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Abstract: Relaxing the temporal constancy constraint on coupling constants in an expanding universe
results in Friedmann equations containing terms that may be interpreted as dark energy and dark
matter. When tired light (TL) was considered to complement the redshift due to the expanding
universe, the resulting covarying coupling constants (CCC+TL) model not only fit the Type Ia
supernovae data as precisely as the ACDM model, but also resolved concerns about the angular size
of cosmic dawn galaxies observed by the James Webb Space Telescope. The model was recently shown
to be compliant with the baryon acoustic oscillation features in the galaxy distribution and the cosmic
microwave background (CMB). This paper demonstrates that dark energy and dark matter of the
standard ACDM model are not arbitrary but can be derived from the CCC approach based on Dirac’s
1937 hypothesis. The energy densities associated with dark matter and dark energy turn out to be
about the same in the ACDM and the CCC+TL models. However, the critical density in the new model
can only account for the baryonic matter in the universe, raising concerns about how to account for
observations requiring dark matter. We therefore analyze some key parameters of structure formation
and show how they are affected in the absence of dark matter in the CCC+TL scenario. It requires
reconsidering alternatives to dark matter to explain observations on gravitationally bound structures.
Incidentally, since the CCC models inherently have no dark energy, it has no coincidence problem.
The model’s consistency with the CMB power spectrum, BBN element abundances, and other critical
observations is yet to be established.

Keywords: cosmology; galaxies; early universe; high-redshift; dark matter; dark energy; cosmic dawn

1. Introduction

Dark matter and dark energy are considered the pillars of modern cosmology, defined
by the cold dark matter and cosmological constant A that Einstein had introduced in his
general theory of relativity for establishing the steady state universe. He later rejected A.
However, the constant was resurrected by cosmologists to explain the universe’s accelerated
expansion confirmed by Type 1a supernovae (SNela) observations [1,2] after the launch
of the Hubble telescope. Most studies have endorsed the accelerating expansion of the
universe e.g., [3-6]. Putting A back into the Einstein equations resulted in the simplest
form of Friedmann equations that could explain the increasingly higher redshift versus
luminosity relation of SNela and other astrophysical and cosmological observations better
than any alternatives. It resulted in an energy density in the universe with constant value
and negative pressure corresponding to A, and a matter energy density that is six times
what can be accounted for by the baryonic matter we all are familiar with. The former is
dubbed dark energy and the unaccounted matter as dark matter because the origin of either
of them is not yet understood and is not directly verifiable. Extensive effort in cosmology
and particle physics is being devoted to proving the existence of these elusive dark entities
without any sign of their direct detection.

Indirect proof of the existence of dark matter is plentiful (see Bahcall [7] for a succinct
review) albeit with inconsistencies e.g., [8,9], including the too-big-to-fail problem e.g., [10],
the cusp-core problem [11-13], and the missing satellite problem [14]. Lord Kelvin in
1884 [15] derived the number of dark bodies by analyzing the velocity dispersion of the
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stars orbiting the center of the Milky Way and concluded, “Many of our supposed thousand
million stars, perhaps a great majority of them, maybe dark bodies.” The flat rotation curves
of spiral galaxies that initially suggested the possibility of dark matter [16] and provided
a solid basis for the existence of dark matter [17-21] are for nearby (local) galaxies, and
not universal. This limitation was due to the difficulty of observing rotation velocities in
distant galaxies. With improved instrumentation and accumulating data for a stack of
galaxies, Genzel et al. [22] and Lang et al. [23] have recently determined galaxy rotation
curves for a stack of ~100 galaxies at 0.6 < z < 2.6; i.e., more distant than 5 billion light years,
and established the common rotation curve that falls off rapidly with radius (Figure 2b
of [22]), unlike the rotation curves of nearby galaxies (Figure 3 of [18]). Quoting Nelson and
Williams [24] in the context of non-local galaxies, “Only a simulation without a dark matter
halo is able to reproduce the observed rotation curves.” They also state the following: “So
if it turns out that the rotation curves for all distant galaxies are steeply falling, then this
implies that galaxies form initially without a massive dark matter halo. But this is contrary
to the accepted paradigm for galaxy formation, where the dark matter halo collapses first,
followed by the infall of the baryonic matter into the gravitational potential well of the
dark matter, where it forms visible stars.”

Other methods of indirectly observing dark matter include (a) stellar velocity disper-
sion in globular clusters and galaxies e.g., [25,26], (b) mass estimate of galaxy clusters by
three methods e.g., [27]—virial mass, gravitational lensing, and hydrostatic equilibrium
of the intracluster medium, (c) gravitational lensing e.g., [28,29]; (d) cosmic microwave
background (CMB) temperature anisotropy [30,31], (e) structure formation e.g., [32-34],
(f) bullet cluster e.g., [35], (g) baryon acoustic oscillation (BAO) features in galaxy distribu-
tion e.g., [36,37], and (h) SNela [38,39].

Inconsistencies in determining the contents of dark matter in different observations
have been a subject of debate about the very existence of dark matter e.g., [22-24,40,41].
Its unambiguous and conclusive direct detection continues to be elusive. The primary
purpose of the European Space Agency’s Euclid satellite, launched on 1 July 2023, is to
map the geometry of the universe through the distribution of galaxies to know about
the dark sector—the invisible dark energy and dark matter [42]. Several experiments
of direct detection of dark matter particles have been planned worldwide, such as deep
underground experiments in facilities similar to those used for neutrino detection e.g., [43]
and using the Large Hadron Collider (LHC) to detect dark matter particles produced in
collisions of the LHC proton beams e.g., [44,45].

Several alternatives to dark matter and dark energy theories have been proposed.
Mannheim [46] reviewed them generically as follows: “that it is a universal acceleration
scale which determines when a luminous Newtonian expectation is to fail to fit data, that
there is a global cosmological effect on local galactic motions which can replace galactic dark
matter, and that to solve the cosmological constant problem it is not necessary to quench
the cosmological constant itself, but only the amount by which it gravitates”. Milgrom
in1983 [47] proposed the modification of Newtonian dynamics (MOND) in very small
acceleration domains to account for the flat rotation curves in then observable galaxies
(see also [48-51]). Recently, he has interpreted MOND as a theory of modified inertia [52].
MOND can be considered as a modified gravitational theory. Other such theories replacing
dark matter and dark energy include the relativistic generalization of MOND in the form
of tensor-vector-scalar gravity (TeVeS) [53], f(R) gravity [54], negative mass, dark fluid [55],
entropic gravity [56], dark dimension e.g., [57], retarded gravity e.g., [58-60], and others
e.g., [46,61]. We do not intend to review the extensive literature about the application of
MOND, its relativistic adaptation, and other alternatives that refute the existence of dark
matter and dark energy; we have just cited typical references. One strong criticism of such
theories has been that they are not compliant with the CMB anisotropy and matter power
spectra observations, but Skordis and Ztoénik [62] have put such criticism to rest.

The most accepted model based on Einstein’s cosmological constant A and the cold
dark matter, known by the acronym ACDM, is relatively simple to use in diverse applica-
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tions, but not always compliant with observations. Chief noncompliance with the model
was noticed in the cosmic dawn observations by the James Webb Space Telescope (JWST)
in the formation of nascent stars and galaxies and the creation of the reionization era.
The galaxies were more massive and evolved, higher in number, and smaller in physical
size than predicted e.g., [63-80]. While most astronomers scurried to revise their galaxy
formation model to fit the observations within the ACDM cosmology by compressing the
timeline for the formation of Population III stars and galaxies, such as by considering the
presence of primordial massive black hole seeds and super Eddington accretion rates in the
early universe e.g., [70,81-97], others saw the potential of going beyond the ACDM cos-
mology [12,98-106]. One such effort [39] used the evolving coupling constants, inspired by
Dirac’s hypothesis [107], and the tired light phenomenology of Zwicky [108] for explaining
observed redshift, to develop a new model that could naturally explain the JWST observa-
tions with the parameters obtained by fitting the SNela Pantheon+ data [109,110]. The new
model exploits the interrelationship in the variation of various coupling constants [111]
and the assumption that the redshifts due to the expanding universe and the tired light
occur concurrently. Since the light travels the same proper distance for the two redshifts,
the new model has no more free parameters than the ACDM model. The hybrid model was
christened CCC+TL, CCC for covarying coupling constants (not to be confused with Pen-
rose’s Conformal Cyclic Cosmology), and TL for the tired light. More recently, this model
was shown to fit the position of the baryon acoustic oscillation (BAO) feature observed in
the large-scale distribution of galaxies and the angular size of the sound horizon due to
BAO imprinted in the cosmic microwave background (CMB) anisotropy [37]. This model
has no dark matter or dark energy per se, but its compact equations can be expanded to
relate to the dark matter and dark energy in the ACDM model.

While the paper [39] does not discuss dark matter and dark energy aspects of the
new model, the paper [37] discusses it only subtly. The current paper attempts to show
how parameter « in the new models can be explicitly interpreted as dark matter and dark
energy in the ACDM model. It attempts to show that the absence of dark matter does
not negatively affect the formation of galaxies primarily due to the increased age of the
universe. Additionally, it shows that due to the tired light contribution to the redshift being
rather small, the model is consistent with the time dilation data. Essentially, the current
paper aims to show the similarities and differences between the two models with respect
to dark matter and dark energy, and analyze some key parameters of structure formation
to understand how they are affected in the absence of dark matter in the CCC+TL model.
Section 2 prepares the theoretical background. Section 3 presents estimates of dark matter
and dark energy estimates. Section 4 deals with the galaxy formation concerns without
dark matter. We discuss our findings in Section 5 and present conclusions in Section 6.

2. Theoretical Background

In cosmology, the scale factor a(t) accounts for the expansion of the universe. We
introduced another scale factor, f(t), to consider the possibility of the length dimension
of constants and the length unit evolving with the expansion. Then, the speed of light
evolves as c(t)~f(t), gravitational constant as G(t)~ f(t)?, Planck constant as h(t)~f(t)?,
and Boltzmann constant as k(t)~f ()%, i.e., G ~c®~h3/2 ~k3/2, This relationship can also
be shown by the local energy conservation law [111]. It modifies the FLRW metric and
thus the Einstein equations, resulting in Friedmann equations slightly different from their
familiar form. The modified FLRW metric, incorporating the covarying coupling constant
(CCC) concept in [39] is

ds? = BdRf (1) —a(t)*f (1)

1
X (1571;2 + 12 (d6? + sin? Gdtpz)), M
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the modified Friedmann equations are
a 281Gy K
— 0
(a+e) = Sgte— T ?
a 47‘(G0 a
-=—— 3p) —af - 3
a 3c3 (e+3p) a(a)' ®)
and the modified continuity equation is
oA
8+3E(e+p) = —a(e+3p). 4)

H? =

81 Go
3c3

Here, Gy is the current value of the gravitational constant, ¢ is the current value of
the speed of light, « is the curvature constant, « is a constant defining the variation of the
constants through function f(t) = exp(«(t — t9)) with the cosmic time f measured from the
beginning of the universe and t( as the current time, ¢ is the energy density of all the com-
ponents, and p is their pressure (It should be mentioned that the metric, Equation (1), can
be transformed into the standard FLRW metric by redefining + — t' = (1/a)expa(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 [39], we find that we cannot eliminate f(t)
from the right-hand side; i.e., the right-hand side cannot be transformed into the standard
form). Using the function f(t), ¢(t) = cof(t) and G = Gof (t)% in the CCC model. The
solution of Equation (4) for matter (p = 0) and radiation (p = ¢/3) are, respectively,

& = smroa%f*l, and ¢, = srroa74f72. (5)

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

2
871Gy 3c3(Hp + )
H 2 = i =—02_"7
(H+a«a) 33 £ = g5 871G (6)

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

(H+«)* = (Hy + a)? (Qm,oa_3f_1 + Qr,oa_4f_2). (7)

In this equation, relative matter density (), 0 = €,,0/¢5, and relative radiation density

Do = &0/ €CC,0. Since ;9 < O, and since we do not have to worry about the dark
energy density in the CCC model, Equation (7) simplifies to the following [37]:

(H+a)” = (Ho+ @) (a7 71+ Qpoa=4f72). ®)
However, we may expand and rewrite Equation (2) as

H?> = 8;?% —a% —2aH
0

1/2
:@s—oﬁ—Za @s —a |, or
3¢5 3¢

87'L'G0

1/2 -1/2
) 871Gy 871Gy 33 , 3c3 12 87Go
e+a”—2u| ——¢ =——|e+ a” —2u € = (e+ege+€u). (9)

3c3 3c3 871Gy 3cj
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Here, ¢ is the composite energy density of matter and radiation, ¢4, is the dark energy
density, and ¢, is the unspecified (or unknown) energy density. In terms of the standard
definition of the critical density 5, = 3c5H3 /871Gy, Equation (9) becomes

H? = Hg(eroai?’fil + Qr10a74f72 + Qde
+Qu,olf3/2f’1/2>-

Comparing with similar expressions for the ACDM model in a flat universe,

871Gy A 8mGy c2 871Gy
H? = e+ — = e+ —2 A = €+¢€p), Or
3c3 3 3c3 ( 871Gy 3c3 ( A)
H2 = H3 (0,007 + Opoa ™ + Q) (10)

We see that the cosmological constant term A /3 of the ACDM model is replaced by the

constant a2 in the CCC model. Additionally, there is an evolutionary term 2« (87IG0£/ 36%) 1/2.

This term may be considered a dynamic component of the quintessence (time-varying)
dark energy, as dark matter that evolves differently than the baryonic matter, or something
yet unspecified or unknown (say U). Since & turns out to be negative, the contribution of U
is positive.

Using Equation (6), Equation (9) may be written as

H? = (H 4 )% + &% — 2a(H + «). (11)

This equation can be written directly from Equation (2), but one may have difficulty
seeing how it relates to the dark energy of the ACDM model. When divided by H3, the
equation at the current time becomes

(Ho+a)* o 2a(Hp+a)

1= & = 0o + Qe + Q. (12)
2 2 2 m,O de ll,O
H0 HO HO

Equivalently, for the ACDM model, Equation (10) results in

87TG()
1=——(¢ en) =0 Qp. 13
3c%H(2)( m0 T EA) m0 + QA (13)

The critical density here is defined as 3c3HZ /87Gy.

Permitting the tired light effect to coexist with the expanding universe splits redshift
z into z¢ and zy, such that (1 +z) = (1+ z;)(1 + zx), and the Hubble constant Hj into H;
and Hy, such that Hy = H; + Hy; the subscript t is for tired light, and x is for expanding
universe. It is done by equating the proper distances determined using the tired light effect
and the expanding universe (see [39], Equations (34)—(47)). As a result, it does not involve
any additional free parameters. However, it reduces the time dilation since tired light does
not cause time dilation. We will take up this concern in Section 5—Discussion.

It should be emphasized that the function f(t) evolves in an expanding universe,
similar to the gravitational constant G evolving in Dirac’s large number hypothesis due to
the expansion of the universe [107]. Function f(t) does not evolve in the tired-light-only
universe (TL model).

One may be concerned about the covariance of the proposed model and related
gauge issue. From a general perspective, a model that uses a Lagrangian with a function
that is dependent on a particular coordinate breaks the covariance of the model theory.
However, we could replace the function f(t) by f(x) in the Lagrangian, where x are the
four spacetime coordinates. We will thus obtain covariant equations. Then, when we want
to analyze a particular case, we can choose f(x) in such a way that it depends only on ¢,
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ie, f(x) — f(t). This is the case when we have homogeneity and isotropy of the space
section of the spacetime (typical of cosmological models). This is the approach that is used
in several scalar-tensor models. Thus, the gauge issue does not arise when dealing with
perturbations.

3. Dark Matter and Dark Energy Estimates

CCC Model: Referring to Table 1 in [39] and ignoring the uncertainties, we have
for the ACDM model, Hy = 73.0 Km s~ ! Mpc’1 and Q0 = 0.35, whereas for the
CCC model, Hy = 72.7 Km s™! Mpc~! and « = —0.50H,. The critical density as
defined by Equation (6) ego = 3c3(Ho + oc)z/ 871Gy, in terms of its standard definition

820 = 3c3H3 /871Gy, is then (Hy + tx)z /H3 = 0.25. It only comprises the matter density and
the radiation density. However, if we use the expanded version given by Equation (12), we
obtain (), 0 = 0.25, 4, = 0.25, and ), 9 = 0.50 for the CCC model.

CCC+TL Model: For the CCC+TL model, obtained by combining the CCC expand-
ing universe model with the tired light effect [39], the same table shows Hy = 72.6 Km
s 1 Mpc_l, H, = 59.5 Km s~} Mpc‘l, and &« = —0.80Hy. The critical density, as de-
fined by Equation (6), in terms of 3C%H§/ 871Gy, is then (Hy + uc)z/ HJZC = 0.04. However,
3c3H2 /871Gy is not the standard critical density 8?,0 = 3c3H3/8nGy; it is smaller by a
factor of H2/H3 = 0.67. This means that the critical density for the CCC+TL model
eCC,OCCJrTL = 0.03830, i.e., Qo today is 0.03 of the standard critical density, which is about
the same as the baryon density of the standard model; (), o has no room for dark matter in
the CCC+TL model;i.e., Oy 0 — ()p 9. Again, the critical density only comprises the matter
density and the radiation density (insignificant at the current epoch and thus neglected),
nothing else.

Let us now consider the expanded version of the CCC+TL model. In this case, tired
light redshift does not contribute to the expansion of the universe. Hy in Equation (12)
must be replaced by Hy in the table; i.e., Equation (12) is modified as

(Hy + a)? N o®  2a(Hy+a)
H2 H2 H2

X

1= = Qo + Qge + Qup- (14)

We now obtain (), = 0.04, Oy, = 0.64, and Q0,9 = 0.32. We may thus relate (),
with the dark energy density (05 of the ACDM model, and (), g with something related to
dark matter.

While we can relate the CCC’s constant « with the dark energy of the ACDM model,
there is no need to do so. Accelerated expansion of the universe is caused by the weakening
strength of the coupling constants as proposed by Dirac [107], which in turn is caused by the
evolving length dimension in the constants [111].

Matter-Radiation Equality: Next, we should determine at what values of redshift we
have the dominance of radiation. From Equation (7), the matter-radiation equality in the
new models occurs when

OQoa 2 f 1 =00a4f 2= af = Oro/Qup. (15)

Let us first consider the base CCC model for which the critical density is about 25% of its
value for the standard model and (), o = 1. Thus, the radiation density Qﬁ}OCDM ~9 x 107>
estimated for the ACDM model [112] increases by a factor of 4 to ngc ~3.6 x 10~%; matter-
radiation equality happens at af = (1+z) ' f(z) = 3.6 x 10~%. Since f(z > 0) = 1.66, we
obtain z,;,; = 4610~4600. In the expanded CCC model, the critical density is the same as
in the standard model, but Q,, o = 0.25. Therefore, Q0 o/ Q0 = 3.6 x 1074, and redshift
for the matter-radiation equality is again z,, = 4610~4600.

Now, we consider the base CCC+TL model. We have determined above that ESSC+TL =
0.03820. Therefore, QEgC+TL ~3 %1073, Since 0 = 1, wehave ay f = (1+2y) ' f(z) =
3 x 1073, and since f(z > 0) = 3.66, z, = 1216. Since 1 +z = (1 + zy)(1 + z), we need
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to know z; (the tired light component of the redshift) in order to obtain z,,,. We can easily
obtain z; ~ 7 (as per [39]), resulting in z,, = 9737 ~10,000. For the expanded CCC+TL
model, the critical density ESSG—TL = 0.03830. However, the ratio (), o/, does not
change, and z,;, ~10, 000.

For the ACDM model, the radiation matter equality occurs at a = ¢/ 0 =
9 x1075/0.35 = 2.6 x 1074, i.e., z = 3888 ~4000.

Matter-U Equality: This equality is meaningful only in the expanded CCC and CCC+TL
models because the U energy density does not exist in the base models. It happens when

Qm,Oa_gf_l — Qu,Oa_B/zf_l/z- (16)

For the expanded CCC model, as determined above, (), o = 0.25 and Q,, o = 0.50. It
leads to a=3/2f~1/2 = 2. Tt yields z = 0.72 with the numbers behind Figure 1 drawn using
the equations from Gupta (2023). The U energy density is dominant at z < 0.72.

30
25

=—=(CCC =—CCC+TL
20

a—1.5 f—O.5

V4

Figure 1. Variation of a=3/2 f~1/2 with measured redshift z.

For the expanded CCC+TL, Q0 = 0.04 and Q)9 = 0.32. It leads to a=3/2f~1/2 = 8.
We now obtain z = 10 using the numbers behind Figure 1, meaning that U energy density
is dominant at z < 10.

U-Dark Energy Equality: Again, this equality is meaningful only in the expanded CCC
and CCC+TL models because the U and dark energy densities do not exist in the base
models. The equality occurs when

Qa3 2f712 = Q. (17)

For the expanded CCC model, Qy, = 0.25, and Q,, 9 = 0.50. Therefore, a—3/2f~1/2 = 0.5.
From Figure 1, it will happen in the future.

Considering now the expanded CCC+TL model, ()4, = 0.64 and (), = 0.32, giving
a=3/2f~1/2 = 2 Tt yields z = 1.2, meaning that the dark energy density is dominant at
z < 1.2;i.e., at present, the same as for the ACDM model.

Matter-Dark Energy Equality for the ACDM model: This happens when Q,, 0a=3 = Q,,
ie,a = (Quo /QA)1/3 = 0.81, i.e, z = 0.23. It is 0.29 using Planck collaboration [38]
values of (), 0 = 0.3158 and (3 = 0.6842.

Accelerated Expansion: We can determine the redshift when the deceleration of the
universe changes to acceleration from the second Friedmann equation (Equation (3)). Using
Equations (2), (5) and (6) and Q),, 0 = 1, since ), 9 << Oy, 0,

a _ _47TGO _ a
a 3c% (S+3p) ‘X(ﬂ) , (18)

_ 1 _-3¢1_ _« —3/2¢-1/2 o _
= e G =0
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Defining y = a—3/2f~1/2, we may write this equation as a quadratic equation:

2
D P S (19)

1 2
(H() +IX)

2 H0+06

For the CCC model, « = —0.50H), and the above equation becomes y?> — 2y — 2 = 0,
with the acceptable solution y = 2.73. This corresponds to z = 1.15. In this model, the
universe has been accelerating since it was at the redshift of 1.15.

Giving consideration to the CCC+TL model, we have a = —0.80H)y; recall that Hy is
really Hy in this case. Equation (19) now reduces to y> — 8y — 32 = 0, and its solution is
y = 10.9, which corresponds to z = 14.5; the universe has been accelerating since then.

For the ACDM model, the acceleration phase can be determined similarly to be
beginning at z = 0.55.

All the results are summarized in Table 1.

Table 1. The model parameters as determined in the text. The two free parameters of each model,
taken from Gupta (2023), are shown in brackets in bold fonts.

Ttem\Model Broe Base) (EXISaCnSled) (Eiigﬂﬁ) LcbM
Critical density ~ 3c3(Ho +a)?/87Gy 3c3(Hx +a)?/81Gy  3c3H3/8mGy 3cZH2/87Gy 3c2HZ /871Gy
eCo/€20 0.25 0.03 1 0.67 1

Qo 1 1 0.25 0.04 [0.35]

Qr0/ Qo 3.6 x 1074 3.0x 1073 3.6x107% 3.0x 1073 26x10°4
Qe On 0 0 0.25 0.64 0.65
Quo 0 0 0.50 0.32 NA
Hy Km s~ "Mpc~! [72.7] 72.6 [72.7] 72.6 [73.0]
Hy Km s~ !Mpc~! 72.7 [59.5] 72.7 [59.5] 73.0
o/ Hy [—0.50] [—0.80] [—0.50] [—0.80] NA
zatQy = Qy 4600 10,000 4600 10,000 4000
zat Qy = Qy NA NA 0.72 10 NA
zat )y = Oy, NA NA <0 (future) 1.2 NA
zat Qp = Qp NA NA NA NA 0.23
z at acceleration 1.2 14.5 1.2 14.5 0.55

Having shown that dark matter and dark energy are not required in the CCC+TL
cosmology, one would want to know how their effect is mitigated in the formation of
structures. Without going into detail, we would like to study how some key parameters of
structure formation are affected in the absence of dark matter.

4. Concerning Structure Formation

Growth of Matter Perturbations: We will try to determine the ratio of the perturbation
amplitudes in CTL (henceforth CTL for brevity) and ACDM universes at the epoch of
decoupling (redshift z = 1090). Let us start with the textbook expression for the matter
perturbations [112-114] in a flat ACDM universe:

471Gy _
2. (20)

o

5+ 2HS =
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Here, g, is the average matter energy density and the perturbation é = (e, — &x) /-
With the density parameter defined as

Em 81 Goenm
Qy=—= , 21
"7 e 3H2 @
Equation (20) may be written as
. .3 )
0+2HS — EQmH 0=0. (22)
One can easily derive the perturbation equation for the CTL universe as
§+2(H +a)d — gﬂm(H+¢x)2(5 =0, (23)
with O, = & — _ 87Gom _ (24)

e 3¢2(H +a)*

In a flat, matter-dominated universe, we have ),, = 1. In addition, at the time of
recombination, H >>|a| and « can be ignored. Thus, H = 2/(3t) in both the models.
Equations (22) and (23) both reduce to

- 4. 2
55— Z5=0. 2
o+ 3t5 3t25 0 (25)
Its general solution is
5(t) = D1#*3 + Dot~ 1. (26)

We can ignore the decaying mode, D»t~!, since it becomes insignificant with increas-
ing t. Parameter D; is determined by the initial conditions, which are different in the
CTL and ACDM models, and so are the expressions for t relating it to scale factor and
redshift. Therefore, we will subscript the parameters with A and c to identify them for the
two models.

We may write the first Friedmann equation for the flat matter-dominated universe at
z> 0Oas

Hp = Hoaa % He = (H o +a)a, /2 f512. 27)

Since H = a/a, their solutions are

2/3
3Hop \*? 3(H, +a)
apn = <2t> , Ac = Wf . (28)
Therefore,
-2/3
Oa(t) = Dipt?? = Dm(Léw) an 29
2/3
_ 2 1
= Dl/\ (73H0A) 7<1+ZA) , and
—-2/3
3(H
fsc(t) = chtz/3 = D1, ((ZJ(Of/era) ac
” (30)

2folo/2 2/3 .
=Dl si,w )

Let us now try to estimate some numbers. Perturbations in the ACDM model start
to grow from the time of radiation-matter equality, i.e., at z;;, ~ 3440. It is because matter
is primarily dark matter, which does not interact with baryon-photon fluid existing until
the time of decoupling at z;,. ~ 1090. However, in the CTL model, since it has no dark
matter, perturbations begin to grow only from the time of decoupling. Since the redshift
estimate at the decoupling time is the same in the two models, we can assume D1 /D1 =
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Zrm [ Zgec = 3.2. Thus, dark matter dominance in the ACDM universe yields a 3.2 advantage
over the CTL model on structure formation. Also, we can write in Equations (29) and
(30) 1 +zp = 14 24 = (14 2¢)(1 + 2¢). Other parameters are Hypy = 73 km s~! Mpc~!,
foo = 3.66, Hye = 60 km s~! Mpc~!, &« = —0.8Hy,, and 1 + z; = 6.5 at decoupling. This
yields the ratio 6./55 =~ 10 at the time of decoupling; it will be somewhat smaller at
later times when galaxies start forming. However, one has to do a numerical solution of
the equations involved since many approximations we have made are not valid at lower
redshifts when structures begin to form; we have assumed z > 0. Nevertheless, we do get
an idea that the absence of dark matter is not a problem in the CTL model for structure
formation when considering the growth of perturbations.

Galaxy Formation: Following Laursen [115], we will try to understand if the galaxies
can form in the CTL model, considering that it has no room for dark matter. In the
ACDM model with dark matter, a cloud of gas and dark matter can become unstable
and collapse if it meets Jean’s criterion and isolates from the Hubble flow, i.e., from the
universe’s expansion. Assuming for simplicity spherical symmetry and pressureless gas,
the expression for the free-fall time ¢ of the cloud is the following [115]:

1/2 1/2
(.3 — (3nh
trp = (3267;,,1) - (32Gm>

n —-1/2

(31)

Here, p;, is the total matter density of the cloud, n is its baryon particle density with
mean particle mass 7, and f, = py/pm is the baryonic mass fraction determined to be
0.157 by the Planck collaboration [38]. Assuming the same baryon density and cloud
temperature in the two models and since n~(1+ ZC)3 f3 and G~f2 in the CTL model
and n~(1+4z A)3 in the ACDM model, we obtain the ratio of the free-fall times.

Erfe (1+24)%? 3/2
Ryf = = =252(1+2)%2 (32)
ff trfa (1‘+7ZC)3/2 ;/2

We are using subscript ¢ for the CTL model rather than x above. At the time of
decoupling, 1 + z; = 6.5. Therefore, R fF= 41.7, which is quite a big disadvantage for the
CTL model. However, we need to correct it for Jean density, which for a cloud of mass M is

given by
_ 3 (3TN’ _ 3 [ 3kT\’ 39
PI= e\ Gm) ~ anm2\ Gofan )

Since f. > 1, the temperature can be higher in the CTL model by a factor of f. for the
same p; in the ACDM model; i.e., clouds can start collapsing at temperature T'=Tf;in
the CTL model rather than at T in the ACDM model. Since T~(1+2z) = (1+z¢)(1+z),
the temperature T'~(1+2z)f.(z) = (1+2') = (14 z.)(1 + z}). The density gain is then

(1+2)°F(2) /11 +2)°F (2)73} . Thus, the Jean density corrected free fall time ratio is

Rypy = 252(1+2)>% x (Lt =) /) o (34)
e 1+ f@)7

This ratio and Rys ; and the base Ry are plotted in Figure 2. Also, we show the age
ratio Rqge = age./age, in Figure 3 derived from [39]. We can see from these two figures
that the age advantage in the CTL model over the ACDM model overwhelms the free fall
time disadvantage by an order of magnitude at higher redshifts where the structures start
forming; i.e., there is ample of time in the CTL model to form large scale structures without
dark matter.
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Figure 2. Free fall time ratio for the CTL and ACDM models.
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Figure 3. The age advantage in the CTL model over the ACDM model.
Next, we consider the virialized parameters (subscript ‘vir’) of an adiabatically col-

lapsed cloud as the thermal pressure restricts the contraction of the cloud. The shock-heated
gas to temperature T,;, has mass M,;, and radius R;,, which are related (Laursen 2023).

GoMyir . Myir \2(1+z
Ty p = 208%0r - 5 5 104K .
vir A = 3k Roir XK o8 10 (35)

It is assumed that a collapsing cloud reaches an overdensity of 180, and the density
that relates mass and radius scales as (1 + 2)3 in the ACDM model. For the CTL model, the
equation remains the same except, as discussed above, (1 + z) is replaced by (1 + z..). For
clarity, let us rewrite the equation:

_ 2/3 ’
. — mGOfstir ~ 4 Mvir 1+Zc
Tmr’c T 2kof?Roinf 2 X 107K % 108Mq 10

142,
= Tvir,A (ﬁ) .

We show in Figure 4 how the ratio of 1 + z and 1 + z vary with redshift z. Their ratio
varies within a factor of two. Thus, it is prudent to assume that virialized parameters are
not significantly different in the two models, considering the approximation we have used.

Now, we are ready to consider the cooling time of the cloud by radiating its kinetic
energy and converting it to thermal energy. The cooling time in terms of cooling function
A(T) is given by [115].

(36)

5 -1
teoot,n = (3) nfxo(j;) =33 Gyrx (&) (10_3121'11_3)
A(T)

(37)
x (m)
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Figure 4. The ratio (1 +z)/(1 + z/) as discussed in the text.

Assuming T is about the same for the two models as discussed above, it becomes
(length dimension of A(T)~L5, therefore it scales as f°) for the CTL model.

L (3 _kfPT _(3Y kT ., on
wobe =\2) wf B3N~ \2) wA(T) — “ur

t n 1+20\°

R = cool,c _n_ c

cool tcool,A ' 1+2z (38)

The ratio of the cooling time in the CTL model and the ACDM model R, as a

function of redshift is shown in Figure 5. The cooling is faster in the CTL model up to

z = 10 and slower at higher redshifts. However, the age advantage of the model greatly
offsets any cooling disadvantage by an order of magnitude.

Rcool

0.5
0.1 1 10 100 1000
z

Figure 5. The ratio of cooling time in the CTL and ACDM models.

Thus, the formation of structures in the CTL model without dark matter can happen
very efficiently due to its age advantage, which starts happening at higher observed
redshifts.

Eddington Luminosity: It plays a vital role in the growth of black holes. We may write it
with or as the Thomson scattering cross-section,

G _cof(2)Gof(2)* .
Lg or - UT,()f(Z)Z f(Z) : (39)

Since f(z > 0) — 3.66, the Eddington luminosity Lg can be up to 13.4 higher in the
CTL cosmology than in the ACDM cosmology. Thus, one may conclude that black holes
can form significantly faster in CTL cosmology. However, since for a luminosity L, the
mass accretion rate M~ Lr/G~f2f/f3 = f0is independent of f and thus unaffected by
the increase in Lr. Nevertheless, because of the vast age advantage at very high redshifts,



Universe 2024, 10, 266

13 of 21

black holes can accrete for up to 100 times longer duration in the CTL cosmology; one does
not need super-Eddington luminosity to form supermassive black holes.

5. Discussion

The new cosmological model (CCC+TL) we have analyzed in this paper has intrinsi-
cally no dark matter or dark energy in contrast to the same in the ACDM model. The critical
energy density in the new model is too small to accommodate anything other than the
baryonic matter density. It was confirmed by fitting the BAO feature in CMB—the sound
horizon angular size; we had to set the whole matter density as baryon density [37]. The
unsuccessful search for dark matter and dark energy over many decades may be considered
favorable to the CCC+TL cosmology, in which accelerated expansion is caused by weakening
coupling constants rather than by the elusive dark energy arising from the cosmological
constant. However, an apparent ubiquitous recourse to dark matter in explaining multiple
astrophysical and cosmological observations may appear difficult to reconcile with the
new model and needs careful evaluation. Yet, as discussed in the introduction above,
many observations are also inconsistent with dark matter and must be revisited using the
CCC+TL model.

The existence of dark matter, necessary in the ACDM cosmology, has been of concern
for a long time; what exactly is it? All types of baryonic matter add up to no more than
about 15% of the ACDM matter density obtained by fitting the SNela data; i.e., 85% of
matter is dark matter. Fitting the CMB temperature anisotropy power spectrum within
the ACDM paradigm also requires about 85% of matter as non-baryonic matter. All the
cosmological models, to our knowledge, that fit SNela data acceptably well require dark
matter e.g., [116-118], except the CCC+TL model. Since cosmology demanded dark matter,
maximum effort was dedicated to explaining astrophysical observations using dark matter;
this is true even today. In addition, particle physicists are trying to predict and detect the
constituents of the dark matter e.g., [43—45].

Therefore, as discussed in the introduction, alternatives to dark matter, such as MOND,
did not have much traction. With the new cosmology that does not require dark matter or
dark energy, dark matter alternatives need to be seriously reconsidered e.g., [59,62,119,120]
Y. When background cosmology is needed in such studies, one should consider using the
CCC+TL model. However, the CCC+TL background is not as straightforward to use as
the ACDM background. One has to carefully re-derive all the equations needed, especially
when time derivatives and time integrals are involved, such as in Christoffel symbols. If
applied inappropriately to a problem, the CCC+TL model will yield disappointing results,
and one may erroneously reject it. One has to also distinguish between the observable
redshift z, which is given by (1 +z) = (14 zx)(1 + z¢), and the scale factora = 1/(1 + zy)
in the new model, not a = 1/(1 + z). Another tricky thing is to determine z, for a given
z keeping again in mind that (1 +z) = (1 + zx)(1 + z¢) and that both the redshifts result
from covering the same cosmological distance (Equations (35)—(44) in [39]).

When we expand the Friedmann equations in the CCC and CCC+TL models, define
the critical density as in the ACDM model, i.e., as 8?,0 = SC%H(%/ 871Gy, and compare
the CCC+TL model with the ACDM model (Table 1), we obtain relative energy density
numbers for the CCC+TL model as (),,0 = 0.04, 4, = 0.64, and Q0,9 = 0.32. We may
thus relate ()4, with the dark energy density () ~0.65 of the ACDM model, and (),
with dark energy interacting with matter, or some form of dark matter, or something
unspecified U, and conclude that dark energy and dark matter in the ACDM cosmology
are manifestations of the varying coupling constants causing the accelerated expansion of
the universe moderated by the tired light effect in the CCC+TL cosmology.

It is worth emphasizing that if we consider the CCC model, which also fits the Pan-
theon+ data as well as the CCC+TL and the ACDM models, the critical density, and thus the
matter density, turns out to be high enough to require the existence of the dark matter, albeit
somewhat less than in the ACDM model. However, this is not so for the CCC+TL model,
which is the only model that reasonably resolves the ‘impossible early galaxy’ problem [39],
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meaning that, somehow, the tired light effect counters the existence of dark matter. Thus,
cosmologically speaking, the tired light effect is equivalent to dark matter!

We will briefly consider the time dilation effect in the CCC and CCC+TL models. Since
light follows null geodesic, Equation (1) for the light emitted at a time f, and detected at

the time £ in a flat universe yields
to dt r
c — = [ dr. 40
of, am = (40)

This expression is the same as for the standard FLRW metric since the time dependence
of the speed of light determined by f(t) cancels out with the time dependence of distance
by the same function. Thus, the time dilation in the CCC model is the same as in the ACDM
model.

It is not so in the CCC+TL model, as only the expanding universe component of the
redshift contributes to the time dilation, i.e., dtcrp ~(1 + zx). Following Lee [121] and
Lewis and Brewer [122], we can write time dilation in terms of the measured redshift z
as 8t~(14z). Writing (1+zy) = (14+2z)" wehave n = In(1+zy)/In(14z) withn = 1
corresponding to the standard time dilation. Since (1 + zy) does not vary linearly with
(14 z), n does not have a fixed values; it varies 0.82 to 0.70 in the CCC+TL model (It is
worth mentioning that the appropriate time dilation was used in Equation (45) of [39] to fit
the redshift vs. distance modulus Pantheon+ data.).

Lee [121] has tried to study the potential variation of the speed of light with redshift
using the time dilation broadening of the supernovae type 1a lighting curves by considering
c(z) = co(142)"4 ie, 6t~(1+2)"""* He obtained b = 0.198 + 0.415 at the 1o
confidence level. With such a large uncertainty and low confidence level, he concluded that
the data used was too sparse to yield a meaningful constraint on the variation of the speed
of light they were studying (different from the CCC approach). The same would be true
for studying the time dilation effect of the tired light, which may also be affected by the
stretching of cosmic time in the CCC+TL model [39].

Lewis and Brewer [122] studied 190 quasars through long-term multi-waveband
monitoring of their emission over two decades and, using Bayesian analysis, determined
n=1-0b/4 = 1.28f8:§g. It contradicts the results of Hawkins [123], who claimed that
time dilation is absent in quasars and stated that it is not possible to estimate time dilation
reliably from quasar light curves.

A better way in our context is to compare the aging rate [121,124], which is the standard
time dilation 1/ (1 + z) for the ACDM model, 1/(1 + zy ) for the CCC+TL model, and no
redshift dependence (constant value unity) for the TL model. Such a comparison against
the backdrop of available measured supernovae data is shown in Figure 6. Due to very
large error bars in the data, we can only exclude TL as an acceptable model.
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Figure 6. Aging rate comparison in three models shown with supernovae data.
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If light curves of the supernovae and quasars could be measured reliably and the
evolution of their shapes without time dilation is also established with significantly reduced
uncertainty, then they could be used to constrain cosmological models.

A critical contribution of dark matter in cosmology is to provide added gravitational
attraction to form baryonic structures within a reasonable time frame. We have shown
that the absence of dark matter in the CCC+TL cosmology is not any deterrent in the
formation of structures; the age advantage of the new model overwhelms its dark matter
disadvantage.

Any new model must faithfully reproduce the CMB power spectrum before it is taken
seriously. However, it is the most challenging task to complete reliably, especially in our
models, since even the metric is modified. At present, all we have shown using the CCC+TL
model [37] is that (a) the model is consistent with the angular size of baryonic acoustic
oscillations in CMB, and (b) the black body spectrum of CMB is preserved. Nevertheless, it
gives us the confidence to put in the effort and resources needed to accomplish the task.
Our effort is continuing with experts in the field to modify existing Boltzmann codes, such
as CLASS [125] and CAMB [126].

The evolution of the blackbody spectrum of photons in the CCC+TL model was
determined in an earlier paper (Equations (19)-(23) of [37]). It was shown that the CMB
emission has the black body spectrum with its intensity scaling as (1 + z;) 3 due to tired
light. Since z; = 0 at present, there is no tired light effect on the measured intensity of the
spectrum.

A significant effort has been put into measuring the variation of the coupling constants
with essentially negative results (e.g., citations 1-30 in [111]). Let us see why we obtain
negative results: As the universe expands, its macroscopic length scale evolves as given
by the scale factor a(t). Similarly, one could expect the length dimension in the constants
to evolve at the microscopic scale as provided by another scale factor represented by the
function f (). Considering then the length dimension in various constants, we can see why
G~f 3 ¢~ f, h~f 2 kg~ f 2 etc., and why dimensionless constants, like the fine structure
constant, do not appear to evolve on the cosmological time scale.

To be specific, we are considering two scaling factors: a(t) for the expansion of the
universe’s space and f(t) for the length dimension of the constants as well as the length
unit itself. Neither a(t) nor f(t) applies to the tired light component of the hybrid model. In
the CCC+TL model, the redshift is mostly due to expanding space, as in the ACDM and the
CCC models. Only a fraction of the redshift is due to the tired light effect of unknown origin
in the CCC+TL model. The ratio of the two redshifts against total redshift was reported
graphically in Figure 6 of [39]. The function f(t) can also be considered as defining a
universal clock having the same value everywhere, irrespective of local conditions. Thus,
there is no change in frequency associated with an energy level transition due to evolving
f(t); the change is only due to a(t); i.e., due only to the expansion of space. Thus, the
frequency change happens only in the CCC component of the CCC+TL model since space
expands only in the CCC model. The TL frequency change is unrelated to f(t) or a(t).

One cannot even measure an evolving dimensionful constant, such as G(t), because
in such measurements, invariably, one keeps the other dimensionful constants to remain
fixed, i.e., constraints f(f) as constant. It automatically constrains the constant selected for
studying its variation to its current value; one cannot measure the variation of a constant
unless all others are allowed to vary simultaneously. The effort should therefore be on
the measurement of f(t) rather than on the variation of a particular constant. The real
challenge is to think of an experiment that can measure the variation of f(t), i.e., f(z).

Next, we need to find a way of isolating and measuring the two redshifts: (1) due
to the expansion of the universe and (2) due to the tired light effect. Wang et al. [127,128]
proposed a method of testing redshift drift, a direct measure of cosmological expansion,
using gravitationally lensed images of distant objects. Multiple images arriving at the same
instant would travel different distances and thus would have left an object at different
times. If a high enough accuracy can be achieved in measuring redshifts, one could
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estimate the redshift difference using any two images, hence the cosmological expansion.
Any observed difference could be due to the redshift drift, the tired light effect, or both.
Another gravitational lensing method uses SNela with a well-defined brightness-peaking
profile or quasars with some brightness fluctuation profile marker [129-131]. Such markers
in their luminosity show up at different times in their images; different path lengths would
mean different contributions to the redshift due to the tired light effect, while the redshift
due to the expansion would be the same in such images. However, the redshift difference
would be too small to be measurable by current technology; for a difference of one year in
the arrival time of two images, the redshift difference is expected to be ~1079.

Finally, we should consider the coincidence problem in the context of the CCC and
CCC+TL models. We can consider it in two ways: (i) These models have no dark energy per
se. So, the coincidence problem becomes meaningless. In the CCC+TL model, there is no
dark matter either since the critical density is too small to accommodate anything but the
baryonic matter. (ii) When we compare these models with the ACDM model, we relate «?
to A/3 and have an ‘unknown’ term involving «. Therefore, the origin of energy densities
corresponding to both terms is the varying coupling constants. So, it is not a surprise that
their values are not too different, meaning again that there is no coincidence problem.

6. Conclusions

We have shown that the CCC+TL model, which nicely fits the Pantheon+ data, amica-
bly resolves the ‘impossible early galaxy’ problem, and adequately reproduces the BAO
features in the galaxy distribution and the cosmic microwave background, eliminatesg the
need for dark matter. We have established that dark energy and dark matter of the standard
ACDM model are not arbitrary, but a reflection of the evolutionary nature of coupling
constants anticipated originally by Dirac in 1937. Also, we have shown that structures
can effectively form in the CCC+TL universe without dark matter due primarily to its age
advantage over the ACDM universe. It remains to be shown how the new model complies
with other observations, such as the CMB anisotropy power spectrum and BBN element
abundances, reproduces various structure formations, and explains the galaxy rotations
curves, gravitational lensing abnormalities, etc. Until then, the new model is just another
alternative cosmological model. Finally, could the U energy density do the job of dark
matter?
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