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Abstract

The formation and evolution of galaxies and other astrophysical objects have become of
great interest, especially since the launch of the James Webb Space Telescope in 2021. The
mass, size, and density of objects in the early universe appear to be drastically different
from those predicted by the standard cosmology—the ACDM model. This work shows that
the mass—size—density evolution is not surprising when we use the CCC+TL cosmology,
which is based on the concepts of covarying coupling constants in an expanding universe
and the tired light effect contributing to the observed redshift. This model is consistent
with supernovae Pantheon+ data, the angular size of the cosmic dawn galaxies, BAO, CMB
sound horizon, galaxy formation time scales, time dilation, galaxy rotation curves, etc., and
does not have the coincidence problem. The effective radii 7, of the objects are larger in the
new model by 7, « (1 + 2)%%, Thus, the object size evolution in different studies, estimated
as 7, « (14 z)° with s = —1.0 = 0.3, is modified to 7, o (1 4 z)*"*%
by (1+2)**, and number density by (1 +z)~**°. The luminosity modification increases

, the dynamical mass

slowly with z to 1.8 at z = 20. Thus, the stellar mass increase is modest, and the luminosity
and stellar density decrease are mainly due to the larger object size in the new model. Since
the aging of the universe is stretched in the new model, its temporal evolution is much
slower (e.g., at z = 10, the age is about a dex longer); stars, black holes, and galaxies do not
have to form at unrealistic rates.

Keywords: galaxies; high-redshift—cosmology; early universe; galaxy evolution

1. Introduction

James Webb Space Telescope (JWST) has revealed the existence of massive, bright
galaxies in the early universe at less than 4% of its current age of 13.8 Gyr (e.g., [1-10]) that
is seen to be in tension with the models of galaxy formation and evolution in the ACDM
model (e.g., [11-15]). They include:

1. Angular diameters of early galaxies are not as expected from the ACDM model (e.g., [1,2,16-26]).

2. Excess of luminous galaxy density at high redshifts (e.g., [8,10,27,28]). Looser et al. [29]
observed the existence of a quiescent galaxy when the Universe was only 700 Myr old
(see also [10,30]). Galaxy GN-z11 with extreme properties existed just 430 Myr after
the Big Bang [31,32]. Following spectroscopic confirmation of several photometric
redshifts from JWST early galaxy observations, Haro et al. [33] found high space
density of bright galaxies at z > 8 compared to theoretical model predictions.

3. Highly evolved and massive galaxies. The observation that some galaxies in the early
universe, within ~ 400 million to a billion years after the Big Bang, were well devel-
oped, has worried astronomers (e.g., [8,10,34—43]). Eilers et al. [44] analyzed a massive
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quasar and reported that the quasar’s black hole has a mass of 10'° M, within 1 Gyr of
the Universe’s age and is difficult to accommodate in the black hole formation models.
4. Existence of Massive Spiral galaxies like the Milky Way with stellar mass M, = 1.4 x 1010 M,
and half-light radius R, = 3 kpc 1.5 billion years after the Big Bang [45], and with
M, =1 x 10" M, and half-light radius R, = 3.7 kpc 1 billion years after the Big Bang.

Unrealistic models have been proposed to explain these observations, including pri-
mordial massive black hole seeds and super-Eddington accretion rates in the early Uni-
verse [46-55]. An analysis of GN-Z11 JWST-NIRSpec data of this exceptionally luminous
galaxy at z = 10.6 led to the conclusion [52] that the black hole seed must be accreting at
an exceptionally high rate of about five times the Eddington rate for 100 million years and
thus is challenging for theoretical models [56].

Seen primarily through HST up to z ~ 2.8, galaxies appear to become progressively
smaller, irregular and peculiar with increasing redshift in the ACDM paradigm [57-64]. JWST is
able to take us to z > 10 to study galaxies very early in cosmic dawn [1,4,11,16,19,25,40,65-67].
JWST’s superior resolution provides for spatially resolved structural features, giving us
a better understanding of the early galaxy morphology. For example, peculiar structures
get resolved as disk-dominated while spiral features become directly observable up to
z ~ 3[8,68-73].

The trend of galaxies becoming smaller at higher redshifts is known to exist at z <3
for some time [74-76]. Yang et al. [24] measured the evolution of the size-mass relation
for galaxies at redshifts z < 3 and derived the empirical relation for the effective radius
Refp o (1+ 2) HP =0T for the late-type galaxies of masses greater than three billion
solar masses. More recently, Ormerod et al. [77] analyzed 1395 galaxies at 0.5 <z < 8
with stellar masses log(M,/Mgy) > 9.5 from JWST observations in the Public CEERS
field and found that galaxies get progressively smaller, evolving as ~ (1 + z) 071019
up to z ~ 8. Others who showed declining galaxy sizes with increasing redshift up
to z = 12.5 include Westcott et al. [73], van Dokkum et al. [78], Constantin et al. [79],
Varadaraj et al. [80], Song et al. [81], and Yang et al. [82]. The declining effective galactic
radii can be fitted using the power-law expression (1 +z)° with s = —1 £ 0.3 for most
studies. Ward et al. [83] studied a sample of 2450 galaxies by combining deep imaging data
from the CEERS early release JWST survey and HST imaging from CANDELS to examine
the size-mass relation of star-forming galaxies and the morphology-quenching relation
at stellar masses, M, > 10%° Mg, over the redshift range 0.5 < z < 5.5. They report the
relation R.sf o 1+ ;2)70‘63i 007 for M, = 5 x 10°M,, Reff o M 92 for star-forming
galaxies, and R.rf ox MY 08 for quiescent galaxies.

Many studies have been undertaken to understand the above briefed and many other
observations from JWST, ALMA (Atacama Large Millimeter/submillimeter Array), HST
(Hubble Space Telescope), etc., through size-mass-density evolution of early galaxies, which
is our focus in this paper.

Our attempt in this paper is to understand how the results of various studies will be
modified in the expanding universe cosmology based on covarying coupling constants
(CCC—[84]) and the tired light (TL) phenomenon [85]. We have already shown that the
hybrid model, CCC+TL (or CTL in short), wherein we replaced the cosmological constant A
with a constant that defines the evolution of the dimensionless coupling constant function,
is able to fit the Pantheon+ supernovae type la data and resolve the ‘impossible early
galaxy problem’ [86]. Additionally, it is consistent with the baryon acoustic oscillation data,
the CMB sound horizon angular size [87], time dilation observations, galaxy formation
timescales [88], and galaxy rotation curves [89]. Stellar ages exceeding the standard age of
the universe (e.g., [90,91]), easily fit in the CTL model.
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In Section 2, we present the background conceptual and theoretical material relevant
to the paper. Section 3 presents the results showing how the mass, size, and density evolve
in the CTL cosmology. We discuss the application of the results to galaxies and little red
dots in Section 4 and present our conclusions in Section 5.

2. Background

The fundamental premise in our study is that coupling constants’ evolution, if they
evolve, is interrelated through a common dimensionless function f(t). Derived from local
energy conservation in exploding stars, the speed of light ¢, the gravitational constant G,
the Planck constant £, the Boltzmann constant kg, etc., evolve as follows: c(t) = cof (),
G(t) = Gof(1)°, h(t) = hof(£)% kp(t) = kpof(t)?, etc.; subscript 0 defines a constant at
the current time t( [84]. If we consider the dimensionality of the constants, we find their
variation can be related to their length dimension. In addition, since length is measured
with the speed of light, and since it has the dimensionality of length, we have to let it evolve
as length(t) = lengthyf(t). The form of f(t) is not defined and may even have a value
unity at all times, i.e., the constants remain constant at all times. Nevertheless, the function
f () must be well-behaved in the region of its applicability with value unity at t = fg. To
be consistent with Occam’s razor, we have defined it as f(t) = exp(a(t —tg)) (with & an
unknown constant to be determined from cosmological observations) since it yields rather
simple Einstein and Friedmann equations for studying cosmology as an alternative to the
ACDM model.

The above concept of covarying coupling constants (CCCs) is based on Dirac’s hy-
pothesis of evolving gravitational constant and fine structure constant [92] and Uzan’s
proposition [93] that if one dimensionful constant varies, then others must too. Since the
fine structure constant is dimensionless, its potential variation is not governed by the CCC
principle. It should be mentioned that substantial work performed that tightly constrains
the variation of G (e.g., [92,94-118]), ¢ [119-128], and other dimensionful constants, invari-
ably assumes all constants, other than the one investigated, as fixed to their current values.
Such constraints lead to f(t) being fixed a-priory to unity (since f(tg) = 1). Once one fixes
f(t), one automatically constrains all the CCCs to their current value, thus making the
exercise of measuring the variation in any one constant futile [84].

We believe that the tired light effect exists in parallel to the expansion of the universe.
We have dealt this in earlier papers [86-88]. Since the distance traveled by a photon is the
same, this fact is used to correlate the two causes of the observed redshift without requiring
additional parameters. However, the tired light approach has limitations, such as time
dilation, Tolman brightness, spectral line broadening, and CMB isotropy. The time dilation
concern about the tired light was discussed in [88] for the CCC+TL model. The fact that
the CCC+TL model fits the Pantheon+ data as well as the ACDM model shows that the
Tolman brightness concern is accommodated in the CCC+TL model. We do not suggest
Compton scattering to be the cause of tired light. It is currently unknown and the subject
of ongoing research. It is hard to explain CMB with the tired light phenomenon, but the
CCC+TL model includes the expansion of the Universe with tired light contributing only
4% at the CMB redshift Figure 6 in [86].

The CCC concept leads to modifying the FLRW metric and Einstein equations, result-
ing in the modified Friedmann equations [86]. For clarity and completeness, we repeat
some equations from an earlier work [87]. The FLRW metric is

ds? = a2 f(£)* —a(t)*f(t)*
x( ar 412 (d92 +sz’n29d¢2>),

1—xr2

(1)
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the modified Friedmann equations are
a 2 8wGy k3
— 0
(a + tx) = 303 € — 2 and (2)
a 47‘(G0 a
A 3p) —al = 3
a 3c3 (e+3p) a(a)' ®)
and the modified continuity equation is
. .a
e+3-(e+p)=—ale+3p) 4)

Here, « is the curvature constant, ¢ is the energy density of all the components, and p is
their pressure. Solution of Equation (4) for matter (p = 0) and radiation (p = ¢/3) are,

respectively,
Em = £m,0a73f71, and g, = srroa*4f*2. (5)

Defining the Hubble expansion parameter as H = a/a, we may write Equation (2) for
a flat universe (x = 0) as

2
871Gy c 3C2(H0 + )
H+a)? =252 =007
(H+«a) 30% £ = €59 87Cy (6)

This equation defines the current critical density ego of the Universe in the CCC model that
depends not only on the Hubble constant but also on the constant «. Using Equations (5)
and (6), we may write

(H+a)" = (Ho+a)* (Qnoa 2 f 1+ Qroa £ 2). @)

In this equation, relative matter density (2,0 = €4,0/ SSO and relative radiation density
Do =¢erp0/ ego. Since () ) < Oy, g in the matter-dominated Universe of our interest in this
paper, and since we do not have to worry about the dark energy density in the CCC model,
Equation (7) simplifies to [87]

H=—a+ (Hy+a)a 32712 (8)

Knowing that a = 1/(1 + z), proper distance d, to an object at redshift z is

Zdz z dz
dp = o — .
=) B S et ©

The function f(z) is related to the function f(t) as provided in earlier papers [86-88]. We
can now define the angular diameter distance d 4 required to convert the observed angular
size of an object to its physical size while noting the d 4 is model dependent, and hence, the
physical size is also model dependent.

The angular diameter distance d 4 is defined in terms of the physical size J! of an object
and its observed angular size 00 as d4 = 61/ 66. Using the metric (Equation (1)), the object
at a location (r, ¢), i.e., dr = 0 and d¢ = 0, at time ¢ has a size given by

ds? = a(t)*f(t)*r2d0% = ds = a(t) f(£)ré0 = 61 (10)
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Therefore, with r as the proper distance d), the angular diameter distance becomes
1
da = a(B)f (N = da(z) = - f@)dy(2). an

It was shown in an earlier paper [86] that while the CCC and the ACDM models
are great in fitting the low redshift observations, e.g., Pantheon+ supernova type Ia data,
both of them are unsatisfactory in explaining the JWST galaxy size data at cosmic dawn
and reionization redshifts. We then invoked the tired-light (TL) concept of Zwicky [85]
to coexist in the expanding Universe. Since the distance traveled by a photon is the same
in an expanding Universe whether tired or not, by equating the proper distances for the
two effects of the redshift, we were able to establish the relationship among the TL redshift
zt, the expanding Universe redshift zy, and the observed redshift z. Thus, given a value
of z, one could find zy and, therefore, also z; since (1+2z) = (14 zy)(1+2z) [86]. In
such a model, dubbed CCC+TL (or CTL in short), the scale factor depends only on zy,
ie,a—ay=1/(1+zy).

Figure 1 presents the angular diameter distance d4 for the two models based on
the model parameters obtained by fitting Pantheon+ data. We notice that except for low
redshifts, d 4 is vastly different for the two models. And, since the physical size of an object
of a measured angular size is directly proportional to d 4, it is also very different in the
two models.

10

DA (Gpc)

Figure 1. Angular diameter distance d4 against redshift z for the CTL and ACDM models. Since
the physical size of an object is proportional to d4, their ratio yields the physical size ratio of the
two models.

Another important finding of our work is related to the universe’s age. The age
comparison for the two models is displayed in Figure 2 as the age ratio. With substantially
increased age in the CTL model, especially at high redshifts, there is ample time for stars,
black holes, and galaxies to evolve to the observed morphologies in the CTL model at
observed redshifts.

We should also address concerns about the general covariance of the CCC approach.
The CCC concept was inspired by the framework presented by Costa et al. [129]. Therein,
the covarying physical couplings were derived from an action integral (i.e., a Lagrangian
density), Einstein-like field equations were built deductively, and the general constraint
relating the simultaneously varying couplings was determined (see also [130]). Modi-
fied Friedmann equations stem from the extended Einstein field equations when they
are specified for the homogeneous and isotropic universe. The concern about picking a
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special time coordinate, thus potentially breaking general covariance, is addressed in our
papers [131,132]. We show in these papers how to ensure general covariance even when
a varying speed of light (VSL) participates in the time sector of the line element. We also
discuss energy-momentum conservation thoroughly. Therefore, the standard notion of
energy-momentum conservation has to be extended to encompass the varying couplings.
This feature is present in other VSL proposals, such as that by Albrecht and Magueijo [124].
It is also present in Brans-Dicke theory and other scalar-tensor theories of gravity, as dis-
cussed in Chapter 2 of the book by Faraoni [133]. Equation (4) here is a manifestation of this
extended conservation law of the energy-momentum tensor for a perfect fluid. In standard
cosmology, « is identically zero, and we recover the standard result.

25
& 20
©
>
a 15
g
)
0 10
©
-
U 5
0
0 5 10 z 15 20 25
ACDM 13.8 1.20 0.48 Age Gyr 0.28 0.18 0.13
CTL 267 9.10 5.84 Age Gyr 4.35 3.47 2.89

Figure 2. The age comparison for the CTL and the ACDM models as age ratio at different redshifts z.
The abscissa shows the redshift z as well as the corresponding age of the Universe in the two models
for ready reference.

It should be mentioned that the metric, Equation (1), can be transformed into the
standard FLRW metric by redefining + — t' = (1/a)exp[a(t — to)] and a new scale factor
a'(t) = a(t) f(t), thus yielding the standard Einstein tensor. However, when we write the
complete Einstein equations [86], we find that we cannot eliminate f () from the right-hand
side, i.e., the right-hand side cannot be transformed into the standard form. It can also be
seen from the Friedmann Equations (2)—(4) that they cannot be reduced to the standard
form with this or any other time transformation since c and G are both varying with time.
In the CTL model, the scale factor is nota = (1+ Z)fl; itisa = (1+ zx)fl as noted in
the paragraph following Equation (11). Since redshift contribution comes from tired light
as well as from the expanding universe, we write (1 +z) = (14 zy)(1 + z;) with z as the
observed reshift, z, as the redshift due to the expansion of the Universe, and z; as the
redshift due to the tired light effect. Thus, in Equation (9), the integration upper limit is
changed to z; when applying it to the CTL model. However, the abscissa of plots in the
Figures is converted to observed redshift from z, using (1 +z) = (1 + zx)(1 4+ z).

Incidentally, there are papers in the literature that consider conformal rescaling of
FLRW or Minkowski spacetimes (e.g., [134,135]). The CCC model may thus be seen as
a special case of Lombriser’s [135] generalized reformulation of the Einstein equations.
However, we need to check if it is true even when c and G are both evolutionary.
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3. Results

Our focus in this paper is on the CTL model and comparing the results with its ACDM
equivalent. The CTL model offers a fundamentally different cosmological perspective
compared to the ACDM framework. While ACDM attributes the observed redshift only to
the metric expansion of space and requires the inclusion of dark energy and cold dark matter
as key components, CTL proposes an expanding universe with evolutionary fundamental
constants and photons losing energy traveling cosmic distances. We will explore how the
evolution of galaxy size, mass, and density in the ACDM model from the cosmic dawn is
affected in the CTL model.

Size Increase: As mentioned above, the size increase is determined by taking the ratio
of d 4 in the CTL and ACDM models. We label it as the increase in radius R, which is shown
in Figure 3 by green dashed lines. For example, the R increase in the CTL model over the
ACDM model at z = 5, 10, 15, 20, and 25 is by the factors 5.6, 9.5, 12.8, 15.6, and 18.1,
respectively. Thus, the object sizes are larger than a dex at the cosmic dawn.

20

8 e M* & Luminosity ‘ o

16 & ".”

= === Mdyn &R P

14 - f
= S
Q -~

10 =
<
= 8 o
Q P

6 v

’/
4 7
4
2 2
0
0 5 10 2 15 20 25

ACDM 13.8 1.20 0.48 Age Gyr 0.28 0.18 0.13
CTL  26.7 9.10 5.84 Age Gyr 4.35 3.47 2.89

Figure 3. Comparison of the stellar mass M*, Luminosity, dynamical mass Mdyn, and size R for the
CTL and the ACDM models in the form of their ratios at different redshifts z. The abscissa shows the
redshift z as well as the corresponding age of the Universe in the two models for ready reference.

Luminosity Increase: In a flat Universe, the radiation energy flux f due to luminosity
Lis givenby f = L/ (47{11%). In an expanding Universe, photons lose energy due to
redshift by a factor of 1/(1+ z) and due to the flux reduction from time dilation by
another factor of 1/(1 + z), resulting in a total flux reduction by a factor of 1/(1+ z)?
applicable to the ACDM model. However, in a hybrid redshift Universe, the CTL model,
the time dilation does not exist for the tired light component. So, the total flux reduction is
1/[(1+2)(1+2zy)],ie, (T4+2z)/(1+ z)z. Since the flux received is the observed quantity,
by equating the flux in the two models, using A subscript for the ACDM and x subscript
for the CTL model,

L Le(1 d>
Lo LOrE) g, (12)
4rud;, A (1+ z) dnd;, (1+z) dyp(1+2t)
Since the angular diameter distances for the two models are
dAA:dpA/(1+Z)/ (13)

dax = dpxf(2x)/ (14 22) = dpa f(22) 1+ 2) /(1 + 2),
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Equation (12) leads to

2
e (§> . (14
A an)  fz)"(1+2z)
It is shown in Figure 3 by the solid red line. The luminosity increase in the CTL model
relative to the ACDM model is relatively modest compared to the size increase.

Mass Increase: Let us now consider how the stellar mass (M) and the dynamic mass
(Mgyn) of a galaxy are related in the two models. Since stellar masses may be considered
associated with the luminosity L, their increase is relatively modest, as given by the solid
red line in Figure 3. For simplicity, we have assumed a mass-to-light ratio Y, = M, /L
to be constant [136,137] rather than a luminosity-dependent Y* [138], i.e., we assume
M, « L. While the spectral energy distribution (SED) method is currently preferred in
determining stellar masses [139-141], it is not directly related to the luminosity, and it
also has significant uncertainty and margin of error. Moreover, stellar mass estimates
span ~ 2 dex across different models, making it challenging to determine stellar masses
with reasonable confidence, especially for the little red dots [142].

Black hole mass is considered proportional to the luminosity of Ha (Hp) lines:
Mgy o L055(056) 1143 144]. Thus, black hole mass increase with redshift is slower than
the stellar mass increase in the CTL model compared to the ACDM.

Dynamical mass determined from dispersion velocity o measurements is related to the
object size ry through M « ¢?r;/G (e.g., [145]). Therefore, the dynamical mass scales as the
object size, as shown in Figure 3 by the dashed green line. (Note: While ¢, r;, and G evolve
with time in the CTL model, their CCC variations cancel out since o ~ f(t), ry ~ f(t), and
G~ f (t)3.) Since the dynamical mass includes the stellar mass, gas mass, and dark matter
(or equivalent) within r4, one could infer that, as expected, the gas mass is substantially
larger in the early universe than in the current universe when we use the CTL model. The
evolution of the ratio of the two mass increases in the CTL model is shown in Figure 4.

Y
o

Relative Mdyn/M*
O L N W H U OY N 00 VO

0 5 10 pA 15 20 25
ACDM 13.8 1.20 0.48 Age Gyr 0.28 0.18 0.13
CTL  26.7 9.10 5.84 Age Gyr 4.35 3.47 2.89

Figure 4. Comparison of the dynamical mass Mdyn and stellar mass M* evolution in the CTL model
relative to the ACDM models in the form of their ratios at different redshifts z. The abscissa shows
the redshift z as well as corresponding age of the Universe in the two models for ready reference.

Density Decrease: Since the physical size of an object of a measured angular size is larger
in the CTL model in comparison to the ACDM model, the surface and volume densities
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are lower, inversely proportional to the square of the size increase for the surface density
and to the cube of the size increase for volume density. Some of the density decreases with
redshift are shown in Figure 5, and others can be easily estimated. Thus, excess galaxy
densities observed in the ACDM Universe are significantly offset in the CTL Universe.

1
0.1
>
S
< 0.01
S |
O | e Number Density
0.001
IM*&Slum e
= = ==3Mdyn bl LT 7P PO N I !
0.0001 i i
0 5 10 2z 15 20 25
ACDM 13.8 1.20 0.48 Age Gyr 0.28 0.18 0.13
CTL 26.7 9.10 5.84 Age Gyr 4.35 3.47 2.89

Figure 5. Comparison of the evolution of some densities in the CTL model relative to the ACDM
models in the form of their ratios at different redshifts z. The abscissa shows the redshift z as well as
the corresponding age of the Universe in the two models for ready reference.

4. Discussion

Having compared the size-mass-density evolution with the redshift in the two models,
we need to see how the results of the previous section apply to actual observations.

Galaxies:

It is well known that in the ACDM cosmology, galaxies become progressively smaller,
irregular and peculiar with increasing redshift (e.g., [57-64,73]). They are massive and
become more numerous and denser at higher redshifts (e.g., [8,10,27,28]), but with lower gas
content (e.g., [137,146] and higher metallicities (e.g., [147-149]) than expected considering
their young age in the early Universe. We show that these concerns can be reasonably
resolved in CTL cosmology primarily due to the advantages of size and age.

Size Evolution: It has been extensively studied, showing declining galaxy sizes with
increasing redshift up to z = 12.5 (e.g., [73,77-83]). Several studies are presented graphi-
cally in Figure 6. Declining effective radius R, curves can be fitted using the power-law
expression (1 + z)° with s = —1 £ 0.3 for most studies. We also show the inverse of the
power-law fit, R, = (1 + 2)®%, for the increase in the physical size of the objects in the CTL
(labeled as CCC+TL) model compared to the ACDM model. It means that the decreasing
object size with redshift increase in the ACDM cosmology is largely offset by the increasing
size with redshift in the CTL model, i.e., the CTL power-law expression for the size evolu-
tionis R, o (1 + z)5+0'93. For example, for the earliest spectroscopically confirmed galaxy
known at present, JADES-GS-z14-0 (GS-z14) at z = 14.18, the UV radius r,,, = 260 &= 20 pc
in the ACDM cosmology [7] becomes 3172 + 244 pc in CTL. However, the unobservable
galaxy size may be much larger with gas filling the outer regions of the galaxy that has yet
to form stars, leading to a rather low fraction of mass in stars in early galaxies.
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Figure 6. Comparison of the evolution of the effective radius R, of galaxies with redshift z in different
studies shown in the legend [77-80,150] and discussed in the text.

Mass Evolution: As discussed above, while stellar and black hole masses depend on
luminosities, the dynamical mass, i.e., total mass, is related to the effective radius and disper-
sion velocity. Many high-redshift galaxies appear to have stellar-to-dynamical mass ratios
higher than expected (e.g., [151]). It is contrary to the expectation since high redshift galax-
ies should be in the early stages of formation and thus have a large portion of their baryon
mass in the form of gas rather than in stars; we should expect little dark matter or its equiv-
alent effect within the effective radius [137]. For example, for the earliest spectroscopically
confirmed galaxy at present, JADES-GS-z14-0 (GS-z14) at z = 14.18, they have (e.g., [147],
by ignoring the uncertainties) M, = 0.50 x 10° M, and Mgy ~ 1.0 x 10° M. In the CTL
model, as compared to the ACDM model, the increment at z = 14 in M, is 1.71, and in Mdyn
is 12.2. Therefore, in CTL cosmology M. = 0.86 x 10°Mg and Mgy, ~ 1.22 x 10"°Mo,
or My, / Mx = 14 rather than only 2 in ACDM cosmology. One expects this in a young
galaxy still evolving by converting gas mass into stellar mass.

Density Evolution: As shown in Figure 5, all the densities are considerably moderated in
the CTL cosmology. For example, let us examine the statement made in a recent paper [10],
“RUBIES-UDS-QG-z7 has strong implications for galaxy formation models: the estimated
number density of quiescent galaxies at z~7 is >100x larger than predicted from any model
to date, indicating that quiescent galaxies have formed earlier than previously expected.”
Now, at z = 7, the density in the CTL cosmology is lower by a factor of 385, thus well in line
with the prediction. The authors continue to state, “. .. high stellar-mass surface density
within the effective radius of log(X./Me kpc=2) = 10.85%1%,, comparable to the highest
densities measured in quiescent galaxies at z~2-5 ...” When considered in CTL cosmology,
it is reduced by a factor of 36, giving log(E../Ma kpc=2) = 9.29, which aligns with the
stellar surface density of local quiescent galaxies of masses similar to RUBIES-UDS-QG-z7,
ie., ([152], Figure 2; see also [153]).

Xiao et al. [8] predicted an accelerated formation of ultra-massive galaxies (M,./ M, ~ 10'1)
in the first billion years, based on their observation of galaxies’ number density atz =5 — 6,
to be 3 dex higher than expected. If we use the CTL model, their number density would be
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lowered by a factor of ~286 (Figure 5), i.e., by ~2.5 dex, i.e., leading to the result not too
different from expectation.

It is worth mentioning that recently Pérez-Gonzalez et al. [154] observed six F200W
and three F277W dropout sources identified as 16 < z < 25 galaxy candidates based
on the deepest JWST/NIRCam data to date and determined that the number density of
these galaxies was unexpectedly lower than at z = 12. Contemporarily, Lovell et al. [155]
found an object undetected in JWST/NIRCam imaging but clearly identified in ALMA
band 3 as a Lyman-break candidate at z > 40. Astoundingly, the inferred number density
of this object exceeds predictions at z ~ 17 (25) by a factor of 4 (25) smaller than at
z ~ 12 [154]. These redshifts have yet to be confirmed spectroscopically to ensure that
these sources are not low-redshift interlopers and that their findings are for the claimed
redshifts. Nevertheless, galaxies at such high redshifts, and even higher redshifts can be
expected in the CTL cosmology.

Luminosity Evolution: As discussed in Section 2 above and shown in Figure 3 (red line),
the modification of luminosity evolution is relatively modest when switching between the
ACDM and CTL cosmologies. Nevertheless, since luminosity affects the stellar and black
hole mass determination, it is essential to give luminosity due consideration, especially
when comparing galaxy masses.

Age: Asis apparent from Figure 2 and the abscissa labels of Figures 3-5, CTL cosmology
provides a huge age advantage in the formation and evolution of galaxies. We do not need
to work with a highly compressed timeline at cosmic dawn; for example, 280 Myr age of
the Universe in the ACDM cosmology at redshift z = 15 becomes 4.35 Gyr in the CTL
cosmology. The concern of Weibel et al. [10] that “quiescent galaxies have formed earlier
than previously expected,” i.e., at the age of ~ 700 million years at z = 7.3, disappears
in CTL cosmology since age becomes ~ 7 Gyr. The existence of a galaxy proto-cluster at
z = 8.47, merely 550 Myr after the Big Bang [156], is also challenging to explain in the
ACDM paradigm but is not improbable when the age of the Universe is 6.5 Gyr in CTL
cosmology. The same can be said about the unexpected strong emission of Ly-« at z = 13
from the galaxy JADES-GS-z13-1 at the ACDM age of 330 Myr [157] when the CTL age was
4.9 Gyr. Age of certain stars that exceed the standard age of the universe (e.g., [90,91]), can
be easily accommodated in the CTL model.

Metallicity: Very young galaxies show metallicities representing significant enrich-
ment of gases forming stars from previous generations [148,149]. From JWST/NIRSpec
observations at 4 < z < 10, Sarkar et al. [158] surmised that there is no deviation of the
mass-metallicity relation from the fundamental metallicity relation in the local universe up
to z = 8, and it deviates by ~0.27 dex beyond z = 8. Schouws et al. [147] expressed, “. .. we
find GS-z14 to be surprisingly metal-enriched (Z ~ 0.05 — 0.2 Z;) a mere 300 Myr after
the Big Bang.” It is not surprising in CTL cosmology as the Universe’s corresponding age
at the redshift z = 14 of GS-z14 is 4.6 Gyr. Most recently, Carniani et al. [159] reported
the Atacama Large Millimeter/submillimeter Array’s (ALMA) detection of [O III]88 um
line emission with a significance of 6.67c and at a frequency of 223.524 GHz from the
galaxy JADES-GS-z14-0.

Little Red Dots

An abundant population of broad-line active galactic nuclei (AGN) was discovered
with the James Webb Space Telescope at redshift z > 4, which could include the little
red dots (LRDs) (e.g., [160-162]). LRDs have a distinctive spectral energy distribution
(SED) in the rest frame—flat in the blue UV region with a steep red optical slope, possibly
due to dust attenuation [163]. The overall AGN population and bolometric luminosity
function at 4 < z <9 could significantly be due to LRDs ([144,145,164-166] see also LRD
observed at z > 10 [167]). The bolometric luminosities of LRDs could be as high as those of
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low-luminosity quasars ~ 10*° erg s~! while their abundance is significantly higher than
that of quasars. Understanding the nature of LRDs remains a puzzle.

Our objective here is not to attempt to solve the LRD problem but to show by example
how some of their parameters will be affected in the CTL cosmology, which may result
in relaxing the constraints on their properties. We see from the previous section that with
increasing redshift in the CTL cosmology compared to the ACDM, an object’s size increases,
number density decreases, dynamical mass increases much faster than the stellar mass, etc.
One LRD-like source for which detailed information is readily available is GN-72127 [165]
at the spectroscopic redshift of z = 4.13. We have taken the source property data from
Table 1 in that paper to see how it is modified for the CTL model and present it in Table 1
(we ignored data uncertainties). The extreme parameter values in the ACDM cosmology
become very reasonable in CTL.

Table 1. Original (ACDM) and modified (CTL) parameters of little red dot GN-72127.

GN-72127

Parameter Unit Value LCDM  CTL/LCDM Value CTL
Zspec 413 1 4.13
reff (optical) pc 300 49 1470
refr (UV) pc 490 4.9 2401
Mg/ Mo 2.04 x 107 1.18 2.41 x 107
M./Mg 4.27 x 1010 1.35 5.76 x 1010
Mgyn/ Mo 5.75 x 1010 49 2.82 x 101
T Mg Kpe=2 1.02 x 10! 0.042 4.3 x 10°
Lo erg/s 3.46 x 10* 1.35 4.67 x 10
Z/Zc 0.97 1 0.97
Mpr /M. 4.79 x 10* 0.87 418 x 10*
M./ My, 0.74 0.28 0.20
Number den. LRD Mpc—3 N 0.0086 0.0086N

Several papers express concern about the small sizes of the early Universe objects.
Recently, Baggen et al. [137] stated, “It remains an open question why compactness seems
to be such a generic feature of early bright star-forming galaxies (z~7-9, r.~100-300 pc;
e.g., [21,26,148,168-170]) and massive quiescent galaxies out to z~5 (r.~200-500 pc;
e.g., [165,171-175]).” Considering the increase in the size of objects in the CTL model,
the question becomes mute as at z~7-9, re~880 —2190 pc and at z~5, 7.~1020-2800 pc in this
model since size increases by a factor of 5.6 (z =5), 7.3 (z = 7), and 8.8 (z = 9) going from
ACDM to CTL cosmology. Their concern [137] about extreme stellar surface densities in
their study is also resolved since densities will decrease by a factor of 0.031 (=1/5.6%) at
z =15,0.019 (=1/7.3%) at z = 7, and 0.013 (=1/8.8?) at z = 9. Therefore, the theoretical limit
of the surface density X,rr < 3 x 10° M, pc2 (their Figure 4) is not breached by any of the
sources they have considered.

Let us examine another paper published last year in Nature by Furtak et al. [176]
about Abell2744-QSO1 at the spectroscopic redshift of 7.045 with properties consistent with
LRDs. They derived the object’s black hole mass Mgy = 472 x 107 My, from the width
of HB line (FWHM = 2800 £ 250 km/s), and inferred a black hole to galaxy mass that
is too high, at least 3%, one dex higher than in the local galaxies [177], and possibly up
to 100%. Their galaxy mass determination is based on assuming an upper stellar density
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limit that is equal to the densest star clusters [178] or elliptical galaxy progenitors [26],
ie, X, ~ 5 x 10° Mg pc~2, and deriving the stellar mass contained within r, < 30 pc
estimated for the object, i.e., M. < 1.4 x 10° M. Since 7. increases by a factor of 7.3
in CTL cosmology at z = 7.0, the M, estimate will increase by 7.3% for the same X, to
M. < 7.5 x 10 M. Since the luminosity increases by a factor of 1.5 at z = 7.0, the
black hole mass will increase by a factor of 1.5956 (see above and [143]), i.e., 1.25. Thus,
Mpg /M, ~ 0.1%, well in line with the local values.

Similar analyses can be performed for the LRD data reported in many recent papers
(e.g., [3,160,164,179-183]), resulting in LRD parameters that do not appear extreme in CTL
cosmology. It should be mentioned that recently Nandal and Loeb [184] have studied
whether an LRD could be the final, luminous moments of a progenitor supermassive
population III star before ultimately collapsing into a supermassive black hole, and Lin
et al. [185] have observed objects that qualify as LRDs unexpectedly in the local universe at
redshifts of z = 0.1 — 0.2.

Because of the stretched time scale of the early universe in CTL cosmology, it can
be argued that galaxies would grow much more stellar masses with their observed star
formation rates, and there should be many more quiescent galaxies already formed at
z ~ 7 like RUBIES-UDS-QG-z7 [10]; since CTL age of the universe is ~7 Gyr compared to
the ACDM age of ~0.7 Gyr at z~7, galaxies have about ten times longer time to grow and
quench. However, as is well known, stellar age is rather challenging to determine and is
greatly model dependent [186-190]. Stellar evolution models have been perpetually refined
to be compliant with the age of the Universe. For example, the age of the Methuselah star
has been revised multiple times (e.g., [191]). This star exceeded the age of the Universe
until recently, when Guillaume [192] in 2024 reduced it by refining their model. Studying
some old globular clusters, de Andrés [91,193] determined their ages to be between 14.7
and 21.6 Gyr. In addition, while the age at high redshift is increased manifold in the new
model compared to the ACDM, so is the formation time of galaxies due to longer free-fall
time and the gas cooling time [88]. This leaves the net advantage of about three (ten) for
the new model at redshift 10 (100) for the galaxy formation and evolution. This will also be
reflected in the stellar formation and evolution models applied at cosmic dawn, providing
adequate time for the formation of quiescent galaxies. Nevertheless, it remains to be seen
how galaxy formation and evolution models are modified in CTL cosmology.

One may consider the CCC+TL observational features to be the reflection of the choice
of frame [131,132]. Thus, in performing the observational scrutiny of cosmological models,
one must be wary of the underlying impact of the choice of frame.

5. Conclusions

Early Universe observation with the James Webb Space Telescope and ALMA of high
redshift galaxies and other objects are often in tension with the ACDM cosmology despite
major efforts attributed to modifying models for the formation and evolution of stars,
black holes, and galaxies. We show here that such tensions are eliminated or significantly
moderated in the CTL cosmology:

(1) Little red dots are not so little, and their stellar densities are not unreasonably high.
Their dynamical mass is significantly higher than their stellar mass. Their number
densities are not excessive.

(2) Galaxies are much larger in size and older in age, with a lower number density and
higher dynamical mass. A massive galaxy like RUBIES-UDS-QG-z7 has a life span of
7 Gyr to be born, evolve, and reach a quiescent stage rather than just 700 Myr.
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(3) While galaxies detected at 16 < z < 25 have yet to be confirmed spectroscopically
to ensure that these sources are not low-redshift interlopers, galaxies at such high
redshifts, and even higher redshifts, can be expected in the CTL cosmology.

We believe that, applied prudently, an extension of ACDM to CTL cosmology should
be able to eliminate most surprises and inconsistencies of the early Universe.
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