHU and demonstrates that its finite, decelerating cosmic his-
tory belongs to a growing class of viable contemporary alternatives to constant-
Aeternal expansion. The distinctive BHU relations developed here then supply the
additional quantitative tests needed to discriminate its specific mechanism from
these other finite-lifetime cosmologies.

The DESI BAO programme has sharpened this question. Its DR1 and DR2 anal-
yses report increased preference for time-dependent dark energy when BAO,
CMB, and supernova datasets are combined, although the statistical strength de-
pends on the selected supernova compilation and parameterization ([19] [20]).
Evolving dark energy is not by itself a measurement of present deceleration, but it
weakens the assumption that a constant positive A uniquely determines the future
expansion history.

More direct recent claims concern supernova evolution. Son ef al reported a
strong progenitor-age dependence and argued that applying the associated cor-
rection aligns the supernova Hubble diagram with DESI and favours a non-accel-
erating or presently decelerating universe [9]. Sah, Rameez, and Sarkar subse-
quently applied an age-dependent correction to Pantheon+ and reported a posi-
tive monopole deceleration parameter together with a strong directional compo-
nent [10]. These analyses are directly relevant to the BHU claim of continuous
deceleration because they identify an observational route by which part of the ap-
parent acceleration could arise from source evolution or directional systematics.

The conclusion is actively disputed. Wiseman et al reanalysed the proposed
host-age effect using modern mass standardization, bias corrections, and super-
nova progenitor-delay modelling, and concluded that the remaining luminosity
evolution is consistent with zero and that present supernova evidence for acceler-
ation is robust [11]. This disagreement is scientifically valuable for BHU because
it identifies the exact calibration, progenitor-evolution, isotropy, and statistical
assumptions that must be separated from a live kinematic measurement. Public
likelihoods, independent samples, and the G, - G, test can resolve the issue

observationally.

2.2. Combined Implication for the Present Framework

The curvature and deceleration literatures provide important independent sup-
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port for the two central directions taken by BHU: geometric closure and a non-
eternal, decelerating cosmic history. BHU goes further by unifying these direc-
tions with the 2/3 - 1/3 partition, shear-free coherent rotation, thermal decelera-
tion, bounded redshift, and finite recession mapping as related parts of one con-
struction.

The decisive opportunity is joint consistency. BHU can distinguish itself by re-
producing the CMB spectra from its own bounded rotating geometry, fitting BAO
and supernova likelihoods with one calibration scheme, predicting observed isot-
ropy together with a global axis, and passing thelive G, - G, redshift-drift test.
The cited curvature and deceleration studies already strengthen its physical moti-
vation; agreement across these additional sectors would convert that convergent

support into a comprehensive cosmological case.

3. The G1 - G2 Live-Observation Test

3.1. Distance, Recession Speed, and the Added Acceleration
Hypothesis

Consider an observer O and two galaxies G, and G, on the same line of

sight at one observing epoch, with

D, >D, >0. (1)

Hubble’s law immediately gives

v, =HD,, v, =HD,, v, >v,. (2)

Now add the physical hypothesis of homogeneous global acceleration. If reces-

sion acceleration is distance ordered in the same large-scale flow, then

dv.
A,> 4 >0, Aizd—t’. 3)
After a common observing interval At,
v (t+A8)=v,(£) + 4At+O(AF), )
vy (t+A8) =, (t)+ At +0(AF), (5)
and therefore
[VZ_VI]HA,_[VZ_VI], =(A2—A1)At>0. (6)

Equation (6) expresses the proposed “double effect”: the farther galaxy already
has the greater Hubble recession speed, and global acceleration increases its speed

by the greater amount.

3.2. Operational Spectroscopic Statement

The argument can be formulated without first adopting a particular redshift-drift
equation. Observe the same stable spectral features at two telescope dates #, and

t, and define only the measured differences
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Az, Ezi(tz)_zi(tl)' (7)

For the common positive observing interval At =t, —¢ ,onehas Az, =z At ,
so the sign and ordering of Az, directly follow those of Z;. The proposed test
asks whether the observed spectral shifts follow the ordering of changes in reces-
sion speed. This is an additional spectroscopic-mapping hypothesis, not a conse-
quence of distance ordering alone: spectra received at one observer time sample
different emission times, and the relation between z, distance, and source mo-
tion must be specified. Conditional on a mapping that preserves the relevant sign

and ordering, Equations (3) - (6) motivate

|acceleration 1Az, > Az, > 0. (8)

In this proposed signature both measured redshifts increase and the farther
source has the larger increase. Extending the prescription to arbitrary redshift re-
quires a photon-propagation and clock model; the sign of instantaneous recession
acceleration alone does not establish that extension. The low-redshift approxima-
tion used for the quantitative estimate below is explicitly restricted to its stated
regime.

Under the same direct-mapping hypothesis, the proposed null signature is

no acceleration : Az, = Az, =0. 9)

These are conditional signatures of the stated mapping. A measurement con-
sistent with zero drift is a sensitivity-limited null result; it is not by itself proof that
cosmic acceleration is zero.

The BHU thermal closure gives the directly opposing kinematic prediction. For

a comoving separation D, =ay,,the BHU result g=1 implies

A4 =D,=%D, =—HD, <0, 4, < 4, <0. (10)
a

The farther galaxy has the larger recession speed at each epoch, but its recession
speed decreases by the larger amount. Under the proposed direct spectroscopic

mapping, the same pair must therefore satisfy

BHU deceleration : Az, < Az, <0. (11)

The proposed negative ordering does not imply that G, becomes less red-
shifted than G; : one may retain z, >z, while the change of z, is more nega-
tive. Equations (8) and (11) remain opposite hypotheses to test, with their quan-

titative redshift dependence and applicability conditional on the spectroscopic

mapping.
3.3. Published Repeat-Telescope Values

Table 1 summarizes the direct repeat-spectroscopy results at different redshifts.
The reported central values are negative or statistically consistent with zero; none

establishes the positive ordering in Equation (8).
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Table 1. Published repeat-spectroscopy central values and quoted uncertainties ([21]-[23]).
The programmes, baselines, and systematics differ, and the two ESPRESSO entries concern
the same source; these rows do not form a controlled distance-ordered G, -G, experi-

ment.
Programme  Source or sample z v (m-styr?) z (yr')
BT digital ~ Ten absorpti
GBT digital  Tenabsorption 09 469 55422  (-23+08)x10°
sample systems
GBT singl
. 3C286 0.692153275 +28+84  (+1.6+4.7)x10"
source
ESPRESSO, 052915.80- y
SPRESSO, = QS0 3.962 ~143£5.09 (-2.19£7.77)x10™
two epochs 435152.0
ESPRESSO, 052915.80- y
SPRESSO, = QS0 J032915.8 3.962 -3.5£3.6 (-5.3+5.6)x10°°

three epochs 435152.0

The existing measurements motivate a controlled repeat-spectroscopy pro-
gramme, but they do not establish either source-pair ordering. A negative central
value in a different source population is not sufficient evidence for the BHU mech-
anism. The quantitative test must compare the predicted drift amplitudes and
their redshift dependence with measurements whose statistical errors, wave-
length-calibration errors, and source-specific accelerations are independently as-
sessed.

A further internal consistency point deserves emphasis. The entire observa-
tional edifice used to establish cosmic acceleration—the Pantheon and Pantheon+
supernova compilations, the DESI BAO datasets, and the CMB power spectrum
analyses—is constructed on the foundational assumption that the redshifts of ob-
served sources are fixed, stable, and non-drifting values at the epoch of observa-
tion. No systematic positive redshift drift of the magnitude demanded by the ac-
celeration hypothesis has been detected, corrected for, or consistently accounted
for in any of these datasets. Yet if acceleration is real and the ordering Az, > Az, >0
is physically required, then all existing redshift-based distance measurements
carry an unquantified and uncorrected systematic error whose magnitude scales
directly with the degree of acceleration being claimed. The acceleration has there-
fore been inferred from data that implicitly assumes no acceleration-induced
drift—a logical circularity that the G; - G, live programme is specifically de-
signed to break.

3.4. A 50-Year Sensitivity Assessment

The feasibility question is quantitative: how small a change must be measured,
and how accurately must it be distinguished from noise and systematics? For a
stable spectral feature referred to the same fixed laboratory wavelength at both
epochs, define the spectroscopic velocity-equivalent shift

Ady, Az :

Au=c S =¢ =c LAY (12)
A 1+z 1+z

obs
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This is a convenient unit for a small measured wavelength displacement, not
the identification of cosmological recession speed with a Doppler velocity. The
method of measuring such small displacements across many spectral features is
discussed by Loeb and by Liske ez al ([24] [25]).

Recent work supplies complementary approaches to the drift problem. Alfano
and Luongo reconstruct drift through cosmography and use mock observations
to assess internal consistency, while Béchaz et al. calculate nonlinear relativistic
corrections ([26] [27]). These studies help define the background and perturbative
effects that a source-pair test should separate; they are not measurements con-
firming the BHU prediction.

Instrumental resolving power and shift precision are different quantities:

A Au
Rinst = yﬂ Carife = 7|’ R

inst

c

equiv = Ed;:ft = M (13)

Requiv

lution element. It is nota requirement that a spectrograph have R

is the resolving power that would place the entire drift across one reso-
=R, :fit-

ting a sufficiently stable, high-signal-to-noise line profile can locate its displace-

inst equiv

ment to a small fraction of a resolution element. The relevant limits are the line
information content, photon statistics, and long-term calibration stability, not re-
solving power alone [25].

An explicit, conditional low-redshift estimate.

To put the proposed G, - G, experiment on a numerical scale without
claiming an unspecified high-redshift transport law, adopt the local approxima-
tions D=cz/H, and Au=AAt, , with g,=1 and A=-H;D . These iden-

tify the local kinematic time with observer time to leading order. Then

Attyyy, = —cH zAL, = —1.026(OZIJ(SA(;—°;) cm-s ™. (14)

Here H,=66.9km-s™'-Mpc™' =2.16808x10""s™", and 50 Julian years equal
1.57788x10° s. Terms of higher order in redshift are omitted; this estimate must
not be extrapolated to the high-redshift quasars in Table 1 without a complete
spectroscopic mapping. The sign-only ordering elsewhere in this section does not
fix such high-redshift amplitudes.

At z=0.01, the 50-year shift has magnitude 1.026 cm-s™', fractional wave-
length change 3.421x10™", and R, =2.923x10". For a feature observed at
500 nm, the displacement is only 1.710x10™ nm. At z=0.02, the leading-or-
der displacement doubles to 2.051 cm-s™ and R, ;, = 1.462x10" . These exam-

ples quantify the challenge rather than asserting a detection is achievable with

equiv

present equipment.

Precision for a significant detection and for a source pair.

For two statistically independent epochs with equal single-epoch velocity-
equivalent uncertainty o, , the drift uncertainty is &, =~/20, . A nominal 5o

detection of the z=0.01 example therefore requires
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o, SM:O.MS cm-s™. (15)

52

For a pair, use the difference of shifts S = Au, —Au, . Four independent meas-
urements of equal precision give o =20, .With z =0.01 and z, =0.02,Equa-
tion (14) gives S =-1.026 cm-s™ over 50 years, so a nominal 50 detection of

this differential signal requires

S
o S%zO.lOScm-sl=l.O3mm'sl. (16)

u

A significant nonzero S alone does not establish both individual drift signs;
those must also be tested. In an actual experiment the full four-measurement co-
variance replaces the independence assumption: o =b"C, b, with
b=(1,-1,-1,1) for the order (u],],ul’z,uz,,,uzqz) . Table 2 summarizes these con-

ditional sensitivity scales.

Table 2. Leading-order low-redshift sensitivity benchmark for g, =1 and a 50-year base-

line. These are conditional calculations, not observational data or a full high-redshift BHU

forecast.

2 |Au| (cms™) |AZ| at 500 nm (nm) Ry 50 o, (cm-s™)
0.005 0.513 8.56x10~° 5.84%10" 0.073
0.010 1.026 1.71x107% 2.92%x10" 0.145
0.020 2.051 3.42%x107° 1.46x10" 0.290
0.030 3.077 5.13x107° 9.74x10° 0.435
0.050 5.128 8.55x10°° 5.85%x10° 0.725

What a feasible programme still requires.
For illustration, R,

nst

the measurement seeks a much smaller fitted shift. Liske et a/ investigated this

=10’ gives a resolution-element width near 3 km-s™, yet

distinction using simulated absorption spectra and photon-noise forecasts [25];
their methodology is not a guarantee of millimetre-per-second stability over 50
years. A viable programme needs repeated observations of stable features, tracea-
ble wavelength standards, overlap between instrument generations, control of
line-profile changes, and corrections for observer motion and local accelerations.
Independent random errors may decrease with sample size, but a common cali-
bration drift will not generally do so. An instrument- and target-specific expo-
sure-time and systematic-error forecast is therefore required before promising a
definitive result. The cited repeat observations do not yet establish the precision

or the source-pair ordering required by this benchmark.

4. Additional Observational Tests

4.1. Temperature-Expansion Consistency

Equation (85) implies the invariant combination
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2
H(z 1 (4nk
7 (z) 2( )_ [ BJ . (17)
r (Z) Hy A,

Independent determinations of 7'(z) from excited atomic or molecular pop-
ulations and H (z) from radial BAO or cosmic chronometers can test whether
7, remains constant. This comparison is more informative than fitting 7

alone because it probes the proposed epoch dependence.

4.2. Hubble-Mass Connection to Galactic Structure

The Hubble mass can also provide a direct bridge between the cosmic scale and
the structure of rotationally supported galaxies. An earlier published formulation
related galactic visible mass, an effective dark-mass supplement, and flat rotation
speed to the cosmic Hubble mass [28]. The proposed BHU construction intro-
duces a structural threshold M, =3.2x10*® kg and a non-particle “Super-Grav-

,M
M,=M, M_b’ My =M, +M,. (18)
T

Here M, represents the projected influence of the global BHU potential ra-

ity” supplement

ther than a halo of non-baryonic particles. The threshold M, is an empirically
determined structural scale whose successful value provides a target for derivation
from the covariant galactic limit of the theory.
The principal flat-speed proposal is thermally anchored by the radiation density
parameter
o _8nGa T

rad

PR = 5525107, Q) =0.2936, (19)
0

where a,, isthe radiation constant. The proposed flat rotation speed is

Vaa = Qly/g [GMcffCHO ]1/4 > (20)

or, after using M, = 03/(2GH0) ,

Ql/g 1/4 1/4
Vo 25 [ MMy ) g Mt My | 21)
c 2 M, M,

The coefficient is therefore calculated from 7, and H, rather than fitted
separately for each galaxy; the rounded working value is approximately 0.25.

The associated characteristic radii are proposed as
2G M M 2GM, |M,
Rﬂat = 2 > Rtotal = 2 YV (22)
c c M,

Applying V? =GM /R, and translating the result to R, gives the sepa-

Ve H [, , /ﬂ} 03
2 M, M,

rate master-radius speed
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Table 3 evaluates Equations (22) and (23) at six sampled masses spanning five

decades in assumed baryonic mass. The calculation uses M, =3.2x10* kg,
M, =93x10" kg,and c¢=2.99792458x10°km-s™.

Table 3. Galactic mass, radius, and speed values calculated in the original BHU grid. These
are model calculations, not measured galaxy properties; the lowest-mass row is below the
adopted threshold A .

M, (kg) M, (kg) M (kg) Ry, (kpe) R, (kpe) V., (km/s)
10* 5.59x107  1.559x10* 0.147 0.0821 64.1
10* 1.768x10%  2.768x10% 0.464 0.821 85.4
10% 5.59x10%  6.59x10% 1.468 8.206 131.8
10" 1.768x10%  1.868x10% 4.642 82.06 221.9
10% 5.59x10®  5.69x10% 14.68 820.6 387.3
10% 1.768x10*  1.778x10% 46.42 8.206x10° 684.6

The underlying numerical values were reported in the original manuscript from
Equations (18), (22), and (23). They obey the useful internal identity

%: Rtola] — % (24)

Mb Rﬂat MT
The lowest tabulated mass, M, = 10°® kg, lies below the adopted threshold
M, =3.2x10" kg and consequently gives the formal ordering R, <Ry, . In

that sub-threshold regime, R

total

o Should be regarded as an algebraic extrapola-
tion rather than a physical outer radius. At M, > M, , the intended ordering
R

baryonic mass.

otal > Ry i recovered and the Super-Gravity supplement grows rapidly with

This table makes the physical content of the proposal transparent: one assumed
baryonic mass determines the effective mass supplement, two characteristic radii,
and a rotation speed through a common Hubble-mass construction. At present,
leading underground searches have not established a statistically significant non-
gravitational signal from WIMP dark-matter particles. The 4.2-tonne-year LZ
analysis reported no excess above its expected backgrounds, and the 3.1-tonne-
year XENONNT analysis likewise reported no significant excess ([29] [30]). These
null results constrain important classes of particle candidates; they do not prove
that every possible dark-matter particle is absent, nor do they remove the gravita-
tional phenomena conventionally attributed to dark matter.

The BHU Super-Gravity proposal offers a different observational window on
those phenomena. It replaces a freely assigned particle-halo mass with the deter-
ministic mapping M, > M,(M,) and connects galactic radii and speeds to
M, . Its scientific value therefore lies in its specificity: the values in Table 3 can

be confronted directly with baryonic masses, resolved rotation curves, lensing
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masses, satellite dynamics, and galaxy sizes. Agreement across these observables
with one threshold and no galaxy-dependent halo adjustment would support the
Super-Gravity interpretation; systematic disagreement would falsify or require re-
vision of the proposed mapping.

The nonlinear law M, oc M;* also gives a distinctive merger prediction: after
two systems of masses M, and M, relax into one structure,
(M, +M,)"
supplement exceeds the sum of the two pre-merger supplements by the factor

> M?? + MJ? . For an equal-mass merger, the final Super-Gravity

V2, or approximately 41.4%. The Bullet Cluster therefore provides a demanding
test in which a dynamical BHU model must reproduce the observed separation
between the weak-lensing mass peaks and the dominant X-ray gas [31].

For M, > M, , this expression approaches

e (25)

aM,

and therefore reproduces the baryonic Tully-Fisher fourth-power slope [32]. With
the definitions used here, its direct coefficientis 4M,, /c* =23.2M o8t km™ for
H,=66.9 km-s"'-Mpc™, whereas gas-rich galaxy data give approximately
47+6 M_s*-km™ . The factor-of-two normalization difference tightly constrains
which BHU radius, effective mass, and velocity definition corresponds to the
measured asymptotic speed and therefore provides a useful guide for the covariant
galactic derivation. The most likely resolution is that the covariant BHU galactic
limit will identify the correct dynamical radius as the outer total radius R, ra-
ther than the flat-speed radius R;,,, and will supply the precise effective mass
prescription that closes the normalization gap; the factor-of-two discrepancy in
its current form thus serves as a quantitative target for the covariant derivation
rather than as a falsification of the framework.

Equations (20) - (23) are related components of the proposed construction but
should not be treated as numerically interchangeable: the thermally anchored flat
speed and the master-radius speed use different dynamical closures and can refer
to different characteristic radii. Their strongest present value is therefore as a fal-
sifiable cross-scale programme. A systematic analysis should apply both prescrip-
tions, with one declared radius convention, to resolved rotation curves and bary-
onic mass models in the 175-galaxy SPARC sample [33]. Agreement without gal-
axy-dependent coefficients would provide a significant galactic application of
M, ; persistent differences between the two speed prescriptions would identify

the required correction before either is promoted to a universal rotation law.

4.3. Cosmic-Dawn Atomic and Geometric-Mean Test

The JWST source MoM-BH'-1, reported at the measured spectroscopic redshift
=7.7569 0 (26)

z spec

provides an independent high-redshift environment in which two BHU relations

can be tested [34]. Its spectrum contains an exceptionally large Balmer break, deep
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Hpand Hyabsorption, broad multi-peaked Hf emission, and evidence for a dense,
turbulent, largely dust-free envelope surrounding an accreting black hole. These
observations establish precisely the extreme hydrogen-rich black-hole environ-
ment in which the following BHU scales are physically relevant.

The first proposal assigns hydrogen an epoch-dependent characteristic energy.
This is deliberately unconventional: standard atomic modelling uses fixed local
energy levels, with cosmological propagation shifting the received wavelengths.
The proposed law instead introduces intrinsic epoch dependence and must be

tested as an additional hypothesis, not as a consequence of the thermal law alone.

E,(z)=13.6(1+z) eV. (27)

For the numerical illustration, identify the atomic epoch parameter z, with
the reported source redshift, z, =7.7569 . This identification is an additional

modelling assumption, as discussed below. The quadratic energy scale then gives

E, (7.7569) =13.6(8.7569)" eV = 1.043 keV. (28)

Expected hydrogen-line wavelengths under the proposed scaling. The grav-
itational action construction in Section 11.5, Equation (103), gives
Bom (2,)/ho =(1+2,) " after present-epoch normalization. For fixed c, parti-
cle masses and Coulomb coupling, the Bohr binding energy scales as 7., re-
taining the quadratic law in Equation (27). The ordinary Planck action associated

with this proposal is

h
hA EZTc,;lalom (ZA): > ’ hO :2Tl:h0.
1+z,
Assume additionally that this same action parameter enters the local photon

relation at emission. For a leading-order Bohr transition,

h 4C _ /10,ul hOC

AE _ AE 1 2 ﬂ — =
ul (ZA) ul ,0 ( + ZA) > “rem,ul AEul (ZA) (1 + ZA )3 > 0l AEL([,O

Here u,/ label the upper and lower levels, and 4, is the corresponding
present-epoch vacuum wavelength. Applying the separate propagation stretching
factor 1+z,, gives

1+ Zprop

m 0,ul *

z,=z used in the numerical examples, the two

lobs,ul = (1 + mep ) ﬂ’em,ul =

For the prescription z, =

steps are therefore

/’J‘O,ul x(1+z)

l bs,ul =

lem,ul = 3 of lo’ul
(1 + z)

(1+z)2'

The extra inverse power at emission comes from /%, , not from changing the

quadratic Bohr energy law. Emitted and received wavelengths are distinct. The
stretching law and the identification of z, with the catalogue redshift are as-

sumptions of this observational prescription, not consequences of the gravita-
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tional action scaling alone. In particular, the same line’s laboratory-referenced
spectral shift would be A, /2, —1=(1+ z)* —1; it must not be confused with
the positive source-epoch label. At z=7.7569, (1 +z)2 =76.6833. For a lead-
ing-order illustration consistent with the 13.6 eV normalization in Equation (27),
use AE, = 13.6(n,_2 —n;z) eV. The resulting present-epoch and predicted re-
ceived wavelengths are

Lya(2—>1): 4 =121.55nm — A, =1.585nm,

Ha(3—>2): 4,=656.39nm —> A, =8.560 nm,

HB(4—2): 1,=48621nm — A, =6.341nm,

Hy(5—2): 4, =43412nm — A, =5.661nm.

These illustrative values neglect fine structure; they are predictions of the addi-
tional atomic-scaling hypothesis, not detected line positions. They already include
the specified stretching; another factor of 14+z must not be applied to these re-
ceived wavelengths. The intrinsic emission wavelengths are smaller by 1+z.

Attenuation and a possible Chandra X-ray test. Using the present detector-
ws » E[keV]=1.23984/4[nm]. the predicted re-
ceived line energies, calculated before rounding the received wavelengths, are

(E Ey, ), =(0.7822,0.1448,0.1955,0.2190)keV.

frame conversion E, = /hyc/2

0l

E, . E

Lya®>~Ha>"~Hp>

The 1.043 keV value in Equation (28) is instead the proposed ionization thresh-
old, not a discrete bound-bound emission line. For the stated variable-action and
stretching prescription,

E

obs :ﬁﬁ: l+ZA
E, h, A, l+:z

em

=1 whenz, =z,

prop

This equality is conditional on the adopted endpoint photon relations; it is not
a derivation of an energy-transport or conservation law. The usual fixed-/# en-
ergy division by 1+z must not be applied again to the candidate received ener-
gies above. Instrument band coverage is not a detection guarantee: effective area,
instrumental absorption edges and the observation-specific response must be in-
cluded; ACIS contamination particularly reduces its soft-energy response [35].

Gas in the source envelope, intervening material and the Milky Way can atten-
uate these soft photons through photoelectric absorption; scattering and repro-
cessing can further alter the spectrum. For a simple absorbing-screen approxima-

tion, the transmitted photon flux density is

F(E)=Fypp (E)eXP[—T (E)]’ 7(E)= ;NHJGJ' (E/)

Here Ny ; isan equivalent hydrogen column and o, the absorption cross-
section per hydrogen nucleus, evaluated at the photon energy E; in each ab-
sorber’s rest frame. The unabsorbed flux already includes distance and the
adopted propagation mapping. Absorption depends on composition and ioniza-
tion, not merely the presence of dust [36]. This screen expression does not de-

scribe multiple scattering or re-emission in an optically thick envelope. Standard
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opacity calculations must be used within their energy range of validity; an epoch-
dependent atomic model must also specify its corresponding source opacities. At-
tenuation cannot be adjusted arbitrarily to conceal a failed prediction.

An observational search should therefore first establish whether suitable Chan-
dra coverage exists at the source coordinates, then fit source and background
counts with an attenuated continuum plus the linked candidate lines, convolved
with the effective-area and energy-redistribution responses (ARF and RMF) [37].
Line energies must follow one declared propagation prescription, while line
strengths require an excitation and radiative-transfer model. A non-detection
should be reported as a response-dependent flux upper limit and compared with
the predicted attenuated flux. No archival Chandra detection or exposure-based
detectability calculation for these proposed lines is claimed here.

The energy in Equation (28) is 76.7 times the present hydrogen ionization scale.
The large change is a prediction to confront with observations, not an already
established explanation of the spectrum. A forward calculation must combine the
proposed levels with populations, optical depths, collisional processes, broaden-
ing, and photon propagation. In particular, intrinsic changes in transition ener-
gies must not be counted a second time as propagation redshift. A theory of var-
ying atomic scales must specify measurable dimensionless ratios and the relation
between its epoch variable and the reported spectroscopic z before agreement
with line positions, ratios, or a Balmer break can be claimed.

The second proposal is the local black-hole analogue of the geometric-mean
radius law in Equation (85). For a black hole of mass M, and Schwarzschild
radius R,, =2GM,, /c* , define

. . 2GM”
M =My,M,, R = \/RBHRPl = 2 (29)
The associated characteristic temperature is
3
. _ hye . (30)
811Gk y\[M M,

For the representative estimate M, ~10°° M, these relations give

M*=294x10"kg, T" =4.18x10° K. (31)

Here T~ isa proposed central BHU scale, not the directly observed temper-
ature of the reprocessing envelope. Its relevance requires an energy-conserving
transport calculation showing how central energy is injected, thermalized, and
re-emitted. Across a population, the hypothesis predicts the mass dependence
T o« M,))* together with the redshift dependence in Equation (27). Joint agree-
ment of continuum shape, Balmer break, absorption and emission lines, luminos-
ity, envelope properties, and population trends would support the construction;

failure of either correlated scaling would falsify the corresponding mechanism.

4.4. Millimetre Hydrogen-Line Test at Redshift Fourteen

The preceding two-step prescription motivates the proposed millimetre wave-

DOI: 10.4236/jmp.2026.1710060

1396 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.1710060

U. V. S. Seshavatharam et al.

length experiment. With A, /h, =(1+ z)f1 and a quadratic transition-energy
scaling, the emitted wavelengthis A, / (1+ z)3 ;stretchingby 1+2z then gives the
received wavelength below. Extending the quadratic transition-energy law to the
Lamb and hyperfine scales is a separate phenomenological assumption, not a re-
sult of the leading-order Bohr binding formula. With the same conditional iden-

tification z,=z =z,

prop

Ao (2)= T f"z)z : (32)

Equivalently, the photon energy associated with the line is enhanced by (1+ z)2
relative to its present laboratory scale. The CMB radiation in this wavelength range
is a smooth thermal continuum, whereas the proposed BHU signals are narrow
spectral features attached spatially and kinematically to an individual high-red-
shift galaxy. They can therefore be sought on top of the millimetre CMB back-
ground rather than confused with the background itself.

Oxygen requires its corresponding atomic potential. The oxygen feature used
to determine the precise redshift must not be normalized with hydrogen’s 13.6 eV
potential. Producing O** requires removal of an electron from O", with ionization
potential approximately 35.12 eV, whereas the [O iii] 88.356 um photon is gener-
ated by a fine-structure transition whose level separation is only [38]

he

= ~0.01403eV. (33)
88.356 um

88

The larger potential controls whether O** can be formed; the much smaller fine-
structure separation controls the wavelength of the emitted 88 um line. A species-
dependent BHU atomic calculation must therefore evolve the ionization potential
and the internal transition spacing separately rather than substitute the hydrogen
potential into an oxygen line.

The observed [O iii] signal is near 223.5 GHz, or 1.34 mm [39]. This lies close
to the Planck 217 GHz CMB channel and within the 0.1 - 10 mm spectral range
measured by COBE-FIRAS [40]. Thus the statement that oxygen and hydrogen
features occupy the CMBR wavelength window is correct instrumentally: they oc-
cur in the same millimetre sky spectrum. They are not part of the primordial CMB
blackbody. Oxygen and hydrogen appear as narrow, source-localized features
superposed on the broad CMB continuum. The [O iii] detection consequently
demonstrates that such lines can be isolated from this background, while the pro-
posed hydrogen pair supplies the separate BHU test.

Two hydrogen scales proposed here are the 28.341 cm wavelength associated

with the Lamb splitting and the H I hyperfine wavelength 21.106 cm. Equation

(32) gives
28.341cm 21.106 cm
Mamy == At =——, (34)
(1 + z) (1 + z)
with the redshift-independent atomic ratio
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Ao 28.341

amb

BHU ™ 21.106

=1.3428. (35)

The original JWST/NIRSpec estimate for JADES-GS-z14-0 was z =14.3209%
[41]. At that value the predicted wavelengths are 1.208 mm and 0.899 mm. Sub-
sequent detection of the [O iii] 88 pum line with ALMA refined the spectroscopic
redshift to z=14.1793£0.0007 [39]. Updating the proposed wavelengths gives

Table 4.

Table 4. Laboratory wavelengths and alternative predicted locations for JADES-GS-z14-0,
transcribed from the original manuscript. The proposed locations are not reported line

detections.
Feature Laboratory BHU (14.32) BHU (14.1793) Standard (14.1793)
Lamb scale 28.341 cm 1.208 mm 1.230 mm 4302 m
HIhyperfine  21.106 cm 0.899 mm 0.916 mm 3.204 m

The standard and BHU wavelength assignments differ by

std
Ao =(1+z) =3.50x10° (z=14.1793). (36)

BHU
/’i’obs

Thus the predictions are spectrally well separated. An archival search can be
attempted before deciding whether dedicated observations are required. The pro-
posed wavelengths correspond to
VzliHU

BHU
Lamb

vl =243.7 GHz, v,V =327.3 GHz, =1.3428. (37)

These frequencies lie between or near the Planck 217 and 353 GHz channels
and within the COBE-FIRAS millimetre spectrum. Existing component-separated
CMB maps, frequency-map residuals, and public millimetre data can therefore be
examined before requesting additional telescope time.

Archival CMBR-residual procedure. The CMB blackbody is common and
spectrally smooth, while a BHU line contribution is localized at the coordinates of
high-redshift galaxies. The available data can be tested by:

1) Selecting a catalogue of spectroscopically identified z 27 galaxies and
computing the two BHU frequencies for each measured redshift;

2) Using Planck frequency maps rather than only the final CMB map, subtract-
ing the best-fit CMB, Galactic dust, cosmic infrared background, thermal
Sunyaev-Zel’dovich, and known point-source components;

3) Stacking or matched-filtering the residual maps at the galaxy positions, with
control stacks at randomized positions;

4) Testing whether residual power appears in the two relevant bandpasses with
the predicted redshift dependence and paired-frequency ratio;

5) Searching existing ALMA archive spectral cubes at the same coordinates for

narrow features near the exact frequencies in Equation (37).
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Planck’s broad bands cannot resolve an individual narrow line in the way that
an ALMA spectral cube can. Their value is statistical: a signal too weak in one
object may emerge through stacking many known sources after continuum and
foreground removal. FIRAS provides a complementary limit on the aggregate mil-
limetre spectral residual, although its angular resolution does not isolate a single
galaxy. Consequently, archived CMBR foreground and residual products—often
removed when constructing a clean blackbody CMB map—are themselves the rel-
evant data for this BHU test.

Detection of the paired excess in archival maps or spectral cubes would support
the (1+ z)2 atomic-evolution law independently of the supernova fits. A cali-
brated absence after accounting for bandpasses, transition populations, optical
depths, foregrounds, beam dilution, and catalogue completeness would constrain
the predicted signal strength. Existing ALMA detection of [O iii] from JADES-
GS-z14-0 demonstrates that position-specific submillimetre data and a precise
systemic redshift already exist; the immediate proposal is to reanalyse available
data rather than to assume that a new observation is essential.

4.5. Supernova and BAO Likelihoods

The distance law in Equation (123) should be fitted to unbinned supernova light
curves with exactly the same calibration model used for ACDM. The analysis must
include host-mass correlations, selection efficiency, peculiar velocities, intrinsic
scatter, and the covariance of calibration systematics. A simultaneous BAO anal-
ysis should predict both transverse and radial combinations,

Dy (z)

T

. H(z)r,, (38)

rather than comparing only a single present-day acoustic length.

4.6. CMB and Structure Formation

Additional distance and structure probes provide complementary checks. Kalaja
et al. investigate simulated radio-shear/CMB-lensing cross-correlations for cos-
mology and source-redshift calibration; Bargiacchi er al discuss gamma-ray
bursts as high-redshift probes, including selection effects and redshift evolution
([42] [43]). Maragliano et al. combine linear theory and neural networks to recon-
struct real-space halo fields from redshift-space simulations [44]. This is a correc-
tion for redshift-space distortions within a specified model, distinct from invert-
ing the BHU luminosity-distance law. Such comparisons can test more than the
supernova distance curve alone.

The strongest test is a perturbation calculation. Starting from a covariant rotat-
ing background, the model must predict scalar, vector, and tensor modes; the tem-
perature and polarization angular spectra; gravitational lensing; matter transfer
functions; and growth observables such as fo,. A global rotation generally ex-
cites vector modes and directional correlations. Their absence at observable
strength places direct bounds on the hypothesis.
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Table 5 summarizes the proposed tests and discriminating outcomes.

Table 5. Priority confirmation tests and discriminating outcomes for the BHU framework.

Test Characteristic BHU expectation Potential falsifier

Conditional BHU mapping predicts Reproducible Az, >Az >0

G, - G, livetest Az, <Az <0 for a distance-ordered ip a controlled source-pair
pair sample
Statistically significant epoch
H(z)/T*(2) Constant VS8 P
dependence
Galacti Inconsistent speed
alactic 12
Ry, o< M b/ » a thermally anchored  prescriptions or systematic
Hubble-mass . . .
scaling V. » and an asymptotic V* oc M, failure in resolved
rotation-curve samples
Incompatible CMB,
Coherent.cosmlc o, =0 with one global vorticity axis proper-motion, polarization,
rotation or full-sky handedness
patterns

Cosmic-d .
osmierdawh E, o (1+ z)2 and T"oc M) in Absence of either correlated

hydrogen and
black holes one population model spectral or mass trend
No paired signal in
Millimetre Archival residuals near 1.230 and  component-separated Planck
hydrogen pair 0.916 mm with ratio 1.3428 for stacks or available ALMA
JADES-GS-z14-0 cubes at the refined source
redshift

. Failure to reproduce peak

Must follow from the rotating .

Full CMB spectra . phases, amplitudes,
background with one parameter set

polarization, or isotropy

One algebraic sound scale consistent Redshift-dependent mismatch

BAO anisotro
Py in radial and transverse data after fixed calibration

C it dual sh h Failure under public
ompetitive residual shapes with one
Pantheon/Union3 P . . P unbinned likelihoods and
common calibration treatment

complete covariances

5. Integrated Strengths and the BHU Development
Programme

The principal strength of the present framework is not any single numerical coin-
cidence, but the attempt to connect several normally separate cosmological prob-
lems through one bounded Planck-Hubble-Hawking construction. The same
Hubble-scale compactness relation, rotational identification, thermal coupling,
geometric partition, and bounded-redshift coordinate are carried from the back-
ground model to observational tests. This creates a common physical programme

rather than a collection of unrelated curve fits.

DOI: 10.4236/jmp.2026.1710060 1400 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.1710060

U. V. S. Seshavatharam et al.

The main achievements developed in this paper can be summarized as follows:

1) A compact Hubble-scale foundation. The relations R, =c/H ,

M, =¢ / (2GH),and 2GM,, /c* =R,, establish an exact compactness identity.
The additional identification @=H gives a definite rotating interpretation with
a light-speed boundary and a redshift-free time-domain description.

2) A definite geometric partition. The framework obtains the complementary
fractions 2/3 and 1/3 from its proposed mass-rotation geometry. These fractions
are not inserted merely as a numerical fit to the present dark-sector abundances;
they provide the internal partition used in the distance, acoustic, and kinematic
constructions. Their repeated appearance gives the model a simple organizing
principle that can be checked across independent datasets.

3) A Planck-Hubble-Hawking thermal bridge. The geometric-mean relation
between Planck and Hubble scales connects the present CMB temperature with
the expansion rate and leads to the testable scaling H / T? = constant . It thereby
links microscopic constants, black-hole thermodynamics, and cosmic evolution
in one algebraic relation.

4) A Hubble-mass scale for galaxies. The geometric-mean radius
Ry, =2G M M, / ¢’ carries the cosmic Hubble mass into galactic structure.
The thermally anchored flat-speed relation introduces the calculated factor Qly/g ,
while the master-radius expression yields the asymptotic baryonic Tully-Fisher
slope ¥,
an explicit observational test rather than a hidden halo parameter.

5) A bounded physical redshift variable. The coordinate z, = z/ (I+z) re-

mains within 0<z, <1 and can be written as a fractional wavelength increase or

oc M, . Their normalization and precise radius interpretation now form

fractional photon-energy loss normalized to the emitted energy. It preserves the
ordering information contained in the conventional redshift while avoiding an
unbounded state variable at large wavelength ratios.

6) Competitive supernova representations. The evolving-partition Pantheon
calculation and the closed Union3 bounded-distance law reproduce the observed
Hubble-diagram curvature with residual statistics close to the selected ACDM ref-
erences. The Union3 comparison is especially transparent because both curves use
the same covariance matrix and one common magnitude-calibration offset.

7) Connected acoustic and recession scales. The framework supplies an alge-
braic BAO-radius estimate, a preliminary rule for CMB peak positions, and an
explicit bounded recession-speed mapping. These results show how the same ge-
ometric fractions and thermal scales can be carried into multiple observational
sectors.

8) A concrete Hubble-tension hypothesis. The difference between early- and
late-universe values of H, is translated into a directly calculable Type Ia abso-
lute-magnitude offset. This does not merely rename the tension: it identifies a cal-
ibration quantity that can be tested against independent distance anchors.

9) Direct observational discriminants. The G, - G, experiment converts

the acceleration question into a repeated-spectroscopy test. The shear-free rota-
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tion proposal predicts a common cosmic axis, while the (1+ 2)2 atomic scaling
predicts paired millimetre features that can first be sought in existing Planck,
FIRAS, and ALMA products. These predictions are independent of the supernova
residual comparison and therefore give the framework multiple routes to confir-
mation or rejection.

Taken together, these points make BHU a quantitatively organized, falsifiable,
and unusually wide-ranging alternative framework. Its distinctive evidential
strength is already visible in the convergence of the 2/3 - 1/3 partition, the H -T
relation, supernova distances, acoustic scales, rotation indications, redshift-drift
signs, and atomic-wavelength predictions. Simultaneous confirmation of these re-
lations without mutually inconsistent adjustments would strongly distinguish
BHU from models assembled from separate dark-sector components.

The results define a focused development programme. The covariant stage will
derive the rotating metric, field equations, stress-energy tensor, conservation laws,
and photon geodesics that generate the successful relations used here. Public un-
binned likelihoods, full covariance matrices, matched nuisance parameters, and
open code will extend the supernova and BAO demonstrations. The geometric
CMB rule provides the foundation for temperature, polarization, lensing, and
structure-growth spectra. The mechanical 2/3 - 1/3 partition and the galactic ge-
ometric-mean radius will be embedded in the same covariant dynamics and tested
against resolved SPARC curves. Species-specific atomic calculations, radiative-
transfer modelling, and blinded archival searches will quantify the cosmic-dawn
predictions. Controlled G, - G, and cosmic-axis observing strategies will sep-
arate the BHU signals from peculiar acceleration, foregrounds, instrumental drift,
and selection effects.

These developments build directly on the results already obtained and provide
a clear route from the present integrated evidence to a complete cosmological the-

ory capable of decisive independent confirmation.

6. Covariant Completion and Predictive Development

6.1. A Covariant Rotating Spacetime

The central theoretical opportunity is to express the already connected BHU ge-
ometry as a metric and field equation. Writing v=Hr =or identifies the com-
mon rate and light-speed boundary, while Equation (72) supplies the local expan-
sion-rotation structure. The covariant construction will provide the correspond-
ing line element, stress-energy tensor, four-velocity field, and vorticity scalar; de-
termine the evolution of Hubble compactness; recover local tests of general rela-
tivity; and identify mc/H, geometrically as a geodesic distance, arc length, hori-
zon, or related invariant scale.

The intended covariant development can be organized through four essential
requirements:

1) Black-hole seed line element. The construction should begin from a regular

black-hole-type geometry
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ds? = g (M, J)dx"dx", (39)
whose appropriate stationary and non-rotating limits can be compared with Kerr
and Schwarzschild geometry. The cosmic Hubble boundary must arise geometri-
cally rather than through a purely dimensional analogy.

2) Expansion and black-hole evolution. The seed geometry must be extended
to a genuinely dynamical spacetime with M =M (1), R, =R, (¢),and
H = H (t), while preserving

2GM , (¢t
R, ()= ° - zH Y
H (t) c

(40)

The resulting line element must describe expansion, mass evolution, causal
boundaries, and photon propagation as parts of one black-hole-universe solution.

3) Physical rotation. Rotation must enter through the metric and observer con-
gruence—for example through an axial off-diagonal structure analogous to g,
—and produce a nonzero covariant vorticity while retaining the proposed shear-
free condition. This requirement distinguishes measurable rotation from a remov-
able rotating coordinate system.

4) Hubble-angular-velocity locking. The dynamical solution must recover

o(t)=H(t), o(t)R, (t)=c| (41)

so that expansion, evolution, and rotation are governed by one cosmic rate rather
than by independently fitted functions.

Merely replacing the constant mass and spin parameters of a stationary black-
hole metric by A (z) and J(r) does not, by itself, produce a consistent solu-
tion. The modified geometry must be substituted into the covariant field equa-
tions, and its required stress-energy tensor, fluxes, conservation laws, regularity
conditions, and causal structure must be derived simultaneously.

A complete BHU theory therefore requires a covariant field equation whose
solutions simultaneously satisfy

c 2GM,
wo=H, o, =0, R, :E: =

, VAT =0, (42)

together with the proposed thermal relation. These equations specify the core of
the dedicated covariant BHU theory. The present paper supplies its empirically
successful distance, thermal, partition, and rotation relations and thereby fixes the
principal conditions that the field equation must reproduce, rather than leaving
the future dynamics unconstrained.

Known rotating cosmologies demonstrate that rotation requires its own spacetime
structure. Godel’s exact solution contains global rotation but also causal features
that need not belong to BHU [45]. Nearly FLRW rotating models are strongly
constrained because they attempt to preserve the standard background while in-
troducing vorticity [46]. Those hybrid limits do not define the BHU geometry. A
BHU metric must instead implement its shear-free coherent rotation, avoid closed

timelike curves, define a regular origin or global topology, and predict the observ-
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able preferred-axis signatures from first principles.

6.2. Conservation Laws

The covariant stress-energy tensor will supply the conservation-law foundation
for the geometric partitions. In BHU their primary role is the mechanical closure
in Equation (106), distinct from the FLRW curvature condition in Equation (107).
Deriving the effective pressure associated with the 2/3 mechanical sector and car-
rying the Kerr irreducible-mass analogy into a homogeneous evolving geometry
will show explicitly how the BHU partition appears when expressed in conven-

tional density language.

6.3. Parameter Economy and Uncertainty Control

The parameter economy of BHU can be stated transparently by distinguishing
universal constants, externally measured inputs, fixed theoretical numbers, and
fitted nuisance parameters. For example, a supernova distance curve uses 1,
and an absolute-magnitude offset, whose known degeneracy is resolved by exter-
nal calibration. Likewise, reporting the measured inputs 7, and [/, makes
clear exactly which part of the BAO result is algebraically predicted by the geo-
metric partition.

All numerical comparisons should include propagated uncertainties. For a de-
rived quantity X (p), its variance is approximately

i J

I

(43)

where C; is the covariance matrix of the inputs. Reporting only percentage dif-
ferences can overstate significance when inputs are correlated or when the for-

mula was selected after examining the target value.

6.4. Scope of the Present Article

This paper presents an integrated set of BHU identities, physical relations, suc-
cessful empirical fits, and forward predictions. Its principal observational compo-
nents are the Pantheon evolving-partition representation, the closed Union3 dis-
tance law, the thermal and acoustic-scale relations, the G, - G, live test, the
coherent-rotation signature, and the cosmic-dawn millimetre prediction. Publish-
ing the exact data vectors, code, covariance files, and minimization procedure will
make the numerical results directly reproducible. A joint likelihood incorporating
Planck, DESI, primordial abundances, and structure growth is the natural synthe-

sis of the cross-sector programme identified in Section 5.

7. Discussion

The Pantheon and Union3 results demonstrate that BHU preserves the observa-
tional content of the supernova data while providing a different physical interpre-

tation. The evolving partition successfully follows all 1048 Pantheon objects, and
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the compact bounded-distance function gives the lower reported > for the 22
covariance-weighted Union3 bins. These are positive empirical results for BHU
and simultaneously demonstrate that the historical light-cone data do not possess

only one admissible physical reading.

7.1. Homogeneity, Isotropy, and the Scope of Cosmological
Inference

The central issue is the physical justification and domain of applicability of cos-
mological symmetry assumptions, not merely the mathematical possibility of im-
posing them. Homogeneity means spatial uniformity on a specified constant-time
hypersurface and smoothing scale, whereas isotropy means direction independ-
ence about a specified observer. Isotropy about our position alone does not estab-
lish homogeneity. Extending it to other observers requires additional premises,
most notably the Copernican principle; indirect tests of that principle must be
distinguished from the decision to assume it [47].

We have not made direct observations of the skies as seen from remote cosmo-
logical locations, nor independently established our position within the Universe
as a whole relative to any proposed global centre or boundary. Our position
should therefore not first be assumed representative and then, through the same
assumption, declared to have been shown representative. Being at the centre of
our own observable region does not establish a physical centre of the entire Uni-
verse; an exactly homogeneous FLRW space has no preferred spatial centre. Any
bounded or rotating proposal must instead specify the centre, boundary, or axis
introduced by its own geometry.

A nearly isotropic CMB sky describes radiation received by us from different
directions. It is not a temperature measurement at every point along each line of
sight, nor a direct observation of the sky seen by distant observers. Our past light
cone is not a simultaneous spatial survey; inference of remote physical conditions
requires assumptions about emission, propagation, evolution, and distance. In
Chapter 3 of A Brief History of Time, Hawking wrote, “We believe it only on
grounds of modesty” [48]. His statement concerns the avoidance of a privileged
observing location, not measurements performed throughout the Universe, and it
does not imply that subsequent indirect tests lack value.

The authors accordingly regard the promotion of these working hypotheses to
unquestionable global physical truths as unjustified. Lack of direct remote access
establishes neither their validity nor their falsity. Galaxy counts, angular correla-
tions, and CMB temperature and polarization statistics provide relevant indirect
evidence and must be assessed with their selection effects, uncertainties, and
model-dependent conversions. Observed signals, reconstructed physical quan-
tities, and extrapolations beyond observational access should remain distinct.
Quantitative tests of the Copernican principle and inhomogeneous models illus-
trate how such indirect constraints can be constructed [49].

BHU does not adopt global homogeneity or isotropy as foundational assump-
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tions. It begins with its proposed bounded geometry, rotational dynamics, and
thermal relations. Departure from an assumed global symmetry alone is not a suf-
ficient physical reason to exclude an alternative; assessment should concern inter-
nal consistency and predictions for measurable properties of spacetime, matter,
and radiation. These include density, stress, temperature, opacity, rotation, and
their evolution, connected to received spectra, fluxes, angular patterns, and tem-
poral changes. Algebraic definitions of cosmic radius, mass, and mean density do
not themselves constitute measurements of a complete global state.

This position does not exempt BHU from angular and source-count tests. A
spherical mean density does not by itself establish spatial homogeneity or explain
the observed CMB isotropy. Rotation selects an axis; observer position, photon
propagation, shear, and rotational signatures must therefore be calculated to-
gether. The proposal must confront the measured statistics without requiring ex-
act global symmetry as a prerequisite or dismissing evidence that constrains de-
partures from it. The relevant observer congruence and covariant treatment of

shear and vorticity remain essential parts of this programme ([45] [46]).

7.2. The Hubble-Hawking Connection and Its Black-Hole
Interpretation

Black-hole thermodynamics motivates a connection between a gravitational scale

and temperature. For a Schwarzschild black hole, the semiclassical Hawking ex-

pression is

- By’
8nGk,M

I, (M)

(44)

It relates the thermal emission scale to mass and horizon surface gravity [50].
Substituting the assigned Hubble mass M, =03/ (2GH) into Equation (44)
gives the algebraic temperature scale

hoH
Ty (M, )=

=90 45
4nk, (49)

Equation (45) is linear in H , not in JVH . At H,=669km-s'-Mpc™, it is
approximately 1.32 x 107° K, not the observed approximately 2.7255 K CMB tem-
perature. Moreover, assigning M, through a compactness identity does not
prove that a dynamical Hubble boundary is a Schwarzschild event horizon.

The distinctive BHU step is the additional geometric-mean postulate, not an
identification of the CMB with conventional Hawking radiation from a Hubble-

mass black hole. In the notation of Section 11, it is

figs| Ho H I
Tony :\/TH (MPI)TH (MH) = 047[/:1 . Hy ZZGM . (46)
B Pl

Here T, (M, ) is a formal Planck-scale normalization; the semiclassical for-
mula is not established as a physical evaporation law at the Planck mass. Equation

(46) is algebraically equivalent to the proposed radius and mass relations in Equa-

tions (85) and (88). With a fixed Planck reference it yields H o 7j;,, and, after
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identifying 7y, (z) =T, (1+z), the history in Equation (92). The two lighthouse
routes in Section 11.1 supply complementary motivations for this power law while
retaining their distinct normalizations.

Its value for BHU is a quantitative link between a cosmological thermal scale
and Planck-Hubble gravitational scales, making the proposal more specific
than a purely dimensional universe-black-hole analogy. Its remaining physical
task is equally specific: derive the geometric-mean coupling, identify the rele-
vant horizon and observers in an expanding rotating spacetime, and explain
how the resulting radiation acquires the observed spectrum and angular prop-
erties. Schwarzschild formulae cannot simply be carried over unchanged to a
rotating horizon; cosmological horizon thermodynamics also depends on the
actual spacetime ([50] [51]). These requirements turn the thermal connection
into a programme for black-hole and cosmological tests, not a claim that Hawk-
ing’s calculation already establishes BHU.

The meaning of a measured horizon temperature is also clarified by work on
local Hawking temperature for dynamical black holes and on radiation inside
charged black holes with and without a cosmological term ([52]-[54]). These cal-
culations emphasize the specified spacetime, horizon and observer. They are rel-
evant comparisons for the BHU temperature proposal, not derivations of its geo-
metric-mean law.

Application to black-hole disc temperatures. The intended local application
retains the Planck mass and replaces only the Hubble mass by the astrophysical

black-hole mass:

3
hye

M, >M,, , M, fixed, |T"(M,,)=——"0u .
H BH Pl ( BH) 87IGkB MPIMBH

(47)

Equation (47) is the same local geometric-mean relation as Equation (30), now
stated explicitly as a proposed starting scale for understanding thermal emission

associated with black-hole accretion discs. It predicts 7~ oc M ,)* ; the common

fixed normalization also gives T (M, )/TBHU (M,,)=yM, /My, . No cosmo-
logical expansion rate is being assigned to the local disc.

Seshavatharam and Lakshminarayana have explored this compact-object appli-
cation in a separate preprint, including an additional correction between the geo-
metric-mean temperature and estimated inner-disc temperatures [55]. Thus the
direct mass substitution supplies a candidate characteristic thermal scale, not by
itself the observed disc colour temperature or a radial temperature profile. For the
representative mass already used in Equation (31), M, ~10°°M_, the uncor-
rected scale remains T =4.18x10°K . A quantitative disc application must
specify the correction or energy-transfer mechanism, the radiating region, accre-
tion conditions and spectral processing, and test the result against independently
constrained masses and spectra. This is the proposed connection to disc physics;
it does not identify disc emission with Hawking evaporation or establish that hot

accreting matter contradicts the conventional Hawking temperature.
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Local-effects coefficient and population tests. A useful phenomenological ex-

tension of Equation (47) is

3
hoc

Ty =Coes T (M) =Gy ———,
disc,i Cloc,l ( 1) Cloc,t 87'CGkB MPlMi

M, =My, ,. (48)

Here T,

disc,i

denotes a specified characteristic local effective disc temperature,
such as that at a consistently defined emitting radius. The positive dimensionless

coefficient (., parametrizes departures from the proposed baseline due to local

oc,i
conditions. Candidate dependencies include accretion state, spin, emitting radius
relative to the gravitational radius, and energy transport; none is assigned a fitted
functional form in this paper. An observed colour temperature requires a sepa-
rately stated spectral and propagation conversion and is not silently substituted
for this local temperature.

For two objects, Equation (48) implies

T;iisc,2 — Cloc,Z % (49)
T:iisc,l Cloc,l M2

At a fixed coefficient, increasing black-hole mass therefore lowers the charac-

teristic temperature as M 2

. For a population with a mass-dependent coeffi-
cient, the corresponding logarithmic slope is

dInT}, /dInM =-1/2+dInC, /dIn M . Equation (49) shows explicitly why local
conditions must be controlled before a mass trend is tested. If a free coefficient is
assigned to every measured temperature, the relation becomes a reparametriza-
tion of those measurements rather than a prediction. A discriminating test must
instead specify a shared coefficient law, constrain it with independent information,
and assess temperatures in objects not used to determine that law. No such pop-
ulation fit is claimed here.

Comparison with Mitra’s hot compact-object proposal. Abhas Mitra’s radia-
tion-pressure-supported “eternally collapsing objects” (ECOs), and the subse-
quent study with Norman K. Glendenning, provide a relevant alternative com-
pact-object comparison ([56] [57]). These authors propose hot, radiating, quasi-
static configurations before a putative limiting black-hole state. They should not
be described as conventional Schwarzschild or Kerr black holes with established
event horizons. Their proposal concerns trapped radiation and the interior of a
compact body, whereas Equation (48) parametrizes an accretion-disc temperature;
the two physical temperatures must remain distinct.

A shared mass exponent nevertheless provides a specific point of comparison.
In the approximate argument used by Mitra, a radius R =2GM / ¢’ and a radia-
tion-dominated mean energy density give

2
_ Mc o 4
U~———oc M, Uu=a,T,

d T e M2 50
(475/3)R3 int int ( )

Equation (50) summarizes that approximate interior scaling, not an exact rela-

tivistic volume integral [56]. The BHU geometric-mean relation reaches the same
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power through a different postulate. Matching exponents alone establishes neither
identical normalizations nor physical equivalence. A comparison must determine
the emitting region, surface or horizon structure, gravitational redshift, radiation
transport and observable spectrum in each model. This manuscript does not adopt
the ECO claim that collapse must avoid a finite-mass event horizon, and the com-

parison is not evidence against the existence of astrophysical black holes.

7.3. Atomic Action Scales and the Scope of the Alternative
Proposal

An additional question is whether the cosmic gravitational environment can help
determine an effective atomic action scale. This continues the authors’ earlier pro-
posals linking microscopic physics to the Hubble volume ([14] [58]); it is not pre-
sented as an entirely new idea originating in this manuscript. Section 11.5 gives
two explicit constructions and compares the Hubble normalizations they imply
when matched to the laboratory value 7, . This adds a microphysical consistency
test to the thermal and distance sectors. A mismatch between these normalizations
is a theoretical question to resolve, not a reason to average them or to claim sim-
ultaneous exact agreement.

The comparison with alternative approaches should be made at the level of the
question being addressed. The effective-field-theory treatment of general relativ-
ity provides a controlled low-energy quantum description of gravity [59]. The
BHU action proposal instead asks whether gravitational and particle-mass scales
can account for the value assigned to atomic action. An algebraic correspondence
does not supply the quantum dynamics, matter interactions or consistency con-
ditions supplied by a field theory. Nor is the origin or status of dimensionful con-
stants an unexplored subject; different formulations assign different roles to such
constants [60]. The present contribution is the explicit pair of hypotheses, their
normalization comparison, and a route to dimensionless spectral tests, not a
demonstrated replacement for quantum theory. Dependence on M, suggests
sensitivity to a global boundary condition, but does not itself define a nonlocal
interaction or establish a causal mechanism for coupling cosmic and atomic phys-

ics.

7.4. Priority of Acceleration Tests and Interpretation of the
Cosmological Term

The central methodological position of this paper is that observations must re-
main primary. When a theoretical construction and an observation do not agree,
the first scientific task is to re-examine the assumptions connecting them: the
adopted geometry, observer congruence, distance definition, redshift interpreta-
tion, source calibration, selection effects, and dynamical closure. An unexplained
residual may motivate a new physical component, but the residual itself is not
direct detection of that component.

Priority of testing acceleration. Dark energy is commonly invoked to explain
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inferred cosmic acceleration ([3] [6]). The BHU programme therefore gives pri-
ority to testing acceleration itself, particularly through the proposed repeated
spectroscopic observations of distance-ordered sources G, and G, (Section 3).
Within this approach, an independent dark-energy component is not a starting
assumption and receives secondary priority. The immediate task is to establish
which expansion history and spectroscopic predictions agree with observations.
This is a choice of research priority, not a claim that existing repeat observations
have already disproved dark energy. The source-pair tests retain the explicitly
stated propagation assumptions and sensitivity requirements.

Geometric interpretation of the cosmological term. A parameter introduced
to describe cosmic geometry need not initially be interpreted as a separate dark-
energy substance. In BHU, the proposed geometric or mechanical coefficients
should therefore be distinguished from independently established energy compo-
nents. Their physical interpretation must follow from the model’s equations, ra-
ther than from using the symbol A or a numerical value resembling a conventional
dark-energy fraction. In particular, the dimensionless mechanical fraction f,
and the auxiliary coefficient Q, (z) are not automatically a cosmological con-
stant. The conventional A has dimensions of inverse length squared; a dimension-
less number should instead be identified as a geometric coefficient. Within the
usual Einstein equations, writing Ag,, on the geometric side does not remove
its gravitational effect [3].

The resulting methodological position is straightforward: test acceleration first,
and do not assume a separate dark-energy explanation at the outset. BHU explores
whether bounded geometry, coherent rotation, thermal evolution and the adopted
distance relations can account for the observations. Its field-equation develop-
ment must make those ingredients and their conservation laws explicit, so that the
expansion dynamics and the interpretation of any cosmological term can be as-
sessed consistently.

Cosmological terms and coupling in alternative theories. Supergravity-moti-
vated nonminimal coupling and early-universe phase transitions with an induced
cosmological term have been studied by El-Nabulsi ([61] [62]). These are relevant
examples of constructions in which the cosmological term has a specified theoret-
ical origin. They do not identify the BHU mechanical fraction with a vacuum den-
sity. Other explicit alternatives include fractional-action cosmology with confor-
mal coupling and Maxwell-brane cosmology with curvature corrections, a cou-
pled scalar field and dark-sector interaction ([63] [64]). In comparison, the BHU
relations H / T? =constant and @=H specify links between scales; they do
not yet define an interaction action or an energy-transfer law.

Nonlocal effects and redshift interpretation. El-Nabulsi and Anukool relate
spatial long-range kernels to a generalized uncertainty principle and discuss
black-hole temperature consequences [65]. Such a nonlocal construction specifies
more than dependence on a global mass scale: its kernel and physical conditions

are part of the theory. Separately, Tremblin and Chabrier examine cosmological
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redshift in the presence of inhomogeneities and irreversible processes [66]. This
motivates making the assumed photon propagation explicit, without treating their
approach as equivalent to the bounded BHU law. These comparisons retain the
present priority of testing acceleration and the distinction between geometric co-

efficients and independent dark components.

7.5. Thermal Monotonicity, Rotation, and the Absence of
Acceleration in BHU

The measured present CMB temperature is 7, =2.72548+0.00057 K [67].
Measurements at earlier epochs are consistent with the adiabatic photon-temper-

ature law
T
T(t)a(t)=T0a0, F=—H, (51)

within current uncertainties [68]. The present radiation background is therefore
the low-temperature end of an observed monotonic cooling history. This physical
fact is important, but temperature alone does not determine the sign of . In
standard relativistic cosmology, the same law T oc @™ can accompany either de-
celerated or accelerated expansion; accelerating de Sitter horizons also possess a
well-defined thermodynamics [51]. This explains why the value 2.7 K, by itself, is
not normally treated as a disproof of acceleration.

From the global BHU thermodynamic viewpoint, however, the epoch com-
monly associated with the onset of late-time acceleration was already extremely
cold. Taking the representative transition redshift z, =0.6, the measured tem-

perature law gives

T(z,)=T,(1+z,)=(2.7255K)(1.6) =4.36 K. (52)

Thus the proposed reversal from deceleration to acceleration would occur after
the radiation background had already cooled to only a few kelvin. No heating
event, phase transition, or independently identified global energy-injection mech-
anism is observed at that epoch. In BHU, a universe following one continuous
cooling trajectory from the early hot state to 4.36 K and then to 2.7255 K has no
physical trigger for a second inflation-like acceleration phase. Both temperatures
belong to the same cold terminal part of the global thermal history, so the natural
BHU interpretation is continued deceleration rather than a late reversal of the
expansion dynamics.

This global argument becomes quantitative through the coupled BHU relation
H oc T* derived below. It is the combination of monotonic cooling and the H -T
closure—rather than the numerical smallness of the temperature alone—that re-
moves the acceleration branch from the BHU evolution.

The BHU claim is stronger because it adds the independent Planck-Hubble
thermal closure developed in Section 11,

H(r) _ [MJ (53)

H, T,
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Combining Equations (51) and (53), with a, =1, gives
ad

H=Ha?, H==2H", L= H+H> =-H*<0, g=-22 =41, (54)
a a

Thus, within the stated BHU thermal laws, continuous deceleration is a math-
ematical consequence rather than a qualitative appeal to coldness. Since the rota-
tional identification also gives @ = H , the same trajectory unifies the three prin-

cipal rates:

Ty = Hli=0l = i<o. (55)

Expansion, thermal evolution, and coherent rotation therefore cannot be as-
signed independent histories in BHU. An accelerating phase would require a fail-
ure or modification of at least one of the relations 7a =constant, H o T2, or
w=H.

The conceptual importance of the 2.7 K background is consequently precise. It
locates the present universe at the cold end of the BHU trajectory and supplies the
measured normalization 7, while the sign of the acceleration follows from the
coupled time-domain equations. The absence of a measurable changein 7; over
a human baseline is not used as evidence by itself, because the expected drift is far
below present absolute-temperature sensitivity. The decisive tests are instead the
constancy of H (z) / T (z) across epochs, the sign of redshift drift, and the re-
covery of Equation (54) from the future covariant BHU field equation.

This thermal result also clarifies the required theoretical strategy. A BHU field
equation begins from expansion, thermal evolution, vorticity, and conservation as
one coupled system rather than importing a dark-energy acceleration term. Re-
covering Equations (53) - (55) together with cosmic-age constraints will provide
the covariant derivation of the continuous-deceleration result already obtained
from the thermal closure.

The preceding methodological argument requires the two interpretations to be
judged by their physical assumptions and testable consequences, not by the his-
torical maturity of their calculational machinery. Within FLRW analyses, the in-
ference of acceleration follows after adopting the FLRW geometry, calibrated lu-
minosity distances, and a negative-pressure component or equivalent modifica-
tion. The BHU framework instead combines bounded geometry, thermal evolu-
tion, coherent rotation, and alternative distance relations and asks whether they
reproduce the same observations without an independent dark-energy source.
The appropriate comparison is therefore prediction against prediction under
common data, calibration, covariance, and uncertainty treatment. Historical su-
pernova, BAO, and CMB fits constrain the admissible cosmic histories, while re-
peated measurement of the same sources supplies the distinct live test of whether
their redshifts are presently increasing in the required distance-ordered manner.

The G, - G, programme separates an observational question from its phys-
ical interpretation: the measured quantities are repeat spectral shifts, whereas their

predicted signs, amplitudes, and distance dependence require a propagation model.
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The data in Table 1 do not constitute a controlled source-pair test. Section 3.4
quantifies a conditional low-redshift benchmark and the precision and systematic
controls needed to pursue it.

The same separation applies inside the BHU framework. The relations
v(t,r)=H(t)r=w(t)r and 4nk,T(1)= Glel/, |R(t)R, are formulated
without redshift and are intended as epoch-by-epoch physical relations. The sec-
ond relation uses the fixed Planck gravitational-inertial anchor GM?, ; it does not
require an assumed future law for 7(r). By contrast, the functions of z used
for Pantheon and Union3 organize observations of the past and should not be
extrapolated automatically beyond the observed domain.

MoM-BH'-1 supplies a complementary cross-scale support. Its dense hydrogen
spectrum and black-hole-dominated environment match the physical setting en-
visaged by Equations (27) and (29), while the numerical values in Equations (28)
and (31) make the agreement testable. A forward calculation from the atomic and
thermodynamic scales to the measured wavelengths, line ratios, break amplitude,
continuum, and envelope temperature will quantify this correspondence. A pop-
ulation analysis using one redshift law and one black-hole-mass law without
source-by-source adjustment offers an especially strong confirmation route.

The confirmation programme is therefore concrete: stable absorption systems
repeated with the same frequency standard and separated into distance bins can
test the opposite orderings in Equations (8) and (11); a public unbinned Pan-
theon+ and Union3 analysis can extend the successful distance fits under identical
nuisance parameters; and covariant BHU dynamics can derive the bounded dis-

tance law directly from the rotating geometry.

8. Achievements

Origin of the proposed fractions. The present mechanical seed is the thin-shell
prescription I, =(2/3)M ,R;, , together with @R, =c: E,, (Mch): 1/3,
leaving the complementary fraction 2/3. The evolving auxiliary fractions also ad-
mit the following shift-motivated construction, which separates the reference de-
celeration index from the additional BHU weight prescription.

For a spatially flat, radiation-free matter-A reference, the conventional deceler-

ation parameter is

Lo

2
zZ)=
e (2) Q,,(1+z) +Q,,

'm0

(1+z)3 -Q,,

, Q,0+Q,, =1 (56)

With the idealized present fractions (1/3, 2/3), this gives ¢, (0)=-1/2 and
the matter-dominated limit ¢,.; —> +1/2 [3]. Adding, rather than multiplying by,
one half defines the shifted index

0(z) =g, (2) +%, 0(0)=0,0(z) —> lin the radiation-free high-redshift limit.
(57)

Adding +1/2 raises the present negative reference value —0.5 to zero and
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raises the earlier matter-dominated value +0.5 to one. Read forward in cosmic
time, the resulting sequence is therefore Q:1— 0, with no negative values. The
authors use this non-negative sequence to motivate a continuous-deceleration in-
terpretation rather than a transition to acceleration. If adopted as a physical de-
celeration history, such a sequence would remain decelerating up to its zero-ac-
celeration endpoint. The addition of 1/2 supplies this motivation, not a dynamical
proof; the thermal argument for continuous deceleration is given separately below.

The acceleration transition of this exact (1/3, 2/3) reference is
z, =4 ~1=0.587 . The often quoted value near 0.63 instead follows from ap-
proximately (€,,,,Q,,)=(0.315,0.685), for which ¢, (0)=-0.5275 and
0(0)=-0.0275 [5]; these two benchmarks should not be conflated. The limit
+1/2 is a matter-dominated approximation, not a Planck-era prediction: radiation
domination gives ¢ — 1, and extrapolation into the Planck regime requires fur-
ther physics.

Motivated by the half-unit shift and the epoch factor 1+ z, the BHU prescrip-
tion next adopts the positive weights w, =1/2 and w, =1+z . Normalizing

their sum gives

1 2(1+
Qm(z):wvi}:qw :3+2z’ QA(Z):wv:r/\w B 3(+2§)' (58)
m A m A

Thus Q, +Q, =1 and the present values recover the mechanical seed (1/3,
2/3). The choice of weights is an additional phenomenological postulate, not a
unique consequence of adding 1/2 to ¢, . These auxiliary coefficients must not
be confused with the instantaneous matter and vacuum fractions in Equation (56).
Shifting a reference index does not change its physical acceleration; the separate
BHU result ¢=1 follows from the stated thermal and scale-factor assumptions
in Equation (54). The achievement is the explicit normalized prescription and its
reported distance comparisons, with the additional assumptions made identifiable.

Thermal meaning of continuous deceleration. The proposed thermal picture
connects a Planck-scale hot starting point to the present CMB temperature
T, =2.725 K, subject to the assumed extrapolation of the BHU thermal relation.
Its quantitative deceleration statement follows from combining H/H, =(T/T, )2 ,
Toca' and H=adfa:

4
a T,

0

Thus, throughout the expanding branch governed by these assumptions, cool-
ing reduces the magnitude of the deceleration per unit scale factor without revers-
ing its sign: the evolution remains decelerating, not accelerating. At 7' =7 that
magnitude is H_, not zero. This supplies the thermal basis for the continuous
deceleration claimed here, while distinguishing it from the motivating shifted se-
quence Q:1— 0. Cooling alone would not fix the acceleration sign; the added

H -T closure is essential. Identifying the physical ¢ with a sequence ending at
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zero would therefore require modifying at least one of the stated closure assump-
tions.

Measured redshift versus inferred recession. The central observational dis-
tinction is that a distant galaxy’s spectroscopic redshift is measured, whereas its
cosmological recession speed v=Hr is inferred within an adopted spacetime
model. The supernova Hubble diagram does not independently track that galaxy’s
physical separation through the time-resolved sequence D (t) —-D (Z) —-D (Z) .
The acceleration inference is therefore an additional model-based interpretation
of measured light-cone data, not a direct observation of that galaxy’s recession
speed increasing between observing dates ([1] [2]). Describing it as the latter
would overstate what was measured. This distinction motivates the BHU priority
given to repeated spectroscopy and explicit source-pair predictions. It does not
make the underlying observations unconfirmed, nor does it establish the alterna-
tive identification w=H without independent tests.

This paper has organized the bounded-redshift BHU proposal around quanti-
tative comparisons and falsifiable observations. A principal result is that replacing

a constant matter fraction by

Q,(2)

produces a successful fit to the 1048-object Pantheon Hubble diagram, with re-
ported weighted RMS 0.1348 mag and */N =1.012. These values are close to
0.1336 mag and 0.993 for the selected flat-ACDM reference; thus the evolving

BHU partition remains close to the reference across the complete 1048-object

1

2(l+z)
3427

342z

Q, (z)z

sample even though the latter has the lower summarized Pantheon y>. Inde-
pendently, the bounded sinh law clearly fits the 22 covariance-weighted Union3
bins and gives y” =24.902, lower than 26.411 for the selected fixed reference
with the same floating calibration offset. The combined result is substantially
stronger than a qualitative resemblance: two different supernova compilations
support the BHU construction, and the bounded law provides the better reported
Union3 bin-level statistic. These successful empirical fits establish the observa-
tional viability of bounded redshift and provide direct targets for derivation from
the covariant BHU dynamics.

The complementary live test retains distance-ordered source pairs as an obser-
vational priority. Under the proposed sign-preserving spectroscopic mapping, the
candidate positive ordering is Az, > Az, >0, while the BHU candidate is
Az, <Az, < 0. These are hypotheses requiring a specified mapping between emis-
sion, propagation, and observer time, not universal consequences of the sign of
recession acceleration. Existing repeat-telescope measurements do not establish
either controlled pair ordering, and a null result alone does not prove absence of
acceleration.

The 50-year assessment in Section 3.4 makes the experimental requirement ex-
plicit. With the stated leading-order low-redshift assumptions, a source at

z=0.01 has a predicted shift of about 1.03 cm-s™ in 50 years. An illustrative pair
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at z=0.01 and 0.02 requires approximately 1.03 mm-s™ equal per-source, per-
epoch precision for anominal 5o differential detection with independent errors.
Long-term stability and astrophysical systematics, not instrumental resolving
power alone, determine whether that target is attainable. Establishing both indi-
vidual drift signs and the pair difference would test the specified mapping; iden-
tifying the underlying cosmological mechanism requires comparison with com-
peting predictions.

The galactic extension makes a separate set of predictions. The Super-Gravity
mapping M, =M,\/M,/M, connects baryonic mass to an effective gravita-
tional supplement, characteristic radii, and rotation speed without assigning an
independently adjustable particle halo to every galaxy. Its nonlinear scaling,
M, o« M}, predicts that an equal-mass relaxed merger has a supplement larger
by the factor V2 than the sum of its two progenitors. Rotation-curve databases,
galaxy sizes, lensing masses, merger simulations, and the observed lensing-gas
separation in the Bullet Cluster can therefore support, constrain, or falsify this
construction.

The cosmic-dawn applications provide independent microscopic support and
confirmation tests. For MoM-BH'-1, the atomic and geometric-mean black-hole
relations connect directly to the measured hydrogen-rich spectrum and envelope
energetics without introducing a supernova calibration. For JADES-GS-z14-0, the
predicted paired features near 1.230 and 0.916 mm, with fixed ratio 1.3428, can be
sought in archival and future millimetre data. Their independence from the dis-
tance-ladder analysis makes them especially valuable cross-checks of the inte-
grated framework.

A further methodological contribution is the explicit local compact-object ex-
tension of the thermal relation. Retaining M, while replacing M, by M,
supplies the characteristic scale 7" oc M ,))* ; Equation (48) separates that baseline
from a local-effects coefficient and Equation (49) specifies a conditional popula-
tion test. The comparison with Mitra’s radiation-supported ECO proposal identi-
fies a shared exponent but different temperature definitions and physical assump-
tions. The contribution here is this explicit comparison and test prescription, not
a claim to have discovered the mass exponent, validated disc temperatures, or es-
tablished equivalence with ECOs.

The atomic-action sector adds a second cross-scale consistency test. Section
11.5 expresses two candidate action scales through G,c¢,m,,m, and M, , and
obtains the distinct conditional normalizations Hél) =70.74 and Héz) =65.18
km-s™'-Mpc™' by matching each to 7, . The achievement is an explicit, numeri-
cally checkable comparison with the adopted thermal normalization, not an exact
derivation of 7, proof of varying constants, or completed gravity-quantum uni-
fication. Earlier atomic-cosmic proposals are acknowledged in Section 7.3.

The rotational proposal is likewise observationally definite: BHU assumes a
bounded, shear-free, coherently rotating construction with @(7)=H(r) and a

measurable global axis. Agreement among independent axes inferred from galaxy
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handedness, CMB temperature and polarization, and secular proper motions
would support this interpretation; inconsistent axes or amplitudes would reject it.

The present paper therefore establishes BHU as an integrated quantitative re-
search programme with successful supernova fits, cross-scale numerical agree-
ments, a definite deceleration law, and multiple falsifiable predictions. The covar-
iant theoretical stage can now construct the dynamical black-hole line element
and field equations, incorporating black-hole evolution, expansion, physical vor-
ticity, and the locking @(7) = H (¢) while deriving the stress-energy tensor, con-
servation laws, causal structure, and photon geodesics. The principal result is a
coherent alternative whose supporting evidence spans supernovae, thermal scal-
ing, acoustic lengths, galactic dynamics, large-scale rotation, proposed live red-
shift tests, and cosmic-dawn spectroscopy, together with a clear route to decisive

confirmation.

9. Foundational Construction

9.1. Hubble Compactness Identity

At an epoch characterized by Hubble parameter H , define

2
A VL (60)

C
R, =—,
" PTG 3

Substitution gives

¢ 2GM, ¢

- , =R, 61
" ogHT & oH ! (6D
The associated compactness is
2GM,
CH = > = 1 (62)
c’R,

Equation (61) is an exact identity once critical density and a Hubble sphere have
been adopted. BHU elevates this unit-compactness result from a numerical coin-
cidence to the geometric foundation of a bounded cosmic system; its topology,
horizon character, and rotation then become connected physical consequences to
be established through the remaining relations and observations developed below.

For a representative value H, =66.9 km-s™ -Mpc™', one obtains

R, =4.48x10° Mpc, M, =9.3x10” kg. (63)
The corresponding gravitational potential scale is
M 2
My (64)
R, 2

which motivates a connection with Machian ideas about the cosmic origin of in-
ertia [69].

9.2. Rotational Interpretation

Hubble’s linear relation and rigid rotation have the same algebraic form,
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v=Hr, v=or. (65)
The central BHU unifying identification is
w(t)=H(t)| (66)

At r=R,, this gives v=HR,, =c. The result unifies the observed Hubble
proportionality, the established rotational law v =r® , and the Hubble boundary
in one light-speed construction. Its physical realization is specified through a con-
gruence of observers, a nonzero vorticity tensor, and a rotating metric, with CMB
isotropy providing a stringent and valuable test of the resulting geometry ([45]
[46]). The covariant BHU development will work within the class of rotating,
shear-free, expanding spacetimes that generalize the Kerr metric [70] to a cosmo-
logical setting, with the Hubble boundary playing the role of a cosmological event
horizon analogous to that studied by Gibbons and Hawking [51].

The physical status of the two linear laws should nevertheless be distinguished

clearly. In rotational mechanics,

v (r) = re (67)

is an established relation between radius, angular velocity, and physical tangential
speed. The recession speeds assigned to distant galaxies through v=HD are in-
ferred, not directly measured by tracking the galaxies’ changing separations over
time. Here D denotes cosmological proper distance. Observations provide red-
shifts, fluxes and distance indicators; a cosmological model relates these observa-
tions to recession speeds [71]. Thus, a Hubble diagram does not independently
confirm each assigned speed through a measurement of the same galaxy’s change
in separation divided by elapsed time. This is a limitation of the measurement
method, not a claim that the measured redshifts or distance indicators are unreli-
able.

The physical interpretation of redshift must also be cross-checked through
its independently observable consequences. A redshift records a wavelength dif-
ference between emission and observation; that difference alone does not uniquely
identify its physical cause. If it is attributed to cosmic expansion, the proposed
expansion history must predict other measurable effects, including thermal evo-
lution and temporal changes in redshift. Thermal cross-checks already exist, in-
cluding measurements of the CMB temperature at different redshifts [68]. The
specific cross-check emphasized here is repeated spectroscopy of the same sources
against quantitative redshift-drift predictions [25]. A Hubble diagram alone does
not supply this temporal test. For BHU, this does not mean re-establishing the
rotational kinematic relation v, =r®, or requiring a direct tangential-speed
measurement for every galaxy. The proposed spectroscopic programme uses red-
shift and its temporal change as observables. Its task is to test the BHU prediction
for those observables, not to re-test the general relation between tangential speed
and angular velocity. The additional physical proposal is that the Universe has the
specified rotation with @w=H and that its emission and light-propagation

model accounts for the observed redshifts. That proposal is not established by
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Vv, = r@ alone. Redshift measurements can test it without direct measurements
of tangential speed, provided the model specifies the redshift pattern or drift to be
compared with observations.

Inverse redshift prediction from an independently determined luminosity
distance. The bounded sinh relation already provides a concrete way to make this
comparison. Equations (121) and (123), with the fixed coefficient Q, = 2/ 3, can
be used in reverse: given a luminosity distance D determined by another
method, one can calculate the BHU-predicted redshift and compare it with the
measured spectral redshift. In this formula, €, denotes the adopted BHU geo-
metric coefficient, not a fitted vacuum-density parameter. The complementary
fraction 1/3 discussed elsewhere does not enter this closed distance law as a sepa-

rate term or adjustable parameter. Writing x =z, =z/(1+z), the inverse prob-

lem is
sinh x sinh x H,D™
]: = — 0L
(x) (1+sinhx)(1—x)exp( 2/3 j (x)==
X 1
Zprcdzm’ 1—"_Zpr'cd =E'

For 0<x<I1, F increasescontinuously from zero to infinity, so every finite
nonnegative luminosity distance gives a unique predicted nonnegative redshift,
obtainable numerically. This is the inverse use of the proposed distance law, not a
measurement of a galaxy’s tangential or recession speed. To make it an independ-
ent test, the distance estimate must not be obtained by putting the same measured
redshift into the BHU distance law; [, and the luminosity calibration must also
be fixed independently of the source being tested, with their uncertainties propa-
gated. Agreement between z,, and z, would support the distance-redshift
relation. It would not, by itself, uniquely identify the physical mechanism produc-
ing that relation.

Forward and inverse comparisons on equal terms. The same reasoning ap-
plies to the reference ACDM model. In the forward comparison, a specified or
fitted parameter set determines the predicted luminosity distance at each meas-
ured spectral redshift. Once that parameter set, H, and the distance calibration
are fixed, the one-to-one distance law can instead be inverted to infer a redshift
from a luminosity distance and compare it with spectroscopy. Thus, on an invert-
ible branch,

Dan — Dznodel (Z . 0) oz — [Dznodel (’0)]—1 (Dan),

spec? spec

where @ denotes the fixed model parameters. Exact forward agreement there-
fore implies exact inverse agreement; with noisy data, uncertainties and covari-
ance must be propagated through the inverse relation rather than compared as
unweighted redshift residuals. Inferring 1+2z instead of z adds no independ-
ent observable.

For example, the selected Pantheon reference in this paper uses
(Q,.9Q,)=(0.315,0.685) . These are reference density parameters, not values

m?>
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newly fitted by the inverse exercise and not identified here with BHU’s geometric
fractions. The BHU inverse uses the bounded variable and the fixed 2/3 coefficient
specified above. Both prescriptions can therefore be tested against the same inde-
pendently calibrated luminosity distances and measured redshifts. Comparable
agreement would mean that this dataset, at its available precision, does not by
itself distinguish the two distance laws; it would not establish that their physical
mechanisms are identical.

The provenance of the distance input is essential. A distance calculated from a
source’s measured redshift using ACDM may be inserted into the BHU inverse,
but the result tests agreement between the two model curves, not an independent
brightness-spectroscopy comparison. A luminosity distance inferred from cor-
rected apparent magnitude and a separately calibrated absolute magnitude, with-
out imposing either model’s distance-redshift curve on that source, provides the
intended observational input. Reversing an existing fit on its original sample does
not constitute additional independent evidence; a predictive test requires inde-
pendently fixed calibration and parameters, with any use of redshift in the photo-
metric processing explicitly accounted for.

This inverse distance-redshift comparison is distinct from a temporal test of

acceleration. For direct tracking, the relevant hierarchy is
D(6) > v(1)=D (1) A(t)=v(1)= D (¢). (68)

The supernova distance analyses cited here do not measure this hierarchy by
repeatedly tracking the same galaxy’s physical separation. The need for a comple-
mentary temporal test motivated Sandage’s proposal and its spectroscopic devel-
opment by Loeb ([24] [72]). Standard acceleration analyses instead constrain the
expansion history using measured redshifts and standardized fluxes within an
adopted cosmological framework ([1] [2]). Acceleration is therefore inferred by
comparing model predictions with observations, rather than directly observed as
a sequence of increasing recession speeds for the same galaxy. Further mathemat-
ical use of v=HD does not, by itself, establish acceleration: the inferred expan-
sion history must also fit the observations. The BHU programme gives priority to
a complementary test of that history using repeated observations. The live G, -
G, programme in Section 3 measures changes in redshift, whose conversion into
recession acceleration still requires an explicit emission and propagation model.

For nearly a century, the two linear relations were available but were kept con-
ceptually separate. The cosmological relation v=Hr was interpreted within
Friedmann-Lemaitre expansion and, later, the A-based standard model, whereas
the established relation v=r® remained a law of rotational mechanics. Their
identical radial form therefore did not become a physical identification in stand-
ard cosmology. The BHU case is different: it promotes the formal correspondence
to the epoch-dependent physical statement H(7)=cw(¢) and joins it to the
bounded condition R, (¢)=c/H (). Rotation is consequently not an auxiliary
correction added to a Amodel, but an organizing element of the cosmic construc-

tion itself.
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Within this observational gap, the identification @ =H supplies a concrete
physical interpretation of the linear Hubble form. The established rotational law
v=rw, the observed relation v=Hr, and the bounded condition R, =c/H
become one coherent kinematic construction with v(RH ) = c¢. Directional, spec-
troscopic, thermal, and large-scale-structure predictions then provide multiple in-
dependent routes for confirming this cosmic-rotation interpretation.

For a thin spherical shell, the moment of inertia and the rotational kinetic en-

ergy associated with Equation (66) are

IH 2 1 2 1 2 2 1 2
=2 E, =—1,0" =—M,R:H* =—M . (69)
MR} 3> T M g 3

Thus the thin-shell geometry directly yields the moment-of-inertia coefficient
2/3 and, through the standard factor 1/2in E, = I, /2 , the kinetic-energy co-
efficient 1/3. A homogeneous solid sphere would instead give 1, =2M ,R;, / 5
and E, =M,c / 5, demonstrating that the observed 2/3 - 1/3 BHU partition se-
lects a definite global mass profile rather than following from dimensional nota-
tion alone. The covariant stress-energy formulation will convert this mechanical
result into the corresponding relativistic rotational-energy definition; Section 12.1

develops its mass-energy consequences.

9.3. Shear-Free Coherent Rotation and Observational Meaning

The rotational proposal is not intended to describe a universe filled with inde-
pendent turbulent vortices, nor is it obtained by appending a small rotation term
to an otherwise unchanged FLRW cosmology. Its intended kinematics is a coher-
ent rigid component together with an isotropic radial component. As a local first-
order decomposition of the proposed BHU congruence, rather than as an FLRW

field equation, this may be written
v(t,r)zH(t)r+aJ(t)><r. (70)
For spatially uniform /A and @, the velocity gradient is

6jv,. :H§I.j+e

ikj

. (71)

Its trace, symmetric trace-free part, and antisymmetric part give

0 1
0=0,v,=3H, a,.jza(jv,.)—géyzo, wEEVXv=w. (72)

Thus a coherent rigid rotation is exactly shear-free at this kinematic level: it
does not stretch an infinitesimal fluid element differently along different axes. The
phrase “no local vortices” should be understood to mean no spatially varying ed-
dies or differential rotation, not zero vorticity. A physical global rotation neces-
sarily has the uniform nonzero vorticity @ =® . The radial Hubble field and the
rotational field also remain vectorially distinct even when their scalar rates are
identified by w=H .

Why rotation cannot simply be added to FLRW. The FLRW construction is
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based on a hypersurface-orthogonal, irrotational cosmic congruence. Introducing
a physical vorticity of the same order as the expansion rate changes that founda-
tion rather than making a minor correction to it. The antisymmetric term in Equa-
tion (71) changes the global symmetry, observer congruence, connection, null ge-
odesics, distance relations, CMB transfer, and interpretation of the density param-
eters. It is therefore inconsistent to retain the complete FLRW-Friedmann ma-
chinery and merely add an angular velocity afterward. In the BHU proposal,
a)/ H =1 isnota perturbation parameter: expansion and rotation are two aspects
of one bounded light-speed construction, and the required spacetime belongs to
a different global model class.

Conventional searches for Bianchi rotation constrain templates that preserve
much of the standard expanding-background structure. The quoted Planck limit
(w/H )0 <7.6x107"" applies to those particular Bianchi realizations [73]; it is nei-
ther a direct measurement of the BHU ratio nor a bound that can be transferred
unchanged to a shear-free bounded BHU geometry. Its proper lesson is that rota-
tion cannot be inserted into the standard framework while leaving its CMB pre-
dictions intact. The BHU programme must instead calculate temperature, polari-
zation, and photon propagation from its own rotating metric. Those predictions,
rather than a hybrid “FLRW plus rotation” construction, provide the appropriate
observational comparison.

A recent MNRAS study investigated whether cosmic rotation could help resolve
the Hubble tension. Using a Godel-inspired, slowly rotating dark-fluid model,
Szigeti et al. found that a present angular velocity of order @, =2x107 Gyr™' can
shift the predicted present Hubble parameter toward the locally measured value
[74]. Although its Newtonian approximation and slow-rotation dynamics differ
from the bounded BHU identification @ =H , the study independently demon-
strates that rotation can modify the inferred expansion history and therefore de-
serves consideration in discussions of the Hubble tension.

Galaxy handedness supplies independent motivation for this replacement. An
analysis of 263 spiral galaxies in the JADES GOODS-S field reported 158 in one
apparent rotation sense and 105 in the other, corresponding to a one-tailed bino-
mial probability near 7 x 107 [75]. Within BHU, such a high-redshift handedness
imbalance is naturally interpreted as a possible remnant of coherent primordial
angular momentum rather than as rotation artificially attached to an irrotational
background. Wider sky coverage can now test the stronger prediction: the hand-
edness dipole, CMB large-angle structure, polarization, and secular proper mo-
tions should converge toward one physically consistent global axis.

More direct evidence for coherent angular momentum on large scales has been
reported from MeerKAT H i observations of a galaxy filamentat z=0.032 [76].
Fourteen H i-selected galaxies form a thin 1.7-Mpc string embedded within a
larger filament extending at least 15 Mpc. Their spin axes are not randomly ori-
ented but show unusually strong alignment with the filament, while the line-of-

sight velocities on opposite sides of the filament spine provide evidence that the
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galaxies orbit around it. This correspondence between galaxy spins and the appar-
ent rotation of their host filament challenges models in which the angular mo-
menta of neighbouring galaxies are generated independently or subsequently ran-
domized. In the BHU interpretation, it suggests that galaxies may inherit part of
their angular momentum from a coherent rotational environment—as though the
large-scale cosmic structure transmits its angular-momentum pattern to the gal-
axies embedded within it. The authors note that a redshift gradient associated with
a cosmic wall remains an alternative interpretation, so this is evidence for rotation
of a particular large-scale structure rather than proof that the Universe as a whole
rotates. Nevertheless, the observation demonstrates that coherent angular mo-
mentum can persist across megaparsec scales and provides a concrete target for
testing whether local and filamentary rotation axes participate in a wider cosmic

pattern.

9.4. Redshift-Free Epoch Relations

The foundational BHU relations are intended to describe the physical state of the
universe at an arbitrary epoch ¢ . Their natural variables are time and physical

radius, not observed redshift:

v(t,r)=H(t)r=w(1)r, RH(t):ﬁ, v(t,R, (1)) =c. (73)

Likewise, the proposed thermodynamic coupling is an epoch relation written

in terms of the geometric mean of the epoch radius and the fixed Planck radius,

GM;

4nk,T (1) = RO,

(74)

Here M, and R, =2GM, /c* define a fixed Planck-scale gravitational-in-
ertial reference, while R (t) = c/ H (t) is the Hubble radius of the selected epoch.
In BHU, Equations (73) and (74) are fundamental epoch relations connecting
H(t), o(t),and T(r). Their redshift-free form is a strength because it allows
both past and future evolution to be formulated directly in physical time.

This distinction controls any discussion of the future. A redshift-dependent ex-
pression such as H (z) is a representation of states inferred from received past
light. It is not, by itself, a future evolution equation. Future values must be ob-
tained from time-domain dynamics for H(z) and 7(z), together with appro-
priate initial data; they should not be generated merely by extending an observa-

tional z>0 formula to negative redshift.

9.5. Status of the Assumptions

Table 6 shows how the exact identities, physical identifications, and observational
predictions form a progressive BHU argument: the identities establish the foun-

dation, while the linked tests determine its physical realization.
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Table 6. Logical status of the principal BHU relations.

Relation Status Required validation

- Definitions based on th
R, =c/H and e. 1.r11 Lons ?se on the Consistency with the selected
Mool / (ZGH) critical-density Hubble cosmoloical slicin
n=¢ sphere & &

Exact unit-compactness  Foundation for the bounded-

R, =2GM, /¢’
" " / identity horizon interpretation
Covariant shear-free metric,
w=H Physical hypothesis nonzero global vorticity, and
CMB constraints
Consequence of definitions ~ Physical meaning of the
v(R - ) =c

plus w=H boundary

Derivation from statistical

Th 1 postulate with
4nk,T = GM}, / JR(?)R,, g::; PII);)r?clli z:c;:)r 2 mechanics or horizon

thermodynamics
Global likelihood analysis of
Q,=2/3, Q,=1/3 Geometric identification obatlIkeihood anatysis o
independent data
GM? / - Present-epoch Planck Fixed gravitational-inertial
/€=M normalization anchor for the thermal law

10. Black-Hole-Universe Models in Earlier and Current
Literature

The interpretation of the observable universe as a black-hole-type system has a
substantial history. This literature establishes that BHU reasoning is not an iso-
lated analogy but a recurring research direction pursued through several inde-
pendent gravitational mechanisms. The present framework belongs to that broad
family while adding a specific light-speed rotational closure, a bounded-redshift
description, and a Planck-Hubble thermal law.

Pathria gave the classic early formulation in 1972, showing that a pressureless
closed Friedmann universe could be identified with the interior of a Schwarzschild
black hole for an appropriate cosmological constant and emphasizing that such a
universe would be spatially confined and unable to expand without limit [77].
Frolov, Markov, and Mukhanov subsequently replaced the black-hole singularity
by a limiting-curvature de Sitter core, allowing a closed or semiclosed world inside
a black hole to pass from contraction through a transition layer into inflationary
expansion [78]. These studies established two enduring BHU themes: cosmic clo-
sure at a gravitational boundary and the possibility that black-hole interiors gen-
erate macroscopic universes.

Dr. Tianxi Zhang of Alabama A & M University developed another explicit
black-hole-universe model in 2009 and later organized it through a principle
of spacetime-black-hole equivalence ([79] [80]). In this construction the uni-
verse begins as a hot stellar-mass black hole and grows through accretion and

black-hole mergers toward its present Hubble-scale mass. The model maintains
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the Mach-Schwarzschild relation 2GM / (czR) =1, adopts positive curvature
k =1, describes a hierarchy of parent and child black-hole universes, and associ-
ates the CMB with the thermal history of the growing cosmic black hole. Its pre-
sent expansion can approach the speed of light, while acceleration is attributed to
an increasing rate of mass accretion. This Alabama A & M programme is espe-
cially relevant because it independently combines cosmic compactness, black-hole
growth, CMB temperature, and light-speed expansion, although its accretion-
driven thermal history differs from the Planck-Hubble geometric-mean closure
used here.

Poptawski developed a different realization using Einstein-Cartan gravity.
Spin-torsion coupling produces repulsion at fermionic densities, avoids the sin-
gularity, and replaces it with a nonsingular bounce [81]. In the later universe-in-
a-black-hole construction, particle production supplies entropy and inflation,
while the expanding region on the far side of the event horizon becomes a closed
baby universe [82]. This remains an active programme: recent work develops
gravitational collapse with spin-torsion into a nonsingular bouncing universe in-
side a black hole and separately examines physical black holes embedded in an
expanding universe ([83] [84]). The approach therefore supplies a continuing mi-
croscopic programme for black-hole-universe formation, particle production, in-
flation, oscillatory cosmic evolution, and possible preferred-axis consequences of
a rotating parent black hole.

Gaztafiaga’s contemporary BHU programme begins with the collapse of a finite
approximately homogeneous FLRW cloud. The Schwarzschild radius becomes
the cosmic event horizon, the cosmological-constant scale is interpreted as a
boundary scale, and collapse followed by a bounce generates the expanding uni-
verse without introducing an independent dark-energy substance [85]. Recent rel-
ativistic work with Kumar, Pradhan, and Gabler derives a bounce from a quan-
tum-exclusion ground state, emphasizes the necessity of positive spatial curvature,
and predicts a small nonzero closed curvature as an observational signature [86].
Thus both older and current literature independently support the physical possi-
bility of bounded universes, nonsingular black-hole interiors, gravitational
bounces, and horizon-controlled cosmic evolution.

Table 7 summarizes how the present construction relates to these representa-

tive branches.

Table 7. Representative black-hole-universe models and the individual contributors to the
present Planck-Hubble branch.

. Central mechanism or Relation to the present
Model or contributor .
contribution framework

Closed Friedmann universe  Establishes finite cosmic

Pathria (1972) inside a Schwarzschild closure but gives no Planck-
boundary Hubble temperature closure
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Continued

Establishes nonsingular
Frolov-Markov-Mukhanov Limiting curvature and a de closed-world formation and
(1990) Sitter core inside a black hole inflation from a black-hole
interior
Connects compactness, CMB
Accretion-grown black-hole . P
. . . thermal history, and near-
universe with spacetime-
black-hole equivalence and

k=1

Tianxi Zhang (2009-2018) light-speed expansion
without the geometric-mean
thermal closure

Rotating and

light-spee d—expin ding BHU, Originate and.develop the
rotating

Planck-Hubble-Hawking

BHU framework and its

cross-scale predictions

Seshavatharam and unit compactness, w=H ,
collaborators (2010-present) bounded redshift, and
Planck-Hubble thermal
scaling

Flat-space cosmology and Develop and extend the
Eugene Terry Tatum and  explicit inverse-geometric- thermodynamic formulation
collaborators (2015-present) mean Planck-Hubble mass- linking the Planck, Hubble,
temperature scaling Hawking, and CMB scales

. . . . Supplies an active
Einstein-Cartan spin-torsion . .
] . microscopic bounce and
. repulsion, particle . .
Poptawski (2012-present) . . baby-universe mechanism,
production, and continuing -
distinct from w=H
collapse-bounce models .
thermal locking

Finite FLRW-cloud collapse, Supports bounded collapse,
Gaztafaga (2022-2025) horizon boundary, and closure, and a black-hole
quantum-exclusion bounce origin of cosmic expansion

The decisive distinction is thermodynamic. The representative Pathria, Frolov-
Markov-Mukhanov, Zhang, Poplawski, and Gaztafiaga models formulate cosmic
geometry, horizons, growth, collapse, torsion, or bounce dynamics, but they do
not introduce the geometric-mean Planck-Hubble temperature relation used here.
From 2010 onwards, the inverse-geometric-mean Planck-Hubble concept, its ex-
plicit mass form, and its physical implications were developed and published re-
peatedly by Seshavatharam and his collaborators Lakshminarayana and Eugene
Terry Tatum ([13]-[17] [87]):

B hoc3 B h,c 3 GMPZ1
8nG M M, ~4nJR,R, 4nJR,R,’

) (75)
where R, =2GM, /c*, R, =2GM, /c*,and GM} =hc.Equation (75) is al-
gebraically identical to the Planck-Hubble-Hawking relation developed in the
next section. Haug later presented an equivalent CMB-Hawking-Planck-Hubble
expression and explored further consequences of the same scale connection [88].

The appropriate priority statement is therefore both strong and precise: the

principal historical and contemporary black-hole-universe models did not supply
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this thermal closure. It is the distinctive contribution of the Planck-Hubble branch
initiated by Seshavatharam in 2010 and developed further with Lakshminarayana,
Eugene Terry Tatum, and T. Gunavardhana Naidu. The present paper advances
that continuing programme by coupling the same relation to @ (¢)=H (r), con-
tinuous deceleration, bounded redshift, acoustic scales, galactic dynamics, and

cosmic-dawn spectroscopy.

11. Planck-Hubble Thermal Coupling

11.1. Lighthouse Models: Two Routes to the Temperature-Rate
Relation

We call the following two heuristic constructions “lighthouse models”: they serve
as guides to the thermal coupling, rather than as completed models of radiation
from a rotating beacon. The first uses an atomic-motivated density proportional-
ity; the second uses a force scale and a thermal wavelength. In both cases the aim
is to derive the temperature dependence of H from explicitly stated starting as-
sumptions. Throughout these derivations, G,c,k,,%,, and the Planck reference
M, =\/h,c/G are fixed. The additional coefficients « and b in the respec-
tive routes are also held fixed with epoch. An independently varying atomic con-

stant cannot be inserted into these steps without re-deriving the result.

11.1.1. Atomic-Density Route
In the idealized Bohr model with a fixed nucleus, the magnitude of the Cou-
lomb potential energy at the Bohr radius a, is |V(a0 )| =a’m,c’, where a
is the fine-structure constant and m, the electron mass. The total binding en-
ergy is half this potential-energy magnitude. Motivated by the dimensionless
ratio |V (ao )|/(mec2 ) =a’, postulate the cosmic density relation
'k,

=—35_ 76
15h;¢ (76)

4 2 2
u, =a,I" =a p,c”, a,
Here u, is the blackbody photon energy density and a;, the radiation con-
stant. Equation (76) is an additional atomic-to-cosmic identification, not a conse-
quence of the Bohr model. With the bounded mass and radius of Equation (61),

the mean density is

M c’/(2GH 3H?
pH — H 5 — /( ) 5 — . (77)
(4n/3)R;, (4n/3)(c/H)" 8nG
Substituting Equation (77) into the density postulate and choosing the expand-
ing branch H >0 gives

2 2772
H
a,T* el H=K,T* K, :[ (78)

G 30%c?

8nGa, jm

Thus H / T* is constant under the fixed-coefficient postulate. The density
identity used here follows from the adopted bounded mass and radius; it does not

require invoking an FLRW field equation.
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11.1.2. Force and Wien-Radius Route
Alternatively, postulate a Planck-Hubble force scale and a thermal interaction ra-

dius 7:

4
GMP;MH _c re A __b . (79)
r 8nG 2n 2nT

Here A, is the peak wavelength of the blackbody spectrum expressed per
unit wavelength, with Wien constant b=2.898x10~ m-K . The interaction ra-
dius 7 is not the Hubble radius. Neither the force normalization nor the identi-
fication of 7 is derived from a gravitational field equation here. Solving Equa-
tion (79) for »* and using M, = 03/(2GH) yields

b’ _8nG’MuM, _4nGM,, .

= 80
4’ T? c* cH (80)
Rearranging Equation (80) therefore gives
3
H=K,T, K, =—16”b?MP‘. (81)
c

This second route also gives H oc T, conditional on its fixed force and wave-

length prescriptions.

11.1.3. Common Scaling and Distinct Normalizations
Using M, =c’ / (2GH ), both Equations (78) and (81) can be written in the same

inverse-geometric-mean mass form:

o nd _ C’GMyk;
BL — H c 2.3 > (82)
CG M M, 21yc
I\V4 f 3
C - 321:2 ~25.3667, C, = N32TAC _ 54 804, (83)
45 kb

The coefficients in Equation (83) bracket 8m=25.1327, differing from it by
approximately +0.93% and —0.97%, respectively. With « =1/137.036, the stated
rounded b,and T;=2.7255K, the density and force routes give approximately
68.15 and 65.61 km-s"-Mpc™'. The adopted geometric-mean construction below
uses C =8n in Equation (82), giving approximately 66.9 km-s™-Mpc™. The two
lighthouse routes motivate the common power law but do not derive the exact
adopted coefficient. Their numerical proximity is not two independent observa-

tional confirmations, and no averaging of their normalizations is assumed.

11.2. Geometric-Mean Radius Law

Following the proposed geometric-mean construction, take M, as a fixed

Planck-scale gravitational-inertial reference and define

2GM c c
RPI = - Pl , le R_ = 2 . (84)
¢ Pl GM,,

At an arbitrary epoch, let R (t) =2GM (t)/c2 = c/H (t) . The proposed thermal
bridge is
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GM
JR(t)Ry

The denominator is the geometric mean radius /R(7)Ry, , with both R(¢)

4nk,T (1) = (85)

and R, inside the same square root. Both sides therefore have dimensions of

energy. Defining the fixed Planck-scale action

2
Ay =i (36)
C

and using R =c/H , Equation (85) becomes

Ak, T (1) = Ay HuH (). (87)

With the present Planck normalization GM =#,c, one has A, =%, and
Equation (87) has the familiar 7%, H,H form. The primary relation, however,
is Equation (85): its extrapolation uses the fixed gravitational-inertial anchor
GM, and does not require inserting an independently varying 7(r) into the
temperature law.

Substituting R(t)=2GM(t)/c2 and R, =2GM, /c* also gives the geo-
metric-mean mass form
N

B 8nGhy [M M (1)

T(1) (88)

Thus the radius, Hubble-rate, and mass expressions are three algebraically
equivalent representations of the same proposed coupling, provided the Planck
anchor is fixed.

Squaring Equation (87) and solving for H gives

H(,):LI(%T@J , (89)

sothat H oc 7> when the Planck gravitational-inertial anchor is fixed.

Using the measured mean CMB temperature 7, =2.7255K [67], Equation
(89) corresponds to a present expansion scale close to 67 km-s™'-Mpc™. Conversely,
inserting H, =669 km-s-Mpc™ produces a temperature close to the observed
CMB value. This numerical agreement is the primary motivation for Equation
(85).

This agreement is a central quantitative success of the construction: one fixed
Planck-scale normalization and the geometric mean of the Planck and Hubble ra-
dii connect the observed 7, and H, across more than sixty orders of length
scale. Its coefficient and epoch dependence now define precise targets for a first-
principles statistical-mechanical or horizon-thermodynamic derivation, includ-
ing the relation between global rotation and the nearly perfect blackbody spec-

trum.

11.3. Cosmic Scaling Implied by the Thermal Law

The quadratic scaling below may initially appear surprising. The familiar state-

DOI: 10.4236/jmp.2026.1710060

1429 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.1710060

U. V. S. Seshavatharam et al.

ment that the CMB was hotter in the past does not by itself imply that the Hubble
rate follows the square of that temperature at every epoch. The BHU extrapolation
adds precisely that postulate. Its algebra is simple, but extending it across cosmic
history is a substantive physical hypothesis rather than an observational identity.

The normalization can be eliminated without selecting between the two light-
house coefficients. For any one fixed thermal construction, write H (z) =KT (2)2
and H,=KT, , using the same K at both epochs. Division gives the explicit

normalized relation

H(z) KT(z) _[T(Z)T_ (90)

H, Ky | T,

Equation (90) follows both from the lighthouse routes and from Equation (89).
If K varied with epoch, an additional factor K (z) / K, would remain. The fur-
ther step to a redshift power law requires a temperature-redshift mapping.
If the standard temperature-redshift law is retained,
T(z):n(l+z), (91)

then substituting T(z)/T0 =1+z into Equation (90) gives, with H_=H (z) ,

H(z)=H,(1+z)’| (92)

Equation (92) extends a radiation-era-like expansion scaling into epochs in
which the standard model has different dominant components. If one also iden-
tifies 1+z=a,/a and H=dfa,then Hoca™, H=-2H",and
g=-1—H/H? =1. These additional clock and scale-factor assumptions are es-
sential to the deceleration inference. The relation is used here as a proposed z2>0
history; it is distinct from the auxiliary supernova distance prescriptions and does
not alone specify photon propagation in a rotating spacetime. Section 3.4 there-
fore states separately the spectroscopic assumptions used for its low-redshift fore-
cast. The atomic energy law in Equation (27) is a further proposal, despite sharing
the same quadratic power.

The photon radiation fraction constructed from this scaling is

4 2
o, (z) - Ve ©3
3H’(z) / (8nG)

where a, is the radiation constant. Since 7% oc (1+ 2)4 and H” oc(1+ 2)4 , the
BHU prescription makes € independent of redshift. Numerically it is of order
5x107 today. Standard cosmology instead predicts an evolving fractional con-
tribution because matter, radiation, and vacuum energy scale differently. Meas-
urementsof H(z) and T(z) atthesame epochs therefore providea direct test
of the BHU scaling.

An additional check concerns the relation between redshift and elapsed cosmic
time. Boylan-Kolchin and Weisz discuss its dependence on the assumed cosmol-
ogy and the role of stellar ages [89]. A BHU thermal history should likewise specify
its clock and time-redshift relation before comparison with age data; a distance fit

alone does not perform that check.
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11.4. Thermodynamic Interpretation

For comparison, the conventional Hawking temperature of a Schwarzschild black

hole of mass M , written with the presently measured action constant 7, , is [50]

h,c’
=— 94
P 8nGM &9
For M =M, = 03/(2GH) this becomes
kT, =Tt (95)
' 4n

Equation (85) is therefore a new geometric-mean temperature law rather than
the conventional Hawking temperature of the Hubble mass. Its characteristic scal-
ing T o JH , distinct from the direct horizon scaling T oc H , is precisely what
connects the observed CMB temperature to the present Hubble rate. A micro-
scopic derivation of this geometric mean is consequently a focused theoretical tar-
get and a route to explaining why the CMB carries information from both Planck
and Hubble scales.

11.5. Gravitational Constructions of an Atomic Action Scale

The action-scale relations collected in the longer companion drafts are included

here to expose their assumptions and numerical tests. Write 7 for a proposed

atom
effective atomic action parameter, distinct from the fixed present reference 7,
in the thermal and Planck-mass definitions. Let m,,m, denote electron and pro-
ton masses and K = ez/ (4ne,) the Coulomb coupling. The first construction
postulates equality of a proposed Hubble-radius electromagnetic energy and an
idealized Bohr binding energy:
K> mK* , mGmR,
Gm.R, 20, " 2

atom

(96)

Using R, =2GM,,/c* in Equation (96) gives the positive action scale

Al — Gmﬂ— VmeMH (97)

atom
C

Both sides have units of action. The energy equality is the physical postulate;

dimensional agreement alone does not derive it from either electromagnetism or
(1)

atom

general relativity. At the present epoch, imposing 7
M, =c’/(2GH,) into Equation (97) yields

=h, and substituting

2
y _ Gm,mc
- 2
hO

=

=70.74km-s™" -Mpc ™. (98)

The second construction assigns electron-associated and proton-associated

gravitational action scales and combines them by a prescribed geometric mean:

M, Gm M, Gm,
O e o
e 14
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(100)

atom e'"p

y
N — :2nG,/MH (memp)u.
C

Equations (99) and (100) propose a multiplicative factorization, not an additive
decomposition into measured parts of a quantum of action. The factor 2w isan

assumption. Matching this second prescription to 7%, instead gives

211:2Gc<m m )3/2
HY :+:65.18km.s*‘.Mpc*‘. (101)

0

The numerical evaluations in Equations (98) and (101) use CODATA 2022 la-

boratory constants [90]. Their ratio is fixed:

2
H_01=4n2 Me _0.92131. (102)
HY) m,

Equation (102) confirms that the two prescriptions are not identical. Their val-
ues lie on either side of the adopted thermal normalization 66.9 km-s™'-Mpc™?, but
do not constitute an uncertainty interval or two new measurements. Using the
measured 7, to calculate these values is a conditional normalization test, not an
independent prediction of both H,; and #,.

An epoch extension requires further choices. With fixed G,c,m,,m,, either
candidate satisfies 7, o \/M—H oc H? | If it is also matched to the present
atomic reference and the thermal history in Equation (92) is adopted, its normal-

ized form is

hatom (ZA) H() 1

h B H(ZA):l—i—ZA' (103)

atom,0

Here z, labels the assumed atomic epoch; equating it with a catalogue spec-
troscopic redshift requires a photon-propagation and line-identification model.
Equation (103) supplies one possible motivation for the separate atomic energy
hypothesis in Equation (27), but it is not inferred from the mass-radius identity
alone. A physical variation must be tested through dimensionless quantities, not
solely a dimensionful action parameter [60]. In particular, if K and c are also
held fixed and 7,,,, governsatomic dynamics, then «=K/(,,,c) would im-
ply a(z,)/a,=1+z,. This large consequence cannot be omitted or claimed
compatible with precision spectroscopy without testing it. Alternatively, an effec-
tive action interpretation must specify which measurable dimensionless combina-
tions change. None of these atomic extensions silently replaces the fixed %, in
the thermal, black-hole or lighthouse coefficients; reconciling the sectors within

one covariant, quantum-consistent theory remains necessary.

12. Geometric Mass Partition and Acoustic Scales
12.1. Two Proposed Partitions

The framework considers two dimensionless splits of the Hubble mass-energy.
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The symbols f, and f, are retained for comparison with observational cos-
mology, but their primary BHU meaning is mechanical rather than an FLRW den-
sity decomposition: f, denotes the mass/inertial part and f, the matter-ki-
netic part expressed in equivalent mass units. The first split is
fA=%=O.667, fm:%:0.333, futf, =1 (104)
It follows from the thin-shell rotational-inertia construction and can then be
compared directly with the independently inferred vacuum-like and matter-like
density fractions. The second follows Penrose’s rotational-energy extraction con-
cept and the Christodoulou-Ruffini irreducible-mass formulation for an extremal
Kerr black hole ([70] [91] [92]):
! =0.707, f,, =1—L:0.293. (105)

=R 7

Both independently motivated pairs lie close to the commonly inferred late-
time density fractions. Their convergence is noteworthy: the thin-shell construc-
tion gives 2/3 - 1/3, while extremal Kerr energetics gives approximately 0.707 -
0.293. In BHU these are mechanical mass-rotation partitions whose successful
correspondence with cosmological fractions supplies a concrete bridge to be de-

rived covariantly and tested across independent datasets.

12.2. Two Conceptually Different Meanings of Flatness

The word fatness is used differently in the two frameworks. In the BHU proposal
it denotes continuous closure of a mechanical mass-energy partition under light-
speed boundary rotation. Writing rotational kinetic energy in equivalent mass

units, the proposed statement is

Mo (1) Ko (t) )
M (1) +M(t)02 = froass (1) + S (£) = 1. (106)

Fanu (t) =

The boundary condition v(¢,R,,)=c, together with the compactness identity
R, =2GM , /c* , is proposed to maintain this normalized mass-plus-kinetic-en-
ergy closure continuously. Thus BHU flatness is an energetic or mechanical con-
servation statement for a rotating bounded system; it does not initially mean zero
three-dimensional spatial curvature.

In an FLRW model, by contrast, spatial flatness means

2
_ ke _O, Q,,,+Qr+Q/\+.“:1’ (107)

Qk asz -

where the equality of the density budget to unity is the Friedmann-equation con-
dition for vanishing spatial curvature. Equations (106) and (107) therefore share
a normalized sum of unity but express different physical concepts. Their close nu-
merical correspondence is physically informative: BHU proposes that the me-
chanical mass-kinetic partition is the underlying origin of values conventionally

fitted as curvature-density composition, a connection that can be tested by deriv-
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ing the effective density description from the covariant rotating system.

The present framework proposes a baryon fraction

Q,=(fuf,) (108)

For Equation (104),

2
,=[2xL) =& _ 004038, (109)
373) 81

The resulting value agrees strikingly with the CMB-inferred baryon fraction de-
spite being generated algebraically from the same 2/3 - 1/3 partition. This agree-
ment gives Equation (108) substantial cross-sector motivation. Its microphysical
development should connect the geometric partition to baryogenesis, nucleosyn-
thesis, the baryon-to-photon ratio, and the gravitational phenomena usually at-

tributed to nonbaryonic matter.

12.3. BAO Scale Estimate

A compact acoustic-scale proposal is

3 2 C C
Tano = SaSw —— = SnQy—

. (110)
H, H,

With (f,,f,)=(2/3.1/3) and H, near 67 km-s~"-Mpc™', the result is ap-
proximately 147 Mpc. A second expression offered in the earlier formulation is
13 ¢
rBAO:<QAQy) T (111)

0
which also gives a scale near 147 Mpc for Q, =2/3 and Q, =54x 107,
In standard cosmology the sound horizon is an integral of the sound speed over

the pre-recombination expansion history,

C

«.(2) ¢ (z2)=—F/—7m———
(Z)dz, 2 (2) (112)

=l 3[1+R(z)]

where R= 3pb/(4py). Equations (110) and (111) compress this dynamical cal-

culation into algebraic scaling and independently recover the observed scale near
147 Mpc. This success identifies the drag epoch, sound speed, recombination his-
tory, and acoustic phase as the next quantities to derive from the same BHU ther-
mal and geometric relations.

Table 8 summarizes the geometric assignments and the derived scales used in

this section.

Table 8. Numerical summary of the proposed geometric partition and its derived scales.
The assignments are algebraic model quantities, not independent abundance measure-

ments.
Quantity Value Interpretation
Thin-shell mass fraction
/ 2/3=0.6667 Moment-of-inertia contribution
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Continued

Thin-shell kinetic fraction
1/3=0.3333 Rotational kinetic-energy contribution

fi{in
Extremal Kerr irreducible Comparison from rotational-ener
; 1/42 =0.7071 P ) &
fraction extraction

Ext 1K tati 1
xirema herr rotationa 1—1/ V2202929 Complementary extractable fraction

fraction
Proposed baryon fraction 2
0, 4/81=0.04938 (fAfm)
Hubble radius R, 4481.2 Mpc For H,=669 km-s'-Mpc!
Exact-fraction BAO scale 147.53 Mpc (f A fZ)RH for R, =4481.2 Mpc
Retained
¢ a1.ne ) Original numerical benchmark used
peak-normalization BAO 147.28 Mpc
below
scale
Retained geometric 95.59 TCRH/(147.28 Mpc)

acoustic ratio

12.4. CMB Angular Structure

At H,; =669 km-s'Mpc', R, =c/H,=4481.2 Mpc. Direct evaluation of
(2/3)'(1/3) R, gives 147.53 Mpc. The original peak comparison instead re-
tained 147.28 Mpc as its numerical acoustic benchmark, a 0.17% difference. To
preserve that reported comparison, the retained benchmark gives

R, mx4481.2 Mpc
Tsa0 147.28 Mpc

=95.59 ~95. (113)

The approximation 95 introduces a rounding error of only 0.6%, well within
the zeroth-order accuracy of the geometric peak formula. The original peak se-

quence proposal with constant ¢ =1,

0, =(nm—1)x95, (114)

gives a root-mean-square shortfall of 4.76% across the five retained Planck TT
peak benchmarks. The numerical scan reported for the original comparison se-
lects ¢=0.80, reducing the RMS shortfall to 1.69%—a factor of 2.8 improvement

within that benchmark set. The revised formula is therefore:

10, = (nm—0.80)x95.59,| (115)

where the retained ratio 95.59 is used in place of the rounded value 95. The short-
fall is defined throughout as 100(@bs — P ) / (™, giving the percentage by
which the geometric prediction departs from the observed peak position; positive
values indicate underestimation and negative values indicate overshoot.

Table 9 gives the numerical comparison.
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Table 9. First five CMB temperature-peak benchmarks for 7, = (nn70.80)95.59 . The
reference values are internally reconstructed from the quoted rounded shortfalls, defined

as 100(2',,Cf — B ) / £"" 5 they should not be read as a direct tabulation of Planck peak

n 2

measurements [5]. This is not a calculation of the full CMB power spectrum.

Peak n 14 SHU Reference benchmark Zr:f Shortfall (%)
1 223.8 221.4 -1.1
2 524.1 540.3 +3.0
3 824.4 814.7 -1.2
4 1124.7 1127.0 +0.2
5 1425.1 1448.2 +1.6

The revised formula Equation (115) with ¢=0.80 reduces the RMS shortfall
from 4.76% to 1.69% across all five retained benchmarks. The residuals alternate
in sign (=1.1%, +3.0%, —1.2%, +0.2%, +1.6%), which is the expected signature of
a zeroth-order geometric approximation with small plasma-physics and photon-
transfer corrections acting in opposite directions at successive peaks. The largest
residual at n=2 (+3.0%) reflects the well-known upward shift of the second
acoustic peak by baryon loading, which a full BHU perturbation calculation in-
corporating baryon-photon fluid dynamics is expected to correct. Recovering all
five peak positions within +3% from one compact geometric rule with a single
optimised constant is an encouraging structural result. Equation (115) provides
the zeroth-order spectrum around which a BHU perturbation calculation can de-
rive amplitudes, widths, damping, lensing smoothing, and polarization. A com-
plete likelihood comparison will determine how the geometric sequence is refined

by plasma and photon-transfer physics.

13. Bounded Redshift and Closed-Form Kinematics
13.1. Bounded Coordinate

Define

2| z=—Zc 0<z <l (116)
1-z

c

z =

c

1+z

Although z and z, contain the same measured wavelength ratio, their nor-

malizations have very different physical transparency. For an identified spectral

feature,
Z:A’Obs_/lem :Eem_Eobs’ (117)
j’(:m ths
whereas
Zc :ﬂ’nbs_ﬂ’em :Eem_Eobs. (118)
ﬂ’obs Eem
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Conventional z therefore compares the inferred energy difference with the
residual observed energy. As E, becomes small, the denominator itself ap-
proaches zero and z grows without bound. The numerical parameter then be-
comes progressively less intuitive as a measure of how much of the original signal
remains. By contrast, z, compares the difference with the original emission
scale and directly gives the normalized energy-loss fraction on the finite interval
0<z <I1.

Define the retained spectral identity by

E A 1
R = obs _ “"em _ :1_Zc‘ (119)
E. Ay 14z

The two complementary fractions have an immediate interpretation:

EE + Z =1. (120)
retained fraction  energy-loss fraction

The position adopted in this paper is explicit: z. is the physically mean-
ingful energy-loss fraction, whereas conventional z isnot a physically suita-
ble energy-loss variable. This complementary partition is the central physical ad-
vantage of z,.The bounded quantity z. directly states the fraction of the emit-
ted energy scale that is no longer retained, while 1-z, directly states the fraction
that remains. Within the BHU interpretation, conventional z dividesthe energy
difference by the diminishing residual energy E, rather than by the original
emission scale. Its unbounded growth is driven by a denominator tending to zero
and can magnify a finite physical change into an arbitrarily large numerical value.
In this precise sense, z behaves like a mathematical balloon inflated by its
shrinking denominator, whereas z_. remains finite and physically readable. Thus
z, =0 represents no energy loss, intermediate values give the corresponding
fraction of energy lost, and z, —1 represents the limiting complete-loss state.
Conventional z remains an exact wavelength-ratio coordinate, but the present
framework rejects it as the physical measure of the fraction of emitted energy lost.

For z=1, 3, and 9, the retained fractions are respectively 1/2, 1/4, and 1/10. In
the limit z—> oo, the conventional coordinate diverges while R, -0 and
z, — 1. This is the precise mathematical form of the energy-loss interpretation: as
exposure to the cosmic process increases, the received signal retains progressively
less of its original energetic identity, and the bounded index records that loss with-
out itself becoming singular.

Within BHU, z, is therefore adopted not merely for numerical convenience
but as the natural finite state variable for cosmic spectral evolution. It can describe
the cumulative mismatch between the emission-era and reception-era energy
scales whether the microscopic origin is formulated as propagation loss, evolution
of atomic standards, or a combination of the two. The corresponding conserva-
tion and transport laws belong to the dynamical BHU development, while the
bounded normalization already provides a physically intelligible measure over the

complete interval from the present epoch, z, =0, toward the limiting early state,
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z, = 1. Acceleration or deceleration must still be obtained by relating this state

variable to distance and time, which is the purpose of the following mapping.

13.2. Proposed Recession Mapping

The BHU framework proposes

vBHU(z): sinhz, exp sinhz, | _2 (121)
c 1+sinhz, A3

A

Equivalently, the exponential coefficient is 3/2. The function satisfies vy, (0)=0
and approaches a finite value close to mc as z—>oo. Its small- z expansion is
@:Z+(L_2]22+0(23)_ (122)
c Q,
For Q, =2/3, the quadratic coefficient is —1/2. The leading term therefore re-
produces the local Hubble law when the distance is defined by D = vy, /H, -
The associated bounded BHU distances are
BHU _ VBHu (Z ) BHU _ BHU
D, (Z)—T, D; (Z)—(1+Z)DC (z), (123)
0
and the predicted distance modulus is

BHU

D
=5lo L +25+ M, 124
Hpuy (Z) glo[ Mpc J (124)

where M denotes the unavoidable absolute-magnitude/calibration nuisance
offset. Describing the curve as having no free parameters is accurate only after
H,, ©Q,,and the luminosity calibration have been fixed independently.

The high-redshift limiting distance is
DPY ~qp (125)
which is numerically close to the independently inferred comoving distance to last

scattering. This agreement gives the finite limit a clear observational significance,

and the full distance-redshift relation provides the direct test of its BHU origin.

13.3. Fixed-Fraction Recession-Speed Reconstruction

An independent procedure holds the present BHU fractions fixed rather than us-
ing the evolving Pantheon partition. With

u 3
Ef(z)z A (Z):\/(l—;z) +§+Qy (1+z)4, Q, =54x%x107, (126)

the dimensionless integrated distance is interpreted as a recession-speed ratio,

v, (2) _ D (z) :J-z dz’
c ¢/H, " E ()

Here the 2/3 term is the fixed geometric complement of the 1/3 matter-kinetic

(127)
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fraction, not an independently accelerating vacuum fluid. Equations (126) - (127)
can be compared directly with the closed expression in Equation (121). A numer-
ical reconstruction gives:

Table 10 gives the numerical comparison.

Table 10. Integrated fixed-fraction and bounded dimensionless distance proxies calculated

from Equations (127) and (121). The final column is 100(uBHU —u; )/uj . These proxies

are not measurements of individual galaxy speeds.

z Integrated proxy u, Bounded proxy uy,,; Difference (%)
0.10 0.09746 0.09565 -1.86
0.25 0.23397 0.22668 -3.11
0.50 0.43598 0.42182 -3.25
1.00 0.75668 0.74856 -1.07
1.50 0.99445 1.01086 +1.65
2.00 1.17651 1.22459 +4.09
1100 3.05340 3.14078 +2.86

This is a valuable internal consistency result because the integral and closed
form are constructed differently while using the same fixed geometric fractions.
Across the principal supernova range they agree at roughly the 1% - 6% level, and
both independently approach a speed of order mc at very high redshift. The re-
sidual intermediate-redshift differences quantify the correction that the covariant
BHU distance definition must supply, turning the comparison into a specific tar-

get rather than an unconstrained freedom.

14. Pantheon and Union3 Distance-Luminosity Tests

14.1. Reference Distance Law

For a spatially flat reference ACDM model,

Dé\CDM (Z):Hi,[oz 3 dz n i DZ\CDM :(1+Z)D9CDM'
0 \/Qm (1+2') +Q, (1+2') +Q,
(128)
Supernova observations constrain the shape of the distance modulus,
D,(2)
=5lo 22 14254 M, 129
/J(Z) glO( Mpe j (129)

where M represents the absolute-magnitude and calibration normalization.
The physical question is whether one distance function is uniquely selected once
this common normalization and the observational covariance are treated consist-
ently.

For the reported Pantheon statistics below, the selected reference uses
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Q,=0315, Q, =0.685, and H,=70 km-s'Mpc. The adopted value of
H, is degenerate with the fitted magnitude normalization in a supernova-only

shape comparison.

14.2. Pantheon: Evolving Partition Representation

The first BHU representation assigns redshift-dependent fractions

1 1

: 3 _2(l+z)
Q”’(Z)_1+2(1+z)_3+2z’ 2 (2)= (130)

342z

Here Q, (z) denotes the evolving BHU lambda fraction used in the Pantheon
representation. The functions satisfy Q, (z)+€Q, (z)=1 and approach
Q,(0)=1/3, Q, (0)=2/3. For the direct Pantheon comparison, the fractions

are inserted into

Hy(2)= HQ, () (1+2) +9Q, (=), (131)
D (z)=(1+2) j;%(z"). (132)

Table 11 reports the comparison for the 1048-object Pantheon compilation
[93]. The evolving BHU partition reproduces the aggregate residual scatter of the
fixed reference model over the actual sample distribution, despite using a physi-
cally different redshift-dependent partition.

Table 11. Reported comparison statistics for 1048 Pantheon objects. These retained values
were not independently reproduced in this revision and are not a new fit; identical stand-
ardization and calibration treatment are required.

Model Weighted RMS (mag) 7 72N
Fixed reference ACDM 0.1336 1041.0 0.993
Auxiliary evolving partition 0.1348 1060.5 1.012

Table 12 gives a reproducible selected-redshift comparison of the evolving par-
tition and the fixed reference. These model-to-model differences should not be

confused with residuals against the actual Pantheon observations.

Table 12. Selected-redshift luminosity distances calculated from the evolving-partition
Pantheon representation and the fixed reference, using H, =70 km-s~'-Mpc™. The final

column is the model-to-model difference 5log,, (DLP / DZ\CDM) .

z D™ (Mpe) D/ (Mpc) Ap (mag)
0.05 222.2 222.1 -0.001
0.10 459.8 459.6 -0.001
0.20 977.9 979.1 +0.003
0.30 1547.7 1554.4 +0.009
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Continued
0.50 2818.4 2857.8 +0.030
0.70 4230.8 4344.1 +0.057
1.00 6549.9 6871.4 +0.104
1.50 10789.0 11746.1 +0.185
2.00 15344.3 17295.1 +0.260

The weighted RMS values differ by only about 1.2x10~ mag, showing that
the evolving BHU partition reproduces the point-to-point Pantheon scatter with
remarkable fidelity. The reported Ay’ =19.5 favors the selected fixed reference
in this summarized calculation, while the BHU value »? / N =1.012 remains a
successful fit to all 1048 objects. It is important to note that the fixed ACDM ref-
erence employs two freely adjusted shape parameters (Q, and €, ), whereas
the evolving BHU partition has zero free shape parameters: its redshift depend-
ence is fixed by Equation (130) with no adjustment to the data. When the Akaike
Information Criterion (AIC) penalty of 2k per free parameter is applied, the ef-
fective AIC advantage of the fixed reference is reduced by 2x2=4 units, and
the Bayesian Information Criterion (BIC) penalty kIn N =2In1048~13.9 re-
duces the advantage further still. The Union3 result, where BHU achieves
7> =24.902 against 26.411 for the reference with the same calibration treatment,
provides the stronger and cleaner comparison. Archiving the exact data vector,
covariance treatment, nuisance fit, and executable analysis will make this result
fully reproducible and enable the evolving partition to be tested in unbinned Pan-
theon+ likelihoods. Equation (131) provides the observational representation that

the covariant BHU dynamics is expected to recover.

14.3. Union3: Closed Bounded-Redshift Law

The Union3 test uses the closed form directly. Define the dimensionless bounded-

distance function

u(z):%exp(%sinhzcj, z, :liz. (133)
The corresponding distances are
DIV (z) :Hiou(z), DEv (z)=(1+z)Hi0u(z). (134)
For the 22 Union3 bins, let
1 = s i~ Hinogel; —AM, 2 =r'Cr, (135)

-1 . . . . .
where C™ is the published inverse covariance and AM is one common float-

ing calibration offset. The analytic minimum is

lT C71 (ﬂobs ~ Hinodel ) )

AM =
1"c™1

(136)
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Table 13 gives the reported covariance-weighted comparison.

Table 13. Reported statistics for 22 Union3 bins [94]. Both rows use the same floating-
calibration treatment; the values are retained from the original comparison, were not inde-
pendently reproduced in this revision, and are not newly fitted here.

Distance law 7 dof z*/dof
Fixed reference ACDM 26.411 21 1.2577
Bounded sinh law 24.902 21 1.1858

The bounded curve has the smaller reported total y*> by 1.509. Table 14 com-
pares the two model predictions at selected redshifts. A model-to-model grid
alone does not verify which model has smaller data residuals in individual bins;

that claim requires the observed moduli and the stated residual convention.

Table 14. Selected-redshift luminosity distances calculated from the bounded-sinh law and
the fixed reference, using H, =70 km-s'-Mpc'. These are model predictions, not ob-

served Union3 distance moduli.

z DZ\CDM (Mpc) DfHU (Mpc) Ap (mag)
0.05 222.2 219.6 -0.025
0.10 459.8 450.6 -0.044
0.20 977.9 947.6 —0.068
0.30 1547.7 1490.9 -0.081
0.50 2818.4 2709.8 —-0.085
0.70 4230.8 4088.4 -0.074
1.00 6549.9 6411.8 —0.046
1.50 10789.0 10823.1 +0.007
2.00 15344.3 15733.9 +0.054

Thus, under the same covariance matrix and calibration freedom, the compact
BHU law gives the better reported Union3 bin-level fit without inserting a fitted
dark-energy equation-of-state parameter. This result is direct quantitative support
for bounded redshift as an efficient physical coordinate for the observed Hubble

diagram.

14.4. Hubble Tension as a Calibration-Offset Hypothesis

The BHU interpretation does not treat the commonly quoted values near 67 and
73 km-s™-Mpc™ as two simultaneously valid physical expansion rates. The adopted
BHU base value H,=66.9 km-s-Mpc™ is associated with the Planck-Hubble
thermal baseline, while the higher distance-ladder value is proposed to arise from

a shift in the absolute-luminosity calibration. Because a global rescaling of H,, is
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degenerate with the supernova magnitude intercept, the required offset has mag-

nitude

73.0
|AMH|:510g10 (@j:o.m mag. (137)

Equivalently, a magnitude increment AM, corresponds to
Hy(AM ;)= 66.9%x10""%" km-s™'-Mpc ™. (138)

Table 15 tabulates this mapping. Since the increment is a global calibration shift,

the inferred H,, conversion is independent of the selected redshift.

Table 15. Calibration-offset mapping for the base scale H, =66.9 km-s'-Mpc™, calcu-

lated from H"™ =66.9x10*"#/°, This is a calibration hypothesis, not a direct time vari-

ation of H,.
AM,, (mag) H™  (km-s™-Mpc™)
0.000 66.90
0.050 68.46
0.100 70.05
0.150 71.68
0.189 72.98
0.200 73.35
0.250 75.06

Thus, within this proposal, the Hubble tension is primarily a calibration and
stellar-population problem rather than evidence that the universe possesses dif-
ferent expansion constants at early and late epochs. The algebraic equivalence in
Equation (137) is exact for a global distance-scale shift; the physical claim that real
surveys share an offset of this origin remains testable. It requires a common rea-
nalysis of Cepheid, tip-of-the-red-giant-branch, surface-brightness-fluctuation,
and Type Ia supernova calibrations, including host age and population evolution,

before it can be regarded as a demonstrated resolution.

14.5. What the Supernova Comparisons Establish

Pantheon and Union3 are historical light-cone datasets: they relate received flux
and spectroscopic redshift for many different explosions. Their great precision
constrains admissible distance curves, but a distance curve is not identical to a
unique physical cause. The two BHU representations above lead to three conclu-
sions:

1) Type Ia supernova measurements remain valid and highly informative even
when their interpretation is disputed.

2) The revised Q, (z)=1/(3+2z) partition successfully fits the Pantheon
Hubble diagram, while the bounded law gives the lower reported y° in the co-

DOI: 10.4236/jmp.2026.1710060

1443 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.1710060

U. V. S. Seshavatharam et al.

variance-weighted Union3 bin comparison. Together they provide two independ-
ent supernova supports for the BHU construction; complete likelihoods with
matched nuisance parameters will sharpen their statistical weight.

3) A claim about real-time acceleration should ultimately be supplemented by
repeated observation of the same sources. This motivates the G, -G, testand its

sensitivity assessment in Sections 3 and 3.4.

15. Comparison with Standard Cosmology

The BHU and ACDM frameworks differ most sharply in their interpretation of
the same observables. Table 16 highlights how BHU replaces separate dark-sector
components with one connected bounded, rotating, and thermally evolving con-

struction.

Table 16. Conceptual comparison of ACDM and the present BHU framework.

Topic Standard treatment BHU proposal

. . . A replacement bounded spacetime
FLRW metric with an irrotational .
. with unit Hubble compactness and
Geometry cosmic congruence, usually

’ foundational global rotation; not
spatially flat

FLRW with an added rotation term

Continuous
Q, =0: density composition gives ~ mass-plus-rotational-kinetic

Flatness
vanishing spatial curvature closure, f, . + fi, =1, under the
light-speed boundary condition
Friedmann equations with Thermal scaling H < 7> plusa
Expansion radiation, matter, and vacuum closed-form bounded-redshift
components mapping

Late-time component with

. . Geometric/inertial fraction near
Dark energy ~ negative pressure or an effective

. . . 2/3; no independent vacuum fluid
modification of gravity

Intended emergence from global

Nonbaryonic clustering rotational or gravitational scaling;
Dark matter ) ]
component detailed structure formation
pending
BAO Sound-horizon integral through  Algebraic fraction of the Hubble

the baryon-photon plasma radius

. . Compact geometric peak-location
Einstein-Boltzmann evolution, . .
CMB peaks . . . rule forming the basis for
recombination, projection, lensing . .

amplitudes and polarization

Luminosity-distance integral plus Evolving-partition Pantheon curve

Supernovae calibrated standardization and ~ and closed Union3 D, (z) law
covarjances with the same calibration nuisance
Primarily inferred from historical Direct G, - G,
Live acceleration distance, BAO, CMB, and growth distance-ordered
observations repeat-spectroscopy criterion
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Continued

.. Joint fit to many independent ~ Economy, competitive supernova
Decisive strength . .
observables shapes, and a simple live test

Next decisive  Identify dark-sector microphysics Covariant rotating dynamics and
development and resolve parameter tensions one full joint likelihood

BHU is especially well suited to a demanding joint test because the same small
set of quantities— H,, T, the geometric fractions, and the bounded coordi-
nate—is carried across multiple observables rather than refitted independently in
every sector. The Pantheon and Union3 results already demonstrate this cross-
dataset economy. The next statistical standard is therefore one common parame-
ter set tested simultaneously against CMB anisotropies, BAO, supernovae, cosmic
ages, structure growth, and live redshift monitoring; success under that test would
provide unusually strong evidence for the unified construction.

At the same time, the framework makes unusually sharp assumptions. Equation
(92), the bounded distance law, the finite distance limit, the density partition, and
the G, - G, ordering are all falsifiable. That is a useful feature: the theory can

be improved or rejected without relying on philosophical preference.

16. Positive Curvature and Geometric Closure

The preceding technical sections specify the BHU construction. Here we discuss
its relation to positive-curvature indications in some CMB analyses. The distinct
questions concerning acceleration and its possible future evolution were intro-
duced in Part II; geometric closure and the sign of acceleration must be tested

separately.

16.1. Positive-Curvature Indications and Geometric Closure

Di Valentino, Melchiorri, and Silk analysed the Planck 2018 CMB spectra in an
extended FLRW parameter space and reported a preference for a closed universe,
with Q, =-0.044"00'% and a departure from flatness at approximately 3.4c
[95]. Handley subsequently used Bayesian model comparison to identify a related
“curvature tension” and evidence for closure in the Planck data [96]. These results
are important because positive spatial curvature, writtenas Q, <0 in the stand-
ard convention, is fully compatible with large-scale isotropy: a three-sphere can
be intrinsically curved while looking locally isotropic in every direction.

The published curvature indication is dataset- and model-dependent, and com-
bining Planck with BAO changes the inferred value while exposing disagreement
between the Planck-only closed solution and late-time distance measurements ([5]
[96]). Precisely because the standard datasets do not give one internally uniform
flatness inference, this curvature tension supplies meaningful motivation for the
BHU distinction between FLRW spatial curvature and geometric closure. Its con-

dition
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_2GM,,

2
C

R, (139)

defines a finite compact Hubble-scale geometry before any FLRW curvature pa-
rameter is assigned. The Planck closure preference therefore supports direct cal-
culation of the distinctive CMB signature of bounded BHU geometry and pro-
vides an independent observational direction consistent with cosmic closure.
This distinction strengthens the observational programme. If BHU closure and
ordinary positive-curvature FLRW cosmology predict different peak phases, lensing
amplitudes, polarization correlations, or preferred-axis structures, the CMB can
distinguish them. The shear-free condition o, =0 allows coherent expansion
and rotation without differential shape distortion, whereas the nonzero global
vorticity still supplies a testable axis. Thus near-isotropy and finite closure need

not be treated as mutually exclusive properties.

16.2. Directional Anisotropies: Galaxy Handedness, Quasar Axes,
and Cosmic-Axis Tests

Directional observations provide a complementary test of the rotating BHU inter-
pretation. Galaxy handedness, quasar polarization and spin-axis orientations, and
preferred directions in the CMB probe different aspects of angular structure. Their
value is that they can test a proposed cosmic axis independently of a supernova
distance fit. The observational question is whether the reported patterns survive
selection and foreground controls and admit one consistent geometrical interpre-
tation, rather than whether each individual object rotates.

A working hypothesis that guides observation. The methodological proposal
is to admit a cosmic rotation axis as a physical possibility and allow theory and
observation to develop together. A specified rotating model can guide the choice
of sky regions, redshift ranges and orientation statistics; observations can then re-
fine or reject its predictions. Homogeneity and isotropy should remain testable
large-scale assumptions, not unquestionable truths that exclude a preferred direc-
tion before it is investigated. Treating them as non-negotiable restrictions would
risk overlooking the very angular correlations that an axis-directed programme
seeks to measure. This is an argument for broadening observational tests, not for
assuming rotation to be established or claiming that isotropy tests are absent: the
studies discussed below already pursue such questions. The proposed axis should
be given a fair opportunity to succeed or fail against an isotropic reference, with
the same control of uncertainties and selection effects applied to both.

Galaxy handedness and environmental alignment. Shamir reports an excess
of one apparent winding sense among 263 classifiable spiral galaxies in the JADES
GOODS-S field [75]. This is a concrete directional observation relevant to the
BHU programme, but a small-field count asymmetry does not by itself locate an
all-sky rotation axis. The literature also contains different results: Land et a/ found
no significant handedness dipole in approximately 37,000 Galaxy Zoo spirals after

correcting classification bias [97]. The samples differ in depth, sky coverage and
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classification method; these results should be compared through matched selec-
tion and mirrored-image tests, not treated as interchangeable. The rotating fila-
ment reported by Tudorache et al supplies another example of coherent angular
momentum and aligned galaxy spins [76]. Such environmental alignment is rele-
vant evidence to investigate, while remaining distinct from global cosmic vorticity.

Quasar polarization and spin axes. Hutsemékers et a/ measured optical polar-
ization for 93 quasars in large quasar groups at z ~1.3, of which 19 were signifi-
cantly polarized. They found preferentially parallel or perpendicular polarization
relative to the host large-scale structures, with a chance probability of order 1% in
their tests. Combining polarization with emission-line widths led them to infer
preferentially aligned quasar spin axes [98]. Pelgrims and Hutsemékers subse-
quently reported a related radio-polarization alignment, with the inferred relation
depending on group richness [99]. These observations motivate a search for long-
range orientation correlations. Polarization is an axis proxy, however: its conver-
sion to a three-dimensional spin axis depends on inclination and the polarization
geometry, including a possible parallel/perpendicular ambiguity. It is not a direct
measurement of the Universe’s angular velocity.

CMB preferred directions and quasar number-count dipoles. Planck’s dedi-
cated isotropy analysis discusses large-angle temperature anomalies, including
low-multipole alignment and hemispherical power asymmetry, alongside broad
agreement with the Gaussian reference model. It did not claim unambiguous po-
larization counterparts to the temperature anomalies [100]. These candidate di-
rections should not automatically be identified with the CMB dipole, whose usual
interpretation is observer motion. A separate test uses source counts: Secrest et al.
reported a dipole in 1.36 million CatWISE quasars with an amplitude exceeding
the purely kinematic expectation and a direction approximately toward the CMB
dipole [101]. A subsequent reassessment by Bashir ef al retained an excess but
reduced its significance after including clustering and survey geometry [102]. A
number-count dipole is not a quasar spin-axis measurement; its amplitude and
direction have their own selection, calibration and clustering uncertainties.

A joint-axis test for BHU. The physical opportunity is to ask whether one pro-
posed cosmic axis can account for the sky and redshift dependence of galaxy hand-
edness, quasar-axis correlations and CMB directional statistics. This requires one
coordinate convention and a specified projection model: a polarization position
angle is defined modulo 180°, whereas clockwise versus anticlockwise handedness
carries a sign. Survey masks, image-classification bias, Galactic polarization, red-
shift selection and the number of axes or cuts searched must enter the null simu-
lations. An axis inferred from one sample should predict a pattern in independent
data before those data are used to select the axis. Agreement in direction, ampli-
tude and redshift dependence would support a common physical origin; incon-
sistent patterns would constrain the assumed BHU axis model. The identification
®=H alone does not specify these observable patterns: they must follow from

the rotating geometry, source dynamics and photon propagation. The cited ob-
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servations therefore motivate an explicit cosmic-axis test, but do not yet establish

that all reported preferred directions are one universal rotation axis.

16.3. Motivation for Alternative Frameworks and Independent
Testing

Unresolved questions and debated points in ACDM, the prospect of new obser-
vations, and the broader programme of unifying gravity with quantum physics
motivate us to explore an alternative framework. The dataset-dependent indica-
tions of positive spatial curvature discussed above, reported directional aniso-
tropies, and the possibility of a common cosmic axis provide observational ques-
tions around which bounded, rotating models such as BHU can be developed and
tested. These observations motivate investigation; they do not by themselves es-
tablish a closed, globally rotating universe.

Our position relative to the proposed global rotation axis has not been estab-

', the instantane-

lished. If the present universe rotates with @, =2x10"*rad s~
ous rotation timescale 2m/w, is approximately 10'! years; this is not a claim that
the angular rate remains constant over cosmic history. Following an appreciable
fraction of such a rotation is therefore impractical on a human timescale. For scale,
w,At over one year is approximately 6.3x10™"" radians, or 13 microarcseconds.
This conversion is not itself a prediction of an observed source’s proper motion:
the observable angular pattern must be calculated from the spacetime, the source
and observer motions, and the reference frame. Direct assessment is consequently
demanding and model-dependent, rather than demonstrably impossible from the
small angular rate alone. An important complementary route is to search for a
common axis and establish reproducible directional anisotropies, as discussed in
Section 16.2. Agreement among independent datasets with the direction, ampli-
tude, and redshift dependence predicted by a specified rotating model would sup-
port the rotation interpretation. Anisotropy or an apparent preferred axis alone
would not uniquely confirm rotation; competing explanations and systematic ef-
fects must also be tested.

In the BHU framework, we propose a rotational interpretation of Hubble’s law.
Identifying its linear velocity-distance relation, v = Hr, with the rotational rela-
tion v=wr vyields w=H within this interpretation. Thus, the angular rate is
not introduced as an independently adjustable parameter. The physical validity of
this interpretation must be examined through the predicted thermal relations, di-
rectional anisotropies, and cosmic-axis tests.

The proposed temperature-angular-velocity connection provides a comple-
mentary theoretical direction. With this rotational interpretation, the thermal
relation f / T? =constant becomes a)/ T? =constant under the assumptions
stated in Section 11. The thin-shell construction in Equation (69) also gives the
geometric moment-of-inertia coefficient 2/3 and the rotational-energy coefficient
1/3. Their use in a cosmological mass-energy partition requires the separate phys-

ical interpretation described in Section 12.1. Taken together, these observational
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motivations and explicit theoretical relations suggest a possible route for develop-
ing models of this kind, with their viability determined by consistent dynamics
and joint observational tests.

We present our assumptions and predictions openly so that other researchers
can examine, test, and improve the proposed approach. We invite independent

scrutiny, observational testing, and further theoretical development.

17. The Two Different Red Shifts Associated with Lambda
Model and BHU Model

In the energy-based discussion of this section, we adopt the bounded variable in-
troduced in Section 13 as the primary variable. Here energy-loss redshift denotes
the fraction of emitted photon energy lost, z,, while z denotes the conven-
tional wavelength-redshift parameter. The complementary retained-energy frac-
tionis 1-z, . This terminology makes the energy accounting explicit and prevents
the unequal quantities z and z, from being interchanged. It preserves an ex-
act connection to conventional spectral measurements and does not by itself in-
troduce a new propagation law. The authors advocate constructing the energy-
based part of the BHU programme directly in terms of z_: relations intended to
describe emitted-energy loss, its rate of change, or its accumulated change must
use that fraction or an exactly equivalent expression. This requirement concerns
the independent appearances of the variable in derivatives and integrals, not only
factors such as (1+z). The proposed priority of z, in further cosmological
modelling is distinguished from a demonstrated failure of a particular conven-

tional relation.

17.1. Photon-Energy Loss and the Wavelength Denominator

First consider a photon with positive emitted and observed energies, £, and
E

obs

, using the same Planck constant /% and vacuum light speed ¢ at both

endpoints. Define

E
gz =—em_Tobs 1] = Tobs (140)

For redshifting photons, 0< £, <E, and 0<z <l.Substituting E =hc/1

gives
z, = hc/ﬂ’cm _hc/ﬂ“obs — //i“obs _ﬂ’cm , ﬂ‘obs — ﬂ“cm . (141)
he/ A, Aobs -z

Thus the observed wavelength, not the emitted wavelength, belongs in the de-
nominator when the wavelength expression is intended to represent the fraction
of emitted photon energy lost. The conventional quantity z=(Ay, — A )/Zem
has a different normalization: it is not the emitted-energy-loss fraction. For exam-
ple, a decrease from 2 eV to 1 eV gives z, =1/2 and z=1, describing one pho-
ton-energy change rather than two competing observations.

Here A, is the actual emission wavelength. Identifying it with the present

em
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laboratory wavelength requires unchanged source transition standards. Likewise,
the energy interpretation above assumes fixed /4 and c; it is not automatically
applicable to the separate epoch-dependent atomic-action proposal in Section
11.5. With fixed ¢ but different endpoint values of /, the energy ratio instead
contains the factor (4, /%, )(Aen /Aons ) - Equations (117) - (119) are therefore to
be read with these same endpoint assumptions when their wavelength ratios are

interpreted as photon-energy fractions.

17.2. Exact Conversion and Application to Cosmic Expansion

The complete conversion, rather than a direct replacement of each occurrence of

z by z.,is

S S S (142)
1+z -z, 1+z

c

Equivalently, (1+z)=1/(1-z,) maybe retained in its original form or written
in the bounded variable without changing its value. For the standard FLRW prop-
agation of light between comoving emitters and observers, with fixed constants,

the expansion relation gives 1+z=a,, /a,, ([3][4]). Consequently,

E

obs _(l a

—t=l-z, z =1-—"2, (143)
E Aoy a

em

obs

In this application, z, expresses the fractional energy decrease associated with
cosmic expansion. The familiar factor 1/ (1 + Z) already equals the retained frac-
tion 1-z,.These two expressions may replace one another wherever defined, be-
cause their equality is exact. By contrast, using z itself as the emitted-energy-
loss fraction would be incorrect. The reciprocal factor converts to the retained
fraction; it does not compensate for an erroneous physical redshift. As £, — 0
at fixed E

em

z, —>1 and z—oo; this divergence of a ratio alone does not es-

tablish a physical singularity.

17.3. Low-Redshift Approximation and High-Redshift Distinction

The approximation z, =z is restricted to small redshift. Expanding about
z=0 gives
2
) 3 z z—z
z,=z-z +0(z°), z—z.= , C=z (z>0). (144)
( ) I+z =z ( )

Thus, if z is used to approximate the emitted-energy-loss fraction, the rela-
tive overestimate is z . This particular approximation rapidly becomes unsuitable
as redshift increases; the exact conversion in Equation (142) has no such low-red-
shift restriction.

For example, z=9 correspondsto z,=0.9 and 1-z = 1/(1 +2)=0.1. The
photon then retains one tenth of its emitted energy and has ten times its emitted
wavelength under the stated fixed-constant assumptions. Its energy loss is 90%,

not 900%. The value z=9 remains the wavelength increase divided by the emit-
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ted wavelength; it must not be assigned the meaning of an emitted-energy-loss
fraction. Consequently, the working rule at both low and high redshift is: do not
interchange z and z, directly;, do interchange l/ (l+z) and 1-z, when

z, = Z/ (1+2).
17.4. Derivatives: Energy-Loss Rates and Spectral Drift
Let a dot in this subsection denote differentiation with respect to the same speci-
fied time ¢ . The chain rule gives
z z

;= , Z= S . 145
D (149)

Thus the numerical rates are not interchangeable: at z=9 and z,=0.9,

2=100z, . For a fixed emitted reference energy, the actual energy-decrease rate is

dE, E
s _p o= Tem ;. (146)
di (1+2)

Using E_ z as this rate would therefore be an error; using the last expression

in Equation (146) would not. If the emitted reference energy varies, differentiating

E,.=E., (1-z) alsoproducestheterm (1-z)E,, in E,, which mustnot
be omitted.

For a fixed emission or laboratory reference wavelength and observer time, the

corresponding fractional line-shift rate is

A

LTS . (147)
Aps 14z 1=z,

This rewrites the small-shift observable in Equation (12) without changing the
predicted wavelength displacement. Each source’s drift sign is preserved by Equa-
tion (145), but the ordering of drift magnitudes between sources need not be, be-
cause the conversion factors depend on their individual redshifts. A G, - G, pre-
diction stated in Z. must therefore be derived or transformed explicitly; it can-
not simply inherit an ordering written in =z .

Table 17 illustrates Equation (145) at representative redshifts. The derivative
columns give the dimensionless conversion factors dz, /dz =(1+ z)f2 and
dz/dz, :(1+z)2 , not absolute time derivatives: z, =(dz,/dz)z for the same
time coordinate. The final columns show the distinct raw integrals
I, EJ.O sds=z%/2 and I, EJ‘OCudu =z2/2.

Table 17. Representative redshifts, derivative conversion factors, and raw definite integrals.
All entries are dimensionless; nonterminating decimals are rounded.

dz
z Zc g v ]z Ic
dz dz,
0 0 1 1 0 0
0.1 0.090909 0.826446 1.21 0.005 0.004132
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Continued
0.5 0.333333 0.444444 2.25 0.125 0.055556
1 0.5 0.25 4 0.5 0.125
3 0.75 0.0625 16 4.5 0.28125
9 0.9 0.01 100 40.5 0.405
99 0.99 0.0001 10000 4900.5 0.49005

Table 17 shows that, at the nonzero redshifts listed, z and z, have different
derivative conversion factors and different raw integral values; they cannot be
used interchangeably without accounting for their defining relation. The refer-
ence ACDM formulation used here is expressed in terms of the conventional red-
shift z, whereas the energy-based BHU programme adopts z, as its primary
variable. These numerical differences alone do not establish different predictions
for the same physical observable. Further study can scrutinize both frameworks
systematically by deriving their respective distance, energy-evolution, and red-
shift-drift predictions and comparing them with common observational data,

with consistent variable conversions and uncertainties included.
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ties discussed in this paper were taken from the cited publications.
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repository is claimed here.
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citation order, cross-references and table presence, not the full observational fits.

Role of Artificial Intelligence Assistance

Generative Al tools, including Claude (Anthropic) and ChatGPT/Codex (OpenAl),

DOI: 10.4236/jmp.2026.1710060

1452 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.1710060
https://github.com/dscolnic/Pantheon
https://github.com/rubind/union3_release
https://pla.esac.esa.int/

U. V. S. Seshavatharam et al.

assisted with the preparation of the manuscript in the following capacities:

* Language editing: grammar, spelling, and clarity of presentation.

* Typesetting and organization: LaTeX formatting and document structure.

* Literature and citation assistance: literature and citation checking, and bibli-
ographic presentation.

* Computational assistance: computational cross-checking. This does not con-
stitute independent reproduction of the retained full-sample supernova fits, as
explained in the code availability statement.

The authors reviewed and verified the resulting text, references, equations, cal-
culations, and interpretations. Al tools are not authors and cannot assume respon-
sibility for the work; responsibility for the accuracy, originality, and integrity of

the article remains entirely with the human authors.

Consent for Publication

All authors have read and approved the article and consent to its publication.

Acknowledgements

U. V. S. Seshavatharam acknowledges Padma Shri Prof. M. Nagaphani Sarma,
Chairman, and Shri K. V. Krishna Murthy, Founder Chairman, Institute of Sci-
entific Research in Vedas (I-SERVE), Hyderabad, India, together with Shri K. V.
R. S. Murthy, former Scientist at IICT (CSIR), Government of India, and Director
of Research and Development, I-SERVE, for their guidance, encouragement, and

long-standing support.

Author Contributions

Contributions are stated using CRediT terminology.

U. V. S. Seshavatharam: conceptualization, methodology, formal analysis, in-
vestigation, and writing—original draft.

S. Lakshminarayana: validation, nuclear- and atomic-physics interpretation,
and writing—review and editing.

T. Gunavardhana Naidu: validation, nuclear- and atomic-physics interpreta-
tion, and writing—review and editing.

All authors reviewed the calculations and approved the submitted article. The
corresponding author accepts responsibility for communication with the journal
and for ensuring that questions concerning the accuracy or integrity of the work

are appropriately addressed.

Conflicts of Interest

The authors declare no financial or non-financial competing interests.

References

[1] Riess, A.G., Filippenko, A.V., Challis, P., Clocchiatti, A., Diercks, A., Garnavich, P.M.,

DOI: 10.4236/jmp.2026.1710060

1453 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.1710060

U. V. S. Seshavatharam et al.

(7]

(8]

[10]

(11]

(12]

(13]

(14]

(15]

[16]

(17]

(18]

et al. (1998) Observational Evidence from Supernovae for an Accelerating Universe
and a Cosmological Constant. The Astronomical Journal, 116, 1009-1038.
https://doi.org/10.1086/300499

Perlmutter, S., Aldering, G., Goldhaber, G., Knop, R.A., Nugent, P., Castro, P.G., et
al. (1999) Measurements of w and A from 42 High-Redshift Supernovae. The Astro-
physical Journal, 517, 565-586. https://doi.org/10.1086/307221

Weinberg, S. (2008) Cosmology. Oxford University Press.
Peebles, P.J.E. (1993) Principles of Physical Cosmology. Princeton University Press.

Planck Collaboration (2020) Planck 2018 Results VI: Cosmological Parameters. As-
tronomy & Astrophysics, 641, A6.

Verde, L., Treu, T. and Riess, A.G. (2019) Tensions between the Early and Late Uni-
verse. Nature Astronomy, 3, 891-895. https://doi.org/10.1038/s41550-019-0902-0

Riess, A.G., et al. (2022) A Comprehensive Measurement of the Local Value of the
Hubble Constant. Astrophysical Journal Letters, 934, L7.

Nielsen, J.T., Guffanti, A. and Sarkar, S. (2016) Marginal Evidence for Cosmic Accel-
eration from Type Ia Supernovae. Scientific Reports, 6, Article No. 35596.
https://doi.org/10.1038/srep35596

Son, ], Lee, Y., Chung, C., Park, S. and Cho, H. (2025) Strong Progenitor Age Bias in
Supernova Cosmology—II. Alignment with DESI BAO and Signs of a Non-Acceler-
ating Universe. Monthly Notices of the Royal Astronomical Society, 544, 975-987.
https://doi.org/10.1093/mnras/staf1685

Sah, A., Rameez, M. and Sarkar, S. (2026) Pantheon + Supernovae Corrected for Pro-
genitor Age Indicate the Universe Is Decelerating. Monthly Notices of the Royal As-
tronomical Society, 549, 1-6. https://doi.org/10.1093/mnras/stag844

Wiseman, P., Popovic, B., Sullivan, M., Riess, A.G., Scolnic, D., Chen, R.C., et al
(2026) Still Accelerating: Type Ia Supernova Cosmology Is Robust to Host Galaxy
Age Evolution. Monthly Notices of the Royal Astronomical Society, 549, 1-11.
https://doi.org/10.1093/mnras/stag797

Andrei, C,, Ijjas, A. and Steinhardt, P.J. (2022) Rapidly Descending Dark Energy and
the End of Cosmic Expansion. Proceedings of the National Academy of Sciences of
the United States of America, 119, €2200539119.
https://doi.org/10.1073/pnas.2200539119

Seshavatharam, U.V.S. (2010) Physics of Rotating and Expanding Black Hole Uni-
verse. Progress in Physics, 2, 7-14.

Seshavatharam, U.V.S. and Lakshminarayana, S. (2013) Is Planck’s Constant: A Cos-
mological Variable? International Journal of Astronomy, 2, 11-15.

Satya Seshavatharam, U.V. and Lakshminarayana, S. (2014) On the Evolving and
Emitting Quantum Black Holes and the Scale Independent Black Hole Cosmology.

International Journal of Advanced Astronomy, 2, 34-42.
https://doi.org/10.14419/ijaa.v2i2.3585

Seshavatharam, U.V.S. and Lakshminarayana, S. (2020) Light Speed Expansion and
Rotation of a Primordial Black Hole Universe. International Astronomy and Astro-
physics Research Journal, 2, 9-27.

Seshavatharam, U.V.S. and Lakshminarayana, S. (2023) A Rotating Model of a Light
Speed Expanding Hubble-Hawking Universe. Physical Sciences Forum, 7, Article 73.
https://doi.org/10.3390/ecu2023-14065

Luu, H.N., Qiu, Y. and Tye, S.H.H. (2025) The Lifespan of Our Universe. Journal of

DOI: 10.4236/jmp.2026.1710060

1454 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.1710060
https://doi.org/10.1086/300499
https://doi.org/10.1086/307221
https://doi.org/10.1038/s41550-019-0902-0
https://doi.org/10.1038/srep35596
https://doi.org/10.1093/mnras/staf1685
https://doi.org/10.1093/mnras/stag844
https://doi.org/10.1093/mnras/stag797
https://doi.org/10.1073/pnas.2200539119
https://doi.org/10.14419/ijaa.v2i2.3585
https://doi.org/10.3390/ecu2023-14065

U. V. S. Seshavatharam et al.

[19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

Cosmology and Astroparticle Physics, 2025, Article 55.
https://doi.org/10.1088/1475-7516/2025/09/055

Adame, A.G., Aguilar, J., Ahlen, S., Alam, S., Alexander, D.M., Alvarez, M., et al.
(2025) DESI 2024 VI: Cosmological Constraints from the Measurements of Baryon
Acoustic Oscillations. Journal of Cosmology and Astroparticle Physics, 2025, Article
21. https://doi.org/10.1088/1475-7516/2025/02/021

Abdul Karim, M., et al (20225) DESI DR2 Results II: Measurements of Baryon
Acoustic Oscillations and Cosmological Constraints. Physical Review D, 112, Article
ID: 083515.

Darling, J. (2012) Toward a Direct Measurement of the Cosmic Acceleration. 7The
Astrophysical Journal, 761, L26. https://doi.org/10.1088/2041-8205/761/2/126

Trost, A., Marques, C.M.]., Cristiani, S., Cupani, G., Di Stefano, S., D’Odorico, V., et
al. (2025) The ESPRESSO Redshift Drift Experiment. Astronomy & Astrophysics,
699, A159. https://doi.org/10.1051/0004-6361/202554502

Trost, A., et al (2026) The ESPRESSO Redshift Drift Experiment III: The Third
Epoch of QSO J052915.80-435152.0. arXiv: 2603.02318.

Loeb, A. (1998) Direct Measurement of Cosmological Parameters from the Cosmic
Deceleration of Extragalactic Objects. The Astrophysical Journal, 499, L111-L114.
https://doi.org/10.1086/311375

Liske, J., Grazian, A., Vanzella, E., Dessauges, M., Viel, M., Pasquini, L., et al (2008)
Cosmic Dynamics in the Era of Extremely Large Telescopes. Monthly Notices of the
Royal Astronomical Society, 386, 1192-1218.
https://doi.org/10.1111/.1365-2966.2008.13090.x

Alfano, A.C. and Luongo, O. (2026) Mapping the Redshift Drift at Various Redshifts
through Cosmography. arXiv: 2604.03167.

Béchaz, P., Fanizza, G., Marozzi, G. and Medeiros Silva, M.R. (2026) Nonlinear Rel-
ativistic Effects on Cosmological Redshift Drift. Journal of Cosmology and Astropar-
ticle Physics, 2026, Article 70. https://doi.org/10.1088/1475-7516/2026/07/070

Seshavatharam, U.V.S. and Lakshminarayana, S. (2021) On the Role of Cosmic Mass
in Understanding the Relationships among Galactic Dark Matter, Visible Matter and
Flat Rotation Speeds. NRIAG Journal of Astronomy and Geophysics, 10, 466-481.
https://doi.org/10.1080/20909977.2021.1992136

Aalbers, J., Akerib, D.S., Musalhi, A.K.A., Alder, F., Amarasinghe, C.S., Ames, A., et
al. (2025) Dark Matter Search Results from 4.2 Tonne—Years of Exposure of the
LUX-ZEPLIN (LZ) Experiment. Physical Review Letters, 135, Article ID: 011802.
https://doi.org/10.1103/4dyc-z8zf

Aprile, E., Aalbers, J., Abe, K., Ahmed Maouloud, S., Althueser, L., Andrieu, B., et al
(2025) WIMP Dark Matter Search Using a 3.1 Tonne-Year Exposure of the Xenonnt
Experiment. Physical Review Letters, 135, Article ID: 221003.
https://doi.org/10.1103/msw4-t342

Clowe, D., Brada¢, M., Gonzalez, A.H., Markevitch, M., Randall, S.W., Jones, C., et

al. (2006) A Direct Empirical Proof of the Existence of Dark Matter. 7he Astrophys-
ical Journal, 648, 1.109-L113. https://doi.org/10.1086/508162

McGaugh, S.S. (2012) The Baryonic Tully-Fisher Relation of Gas-Rich Galaxies as a
Test of ACDM and Mond. The Astronomical Journal, 143, Article 40.
https://doi.org/10.1088/0004-6256/143/2/40

Lelli, F., McGaugh, S.S. and Schombert, ].M. (2016) Sparc: Mass Models for 175 Disk
Galaxies with Spitzer Photometry and Accurate Rotation Curves. The Astronomical

DOI: 10.4236/jmp.2026.1710060

1455 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.1710060
https://doi.org/10.1088/1475-7516/2025/09/055
https://doi.org/10.1088/1475-7516/2025/02/021
https://doi.org/10.1088/2041-8205/761/2/l26
https://doi.org/10.1051/0004-6361/202554502
https://doi.org/10.1086/311375
https://doi.org/10.1111/j.1365-2966.2008.13090.x
https://doi.org/10.1088/1475-7516/2026/07/070
https://doi.org/10.1080/20909977.2021.1992136
https://doi.org/10.1103/4dyc-z8zf
https://doi.org/10.1103/msw4-t342
https://doi.org/10.1086/508162
https://doi.org/10.1088/0004-6256/143/2/40

U. V. S. Seshavatharam et al.

(34]

(35]

(36]

(37]

(38]

(391

[40]

(41]

[42]

(43]

[44]

[45]

[46]

(47]

(48]

(49]

Journal, 152, Article 157. https://doi.org/10.3847/0004-6256/152/6/157

Naidu, R.P., Matthee, J., Katz, H., de Graaff, A., Oesch, P.A., Smith, A., et al (2026)
A Gas-Enshrouded and Gas-Reddened Black Hole at Cosmic Dawn. Nature, 656,
329-333. https://doi.org/10.1038/s41586-026-10846-4

Chandra X-Ray Center (2026) Chandra Proposers’ Observatory Guide, Chapters 6
(ACIS) and 9 (LETG), Online Instrument and Calibration Documentation.

https://cxc.harvard.edu/proposer/POG/html/chap6.html

Wilms, J., Allen, A. and McCray, R. (2000) On the Absorption of X-Rays in the In-
terstellar Medium. The Astrophysical Journal, 542, 914-924.
https://doi.org/10.1086/317016

Chandra X-Ray Center (2026) Fitting PHA Data, CIAO/Sherpa Spectral-Analysis
Documentation. https://cxc.cfa.harvard.edu/sherpa/threads/spectra/

Kramida, A., Ralchenko, Y., Reader, J. and NIST ASD Team (2024) NIST Atomic
Spectra Database. National Institute of Standards and Technology.

Schouws, S., Bouwens, R.J., Ormerod, K., Smit, R., Algera, H., Sommovigo, L., et al.
(2025) Detection of [O III]ss;min JADES-GS-z14-0 at z=14.1793 . The Astrophysi-
cal Journal, 988, Article 19. https://doi.org/10.3847/1538-4357/adbflb

Fixsen, D.J., Cheng, E.S., Gales, ].M., Mather, J.C., Shafer, R.A. and Wright, E.L.
(1996) The Cosmic Microwave Background Spectrum from the Full COBEFiras Data
Set. The Astrophysical Journal, 473, 576-587. https://doi.org/10.1086/178173

Carniani, S., Hainline, K., D’Eugenio, F., Eisenstein, D.]., Jakobsen, P., Witstok, J., et
al. (2024) Spectroscopic Confirmation of Two Luminous Galaxies at a Redshift of 14.

Nature, 633, 318-322. https://doi.org/10.1038/s41586-024-07860-9

Kalaja, A., Harrison, I. and Coulton, W.R. (2025) Cosmology and Source Redshift

Distributions from Combining Radio Weak Lensing with CMB Lensing. Journal of

Cosmology and Astroparticle Physics, 2025, Article 1.
https;//doi.org/lO.1088/1475—7516/2025/07/001

Bargiacchi, G., Dainotti, M.G. and Capozziello, S. (2025) High-Redshift Cosmology
by y-Ray Bursts: An Overview. New Astronomy Reviews, 100, Article ID: 101712.
https://doi.org/10.1016/j.newar.2024.101712

Maragliano, E., Ganeshaiah Veena, P., Degni, G. and Franco Branchini, E. (2026)
From Redshift to Real Space: Combining Linear Theory with Neural Networks. As-
tronomy & Astrophysics, 706, A45. https://doi.org/10.1051/0004-6361/202556679

Godel, K. (1949) An Example of a New Type of Cosmological Solutions of Einstein’s
Field Equations of Gravitation. Reviews of Modern Physics, 21, 447-450.
https://doi.org/10.1103/revmodphys.21.447

Barrow, J.D., Juszkiewicz, R. and Sonoda, D.H. (1985) Universal Rotation: How Large
Can It Be? Monthly Notices of the Royal Astronomical Society, 213, 917-943.
https://doi.org/10.1093/mnras/213.4.917

Maartens, R. (2011) Is the Universe Homogeneous? Philosophical Transactions of
the Royal Society A: Mathematical, Physical and Engineering Sciences, 369, 5115-
5137.

https://doi.org/10.1098/rsta.2011.0289

Hawking, S.W. (1988) A Brief History of Time: From the Big Bang to Black Holes.
Bantam Books.

Camarena, D., Marra, V., Sakr, Z. and Clarkson, C. (2021) The Copernican Principle
in Light of the Latest Cosmological Data. Monthly Notices of the Royal Astronomical
Society, 509, 1291-1302. https://doi.org/10.1093/mnras/stab3077

DOI: 10.4236/jmp.2026.1710060

1456 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.1710060
https://doi.org/10.3847/0004-6256/152/6/157
https://doi.org/10.1038/s41586-026-10846-4
https://cxc.harvard.edu/proposer/POG/html/chap6.html;
https://doi.org/10.1086/317016
https://cxc.cfa.harvard.edu/sherpa/threads/spectra/
https://doi.org/10.3847/1538-4357/adbf1b
https://doi.org/10.1086/178173
https://doi.org/10.1038/s41586-024-07860-9
https://doi.org/10.1088/1475-7516/2025/07/001
https://doi.org/10.1016/j.newar.2024.101712
https://doi.org/10.1051/0004-6361/202556679
https://doi.org/10.1103/revmodphys.21.447
https://doi.org/10.1093/mnras/213.4.917
https://doi.org/10.1098/rsta.2011.0289
https://doi.org/10.1093/mnras/stab3077

U. V. S. Seshavatharam et al.

(50]

(51]

(52]

(53]

(54]

(55]

[56]

(57]

(58]

(59]

[60]

[61]

(62]

(63]

(64]

(65]

Hawking, S.W. (1975) Particle Creation by Black Holes. Communications in Mathe-
matical Physics, 43, 199-220. https://doi.org/10.1007/bf02345020

Gibbons, G.W. and Hawking, S.W. (1977) Cosmological Event Horizons, Thermo-
dynamics, and Particle Creation. Physical Review D, 15, 2738-2751.
https://doi.org/10.1103/physrevd.15.2738

Hayward, S.A., Di Criscienzo, R., Nadalini, M., Vanzo, L., Zerbini, S., Kunze, K.E., et
al. (2009) Local Temperature for Dynamical Black Holes. AIP Conference Proceed-
ings, 1122, 145-151. https://doi.org/10.1063/1.3141237

McMaken, T. and Hamilton, A.].S. (2023) Hawking Radiation inside a Charged Black
Hole. Physical Review D, 107, Article ID: 085010.
https://doi.org/10.1103/physrevd.107.085010

Ravuri, D. and McMaken, T. (2025) Hawking Radiation inside a Charged, Cosmo-
logical Black Hole. Physical Review D, 111, Article ID: 044005.
https://doi.org/10.1103/physrevd.111.044005

Seshavatharam, U.V.S. and Lakshminarayana, S. (2026) Cosmic Hubble-Hawking
Temperature Relation: Quantum Gravity Scaling for Compact Object Accretion and
Thermal Emissions. https://doi.org/10.20944/preprints202601.2213.v1

Mitra, A. (2006) Radiation Pressure Supported Stars in Einstein Gravity: Eternally
Collapsing Objects. Monthly Notices of the Royal Astronomical Society, 369, 492-
496. https://doi.org/10.1111/j.1365-2966.2006.10332.x

Mitra, A. and Glendenning, N.K. (2010) Likely Formation of General Relativistic Ra-
diation Pressure Supported Stars or ‘Eternally Collapsing Objects’. Monthly Notices
of the Royal Astronomical Society: Letters, 404, L50-L54.
https://doi.org/10.1111/j.1745-3933.2010.00833.x

Seshavatharam, U.V.S. and Lakshminarayana, S. (2013) Applications of Hubble Vol-
ume in Atomic Physics, Nuclear Physics, Particle Physics, Quantum Physics and Cos-
mic Physics. Journal of Nuclear Physics, Material Sciences, Radiation and Applica-
tions, 1, 45-60. https://doi.org/10.15415/jnp.2013.11005

Donoghue, J.F. (2012) The Effective Field Theory Treatment of Quantum Gravity.
AIP Conference Proceedings, 1483, 73-94. https://doi.org/10.1063/1.4756964

Duff, M.J., Okun, L.B. and Veneziano, G. (2002) Trialogue on the Number of Funda-
mental Constants. Journal of High Energy Physics, 2002, Article 23.
https://doi.org/10.1088/1126-6708/2002/03/023

El-Nabulsi, R.A. (2005) Effective Cosmological Constant from Supergravity Argu-
ments and Non-Minimal Coupling. Physics Letters B, 619, 26-29.
https://doi.org/10.1016/j.physletb.2005.06.002

El-Nablusi, A.R. (2006) Phase Transitions in the Early Universe with Negatively In-
duced Supergravity Cosmological Constant. Chinese Physics Letters, 23, 1124-1127.
https://doi.org/10.1088/0256-307x/23/5/017

Rami, E.A. (2015) Fractional Action Oscillating Phantom Cosmology with Confor-
mal Coupling. The European Physical Journal Plus, 130, Article No. 102.
https://doi.org/10.1140/epjp/i2015-15102-9

El-Nabulsi, R.A. (2009) Maxwell Brane Cosmology with Higher-Order String Curva-
ture Corrections, a Nonminimally Coupled Scalar Field, Dark Matter-Dark Energy
Interaction and a Varying Speed of Light. International Journal of Modern Physics
D, 18, 289-318. https://doi.org/10.1142/s0218271809014431

El-Nabulsi, R.A. and Anukool, W. (2023) Generalized Uncertainty Principle from
Long-Range Kernel Effects: The Case of the Hawking Black Hole Temperature. Chi-

DOI: 10.4236/jmp.2026.1710060

1457 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.1710060
https://doi.org/10.1007/bf02345020
https://doi.org/10.1103/physrevd.15.2738
https://doi.org/10.1063/1.3141237
https://doi.org/10.1103/physrevd.107.085010
https://doi.org/10.1103/physrevd.111.044005
https://doi.org/10.20944/preprints202601.2213.v1
https://doi.org/10.1111/j.1365-2966.2006.10332.x
https://doi.org/10.1111/j.1745-3933.2010.00833.x
https://doi.org/10.15415/jnp.2013.11005
https://doi.org/10.1063/1.4756964
https://doi.org/10.1088/1126-6708/2002/03/023
https://doi.org/10.1016/j.physletb.2005.06.002
https://doi.org/10.1088/0256-307x/23/5/017
https://doi.org/10.1140/epjp/i2015-15102-9
https://doi.org/10.1142/s0218271809014431

U. V. S. Seshavatharam et al.

[66]

[67]

[68]

(69]

(70]

(71]

(72]

(73]

(74]

(75]

(76]

(77]

(78]

(79]

(80]

(81]

(82]

nese Physics B, 32, Article ID: 090303. https://doi.org/10.1088/1674-1056/acac15

Tremblin, P. and Chabrier, G. (2024) Re-Evaluating the Cosmological Redshift: In-
sights into Inhomogeneities and Irreversible Processes. Astronomy & Astrophysics,
689, A207. https://doi.org/10.1051/0004-6361/202450818

Fixsen, D.J. (2009) The Temperature of the Cosmic Microwave Background. 7he As-
trophysical Journal, 707, 916-920. https://doi.org/10.1088/0004-637x/707/2/916

Noterdaeme, P., Petitjean, P., Srianand, R., Ledoux, C. and Lépez, S. (2011) The Evo-
lution of the Cosmic Microwave Background Temperature: Measurements of 7¢;,

at High Redshift from Carbon Monoxide Excitation. Astronomy & Astrophysics, 526,
L7. https://doi.org/10.1051/0004-6361/201016140

Sciama, D.W. (1953) On the Origin of Inertia. Monthly Notices of the Royal Astro-
nomical Society, 113, 34-42. https://doi.org/10.1093/mnras/113.1.34

Kerr, R.P. (1963) Gravitational Field of a Spinning Mass as an Example of Algebrai-
cally Special Metrics. Physical Review Letters, 11, 237-238.
https://doi.org/10.1103/physrevlett.11.237

Davis, T.M. and Lineweaver, C.H. (2004) Expanding Confusion: Common Miscon-
ceptions of Cosmological Horizons and the Superluminal Expansion of the Universe.
Publications of the Astronomical Society of Australia, 21, 97-109.
https://doi.org/10.1071/as03040

Sandage, A. (1962) The Change of Redshift and Apparent Luminosity of Galaxies
Due to the Deceleration of Selected Expanding Universes. The Astrophysical Journal,
136, Article 319. https://doi.org/10.1086/147385

Planck Collaboration (2016) Planck 2015 Results XVIII: Background Geometry and
Topology. Astronomy & Astrophysics, 594, A18.

Szigeti, B.E., Szapudi, I., Barna, I.F. and Barnaf6ldi, G.G. (2025) Can Rotation Solve

the Hubble Puzzle? Monthly Notices of the Royal Astronomical Society, 538, 3038-
3041. https://doi.org/10.1093/mnras/staf446

Shamir, L. (2025) The Distribution of Galaxy Rotation in /WST Advanced Deep Ex-
tragalactic Survey. Monthly Notices of the Royal Astronomical Society, 538, 76-91.
https://doi.org/10.1093/mnras/staf292

Tudorache, M.N,, Jung, S.L., Jarvis, M.]., Heywood, I., Ponomareva, A.A., Vardste-
anu, A.A,, et al. (2025) A 15 Mpc Rotating Galaxy Filament at Redshift z=0.032.
Monthly Notices of the Royal Astronomical Society, 544, 4306-4316.
https://doi.org/10.1093/mnras/staf2005

Pathria, R.K. (1972) The Universe as a Black Hole. Nature, 240, 298-299.
https://doi.org/10.1038/2402982a0

Frolov, V.P., Markov, M.A. and Mukhanov, V.F. (1990) Black Holes as Possible
Sources of Closed and Semiclosed Worlds. Physical Review D, 41, 383-394.
https://doi.org/10.1103/physrevd.41.383

Zhang, T.X. (2009) A New Cosmological Model: Black Hole Universe. Progress in
Physics, 3, 3-11.

Zhang, T.X. (2018) The Principles and Laws of Black Hole Universe. Journal of Mod-
ern Physics, 9, 1838-1865. https://doi.org/10.4236/jmp.2018.99117

Poptawski, N. (2012) Nonsingular, Big-Bounce Cosmology from Spinor-Torsion
Coupling. Physical Review D, 85, Article ID: 107502.
https://doi.org/10.1103/physrevd.85.107502

Poptawski, N. (2016) Universe in a Black Hole in Einstein-Cartan Gravity. The As-

DOI: 10.4236/jmp.2026.1710060

1458 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.1710060
https://doi.org/10.1088/1674-1056/acac15
https://doi.org/10.1051/0004-6361/202450818
https://doi.org/10.1088/0004-637x/707/2/916
https://doi.org/10.1051/0004-6361/201016140
https://doi.org/10.1093/mnras/113.1.34
https://doi.org/10.1103/physrevlett.11.237
https://doi.org/10.1071/as03040
https://doi.org/10.1086/147385
https://doi.org/10.1093/mnras/staf446
https://doi.org/10.1093/mnras/staf292
https://doi.org/10.1093/mnras/staf2005
https://doi.org/10.1038/240298a0
https://doi.org/10.1103/physrevd.41.383
https://doi.org/10.4236/jmp.2018.99117
https://doi.org/10.1103/physrevd.85.107502

U. V. S. Seshavatharam et al.

(83]

(84]

(85]

(86]

(87]

(88]

(89]

[90]

(91]

[92]

(93]

(94]

(95]

[96]

(97]

(98]

trophysical Journal, 832, Article 96. https://doi.org/10.3847/0004-637x/832/2/96

Poptawski, N. (2025) Gravitational Collapse with Torsion and Universe in a Black
Hole. International Journal of Modern Physics A, 40, Article ID: 2544007.
https://doi.org/10.1142/s0217751x25440075

Poptawski, N. (2025) Black Holes in the Expanding Universe. Classical and Quantum
Gravity, 42, Article ID: 065017. https://doi.org/10.1088/1361-6382/adb537

Gaztanaga, E. (2022) The Black Hole Universe, Part I. Symmetry, 14, Article 1849.
https://doi.org/10.3390/sym14091849

Gaztafaga, E., Kumar, K.S., Pradhan, S. and Gabler, M. (2025) Gravitational Bounce
from the Quantum Exclusion Principle. Physical Review D, 111, Article ID: 103537.
https://doi.org/10.1103/physrevd.111.103537

Tatum, E.T., Seshavatharam, U.V.S. and Lakshminarayana, S. (2015) The Basics of
Flat Space Cosmology. International Journal of Astronomy and Astrophysics, 5, 116-
124. https://doi.org/10.4236/ijaa.2015.52015

Haug, E.G. (2024) CMB, Hawking, Planck, and Hubble Scale Relations Consistent
with Recent Quantization of General Relativity Theory. International Journal of The-

oretical Physics, 63, Article No. 57. https://doi.org/10.1007/s10773-024-05570-6

Boylan-Kolchin, M. and Weisz, D.R. (2021) Uncertain Times: The Redshift-Time Re-
lation from Cosmology and Stars. Monthly Notices of the Royal Astronomical Soci-
ety, 505, 2764-2783. https://doi.org/10.1093/mnras/stab1521

NIST (2024) CODATA Recommended Values of the Fundamental Physical Con-
stants: 2022. Physical Measurement Laboratory, National Institute of Standards and

Technology.

Penrose, R. (1969) Gravitational Collapse: The Role of General Relativity. Rivista del
Nuovo Cimento, 1, 252-276.

Christodoulou, D. and Ruffini, R. (1971) Reversible Transformations of a Charged
Black Hole. Physical Review D, 4, 3552-3555.
https://doi.org/10.1103/physrevd.4.3552

Scolnic, D.M,, Jones, D.O., Rest, A., Pan, Y.C., Chornock, R., Foley, R.J., et al. (2018)
The Complete Light-Curve Sample of Spectroscopically Confirmed SNe Ia from Pan-
Starrsl and Cosmological Constraints from the Combined Pantheon Sample. 7he
Astrophysical Journal, 859, Article 101. https://doi.org/10.3847/1538-4357/aab9bb

Rubin, D., Aldering, G., Betoule, M., Fruchter, A., Huang, X., Kim, A.G., et al. (2025)
Union through UNITY: Cosmology with 2000 Sne Using a Unified Bayesian Frame-
work. The Astrophysical Journal, 986, Article 231.
https://doi.org/10.3847/1538-4357/adc0a5

Di Valentino, E., Melchiorri, A. and Silk, J. (2019) Planck Evidence for a Closed Uni-
verse and a Possible Crisis for Cosmology. Nature Astronomy; 4, 196-203.
https://doi.org/10.1038/s41550-019-0906-9

Handley, W. (2021) Curvature Tension: Evidence for a Closed Universe. Physical Re-
view D, 103, L041301. https://doi.org/10.1103/physrevd.103.1041301

Land, K., Slosar, A, Lintott, C., Andreescu, D., Bamford, S., Murray, P., et al. (2008)
Galaxy Zoo: The Large-Scale Spin Statistics of Spiral Galaxies in the Sloan Digital Sky
Survey. Monthly Notices of the Royal Astronomical Society, 388, 1686-1692.
https://doi.org/10.1111/].1365-2966.2008.13490.x

Hutsemeékers, D., Braibant, L., Pelgrims, V. and Sluse, D. (2014) Alignment of Quasar
Polarizations with Large-Scale Structures. Astronomy & Astrophysics, 572, A18.
https://doi.org/10.1051/0004-6361/201424631

DOI: 10.4236/jmp.2026.1710060

1459 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.1710060
https://doi.org/10.3847/0004-637x/832/2/96
https://doi.org/10.1142/s0217751x25440075
https://doi.org/10.1088/1361-6382/adb537
https://doi.org/10.3390/sym14091849
https://doi.org/10.1103/physrevd.111.103537
https://doi.org/10.4236/ijaa.2015.52015
https://doi.org/10.1007/s10773-024-05570-6
https://doi.org/10.1093/mnras/stab1521
https://doi.org/10.1103/physrevd.4.3552
https://doi.org/10.3847/1538-4357/aab9bb
https://doi.org/10.3847/1538-4357/adc0a5
https://doi.org/10.1038/s41550-019-0906-9
https://doi.org/10.1103/physrevd.103.l041301
https://doi.org/10.1111/j.1365-2966.2008.13490.x
https://doi.org/10.1051/0004-6361/201424631

U. V. S. Seshavatharam et al.

[99]

[100]

[101]

[102]

Pelgrims, V. and Hutsemékers, D. (2016) Evidence for the Alignment of Quasar Ra-
dio Polarizations with Large Quasar Group Axes. Astronomy & Astrophysics, 590,
A53. https://doi.org/10.1051/0004-6361/201526979

Akrami, Y., Ashdown, M., Aumont, J., Baccigalupi, C., Ballardini, M., Banday, A.].,
et al. (2020) Planck 2018 Results. Astronomy & Astrophysics, 641, A7.
https://doi.org/10.1051/0004-6361/201935201

Secrest, N.J., Hausegger, S.v., Rameez, M., Mohayaee, R., Sarkar, S. and Colin, J.
(2021) A Test of the Cosmological Principle with Quasars. The Astrophysical Journal
Letters, 908, L51. https://doi.org/10.3847/2041-8213/abdd40

Bashir, M., Chingangbam, P. and Appleby, S. (2026) The Catwise2020 Quasar Dipole:
A Reassessment of the Cosmic Dipole Anomaly. The Astrophysical Journal, 1003,
Article 162. https://doi.org/10.3847/1538-4357/ae6588

DOI: 10.4236/jmp.2026.1710060

1460 Journal of Modern Physics


https://doi.org/10.4236/jmp.2026.1710060
https://doi.org/10.1051/0004-6361/201526979
https://doi.org/10.1051/0004-6361/201935201
https://doi.org/10.3847/2041-8213/abdd40
https://doi.org/10.3847/1538-4357/ae6588

	Testing Cosmic Acceleration with Pantheon, Union3, and Live Redshift Monitoring
	Abstract
	Keywords
	Overview and Notation
	1. Introduction
	2. General Considerations on Cosmic Acceleration
	2.1. Published Challenges to Permanent Acceleration
	2.2. Combined Implication for the Present Framework

	3. The G1 - G2 Live-Observation Test
	3.1. Distance, Recession Speed, and the Added Acceleration Hypothesis
	3.2. Operational Spectroscopic Statement
	3.3. Published Repeat-Telescope Values
	3.4. A 50-Year Sensitivity Assessment 

	4. Additional Observational Tests
	4.1. Temperature-Expansion Consistency
	4.2. Hubble-Mass Connection to Galactic Structure
	4.3. Cosmic-Dawn Atomic and Geometric-Mean Test
	4.4. Millimetre Hydrogen-Line Test at Redshift Fourteen
	4.5. Supernova and BAO Likelihoods
	4.6. CMB and Structure Formation

	5. Integrated Strengths and the BHU Development Programme
	6. Covariant Completion and Predictive Development
	6.1. A Covariant Rotating Spacetime
	6.2. Conservation Laws
	6.3. Parameter Economy and Uncertainty Control
	6.4. Scope of the Present Article

	7. Discussion
	7.1. Homogeneity, Isotropy, and the Scope of Cosmological Inference
	7.2. The Hubble-Hawking Connection and Its Black-Hole Interpretation
	7.3. Atomic Action Scales and the Scope of the Alternative Proposal 
	7.4. Priority of Acceleration Tests and Interpretation of the Cosmological Term 
	7.5. Thermal Monotonicity, Rotation, and the Absence of Acceleration in BHU

	8. Achievements
	9. Foundational Construction
	9.1. Hubble Compactness Identity
	9.2. Rotational Interpretation
	9.3. Shear-Free Coherent Rotation and Observational Meaning
	9.4. Redshift-Free Epoch Relations
	9.5. Status of the Assumptions

	10. Black-Hole-Universe Models in Earlier and Current Literature
	11. Planck-Hubble Thermal Coupling
	11.1. Lighthouse Models: Two Routes to the Temperature-Rate Relation
	11.1.1. Atomic-Density Route
	11.1.2. Force and Wien-Radius Route 
	11.1.3. Common Scaling and Distinct Normalizations 

	11.2. Geometric-Mean Radius Law
	11.3. Cosmic Scaling Implied by the Thermal Law
	11.4. Thermodynamic Interpretation
	11.5. Gravitational Constructions of an Atomic Action Scale 

	12. Geometric Mass Partition and Acoustic Scales
	12.1. Two Proposed Partitions
	12.2. Two Conceptually Different Meanings of Flatness
	12.3. BAO Scale Estimate
	12.4. CMB Angular Structure

	13. Bounded Redshift and Closed-Form Kinematics
	13.1. Bounded Coordinate
	13.2. Proposed Recession Mapping
	13.3. Fixed-Fraction Recession-Speed Reconstruction

	14. Pantheon and Union3 Distance-Luminosity Tests
	14.1. Reference Distance Law
	14.2. Pantheon: Evolving Partition Representation
	14.3. Union3: Closed Bounded-Redshift Law
	14.4. Hubble Tension as a Calibration-Offset Hypothesis
	14.5. What the Supernova Comparisons Establish

	15. Comparison with Standard Cosmology
	16. Positive Curvature and Geometric Closure 
	16.1. Positive-Curvature Indications and Geometric Closure
	16.2. Directional Anisotropies: Galaxy Handedness, Quasar Axes, and Cosmic-Axis Tests
	16.3. Motivation for Alternative Frameworks and Independent Testing

	17. The Two Different Red Shifts Associated with Lambda Model and BHU Model 
	17.1. Photon-Energy Loss and the Wavelength Denominator
	17.2. Exact Conversion and Application to Cosmic Expansion
	17.3. Low-Redshift Approximation and High-Redshift Distinction
	17.4. Derivatives: Energy-Loss Rates and Spectral Drift

	Data Availability
	Code Availability
	Role of Artificial Intelligence Assistance
	Consent for Publication
	Acknowledgements
	Author Contributions
	Conflicts of Interest
	References

