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Abstract

The two principal contributors to the Hubble tension problem are the predic-
tions of the baryonic acoustic oscillation model and the H,, parameter fit of
the “Tip of the Red Giant Branch” collaboration. In this paper, we show that
the former is neither necessary nor possible and that the latter yields a value
in agreement with the supernovae results when adjustments are made for er-
rors in the peculiar velocity model used to isolate the recession velocities of
galaxies. We also make comparisons between the predictions of our new
model of cosmology and the curve fits of the standard model. For values of
redshift < 1 we find that, with a Hubble constant of H =73, the two agree
almost exactly. We resolve the Hubble constant problem and validate the new
model predictions for small redshifts.

Keywords

Hubble Tension, Expansion of the Universe, Time-Varying Curvature,
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1. Introduction

One of the major problems of cosmology dating back to its beginnings in the
1930s has been to determine the value of the Hubble constant. The tension arises
because the various methods applied to determine its value have yielded differ-
ent values of what, in the end, must be a single number. The various determina-
tions can be broadly separated into those involving measurements of sources
with redshifts less than 6 or so and those known as cosmological determinations
that argue that the CMB anisotropies are a consequence of baryonic acoustic os-
cillations acting on the CMB at the time of recombination when the redshift was

greater than 1000. In between, the universe was filled with a neutral gas that
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emitted no radiation and with no radiation, there is now nothing to observe.

What is known as the Hubble tension problem is that the cosmological deter-
minations return a consensus value of about 67 km™-Mpc™ whereas the mod-
erate redshift methods are converging on a value of 73. (Henceforth, as is com-
monly done, we will omit the units when quoting Hubble values.) In between,
the “Tip of the Red Giant Branch” (TRGB) collaboration, which covers the red-
shift range z <0.007, reports a value of about 69.

In this paper, we resolve the tension problem and conclude that the correct val-
ue is about 73. The bases of this determination are first, that the baryon acoustic
oscillation (BAO) model upon which the cosmological value is based is simply
wrong, and second, that the TRGB group determination is based on too small a
sample set. When the entire set of TRGB data points is included in the analysis and
a proper account of galactic peculiar velocities is taken, the TRGB data return a
Hubble value of about 73 in agreement with the other determinations.

We will begin with a review of the relevant equations for both our new model
of cosmology and the FRW model and then compare both with the relevant da-
ta. What we will show is that our new model’s predictions are in excellent

agreement with the data.

2. New Model Equations

Our new model of cosmology is based on a metric in which the curvature varies

with time,
2h 2
dszz[—1+—r (Ct’f) (l—k(ct)rz)}(cdt)z
a ct) (2-1)
2
+2h(ct,r)(cdt)rdr+a® (ct)(llj(;t)z—i-rzdflzj.
—k(ct)r

In [1], we explain why the scaling is given by the solution of Einstein’s equa-
tions in the limit that » — 0. With the above metric, the equations in that limit

have an exact solution given by
y Vs
| c -
a(ct)=a,e™ (—J e (2-2)
ct

where y, and ¢, are constants. The former was fixed by the energy density of
the CMB at the time of nucleosynthesis and has the value y, =1/2. The latter is
related to the Hubble constant by

a=tH,-7y, (2-3)
and always has a value close to 1/2. For example, with H, =73, ¢, =0.525.

The curvature is given by
k(et) = % 7y (et) (P (ct) + po (ct) (2-4)

where 7, =1/3 and & =81G/c*. The sum of the vacuum energy and pressure

18
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2

2k, (ct

pei (et pler) =7 ((C:))z
0/ h

(2-5)

and combining gives

k(ct) =k, (ﬂjz [MJZ : (2-6)

ct a,

One of the constraints of our model is that the curvature must always have its

maximum possible value which results in a present-day value of

2
k, :y—*z(“—"J —141. (2-7)
4(1-7,) ety

The model predicts a present-day exponential expansion of the scaling and a
time-varying curvature proportional to the sum of the vacuum energy and pres-
sure which varies as ¢72. A critical point is that, in contrast to the standard
model, the exponential expansion is fixed by Einstein’s equations and has noth-
ing to do with a cosmological constant nor does it depend on the matter or radi-
ation content of the universe. It is a kinematic consequence of time-varying cur-
vature and the presence of the vacuum energy density and pressure in the ener-
gy-momentum tensor. The notion of the universe being radiation dominated
during one epoch and matter dominated in another simply does not exist in the
new model. Only one evolution is possible and it is entirely a consequence of the
vacuum.

With the scaling known, we can calculate the relationship between the radial
coordinate and the look-back time. Consider the path of a photon emitted by a
source at ¢, which is later received somewhere else at ¢ . For photons,
ds’ =0 and because there are no off-diagonal components linking time and the
angular coordinates, from the point of view of either the source or the recipient,
dQ =0. The metric becomes a quadratic equation with the solution
a (ct ) dr

,Il—k(ct)rz

The function F(ct,r) is defined in [1] and has the limiting value of

cdr = F(ct,r). (2-8)

F(ct,0)=1. After rearranging and substituting ¢ =17/, , we have the differen-
tial equation,

E: CtO l—k(g)l"z
dé a(cf) F(§,r)

which can be solved using the 4®-order Runge-Kutta method.

(2-9)

With the functional dependence of the radial coordinate known, we can
compute the various quantities of interest. First is the redshift. The derivation is
probably familiar but we will need an intermediate result later so we will run
through the steps. We consider a source that emits a photon at a time z, fol-
lowed by another photon at a time 7, +9, or equivalently, two successive wave

crests of a wave. Sometime later these are received at another location at ¢, and
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t.+9, respectively. For the 1 photon or wave crest, the coordinate distance is
given by
r(t.t,)=[dr=]" ar (2-10)
e dt

A similar integral exists for the 2™ photon. The coordinate distances of the
two are the same since we are assuming that both the source and recipient are at

rest. Expanding, we have
J~t,.+5,. _ t, +J-t,.+§, _ J-t,. _'[te+5(, +J~t,.+5,. _ jt,. ) (2_11)
t,+3, t,+0, f t, t, 0 t

The last equality, which follows from the fact that the coordinate distance is a

constant, gives

(e e (2-12)
e dr dt
Assuming that the deltas are small, we find
59l _5 4 (2-13)
de|, de|,
The redshift is defined by
l4z=2 (2-14)
v

r

If we consider the signal to consist of successive wave crests, the change in the

travel time will vary inversely with the frequency so we have

s dr/di
l+z="L= ) (2-15)
5, dr/di,

The redshift is often spoken of as a Doppler shift but that is not correct be-
cause nothing is moving. It wouldn’t matter except that making that assumption
can lead to errors.

The luminosity distance and modulus are given by

D, =a,(1+z)r(z) (2-16)

and

u=5.0log,, D, (Mpc)+25 (2-17)

and the angular distance by
D,(z)=a, (M}(z). (2-18)

We next consider the proper distance between a source and the recipient of a
signal. The proper distance of some object at any particular moment is just
D, = a(t)r where ris the coordinate distance. What we want, however, is the
proper distance to the source measured along the path of the photon. Since the
proper distance for an incremental coordinate step is a(7)dr, the total along
the path is

DOI: 10.4236/jhepgc.2023.91007

63 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2023.91007

J. C. Botke

D, (z)=fa(t)dr=|" dta(t)% (2-19)

which can be evaluated numerically using the solution of Equation (2-9).
Finally, we will need the recession velocity of the source which is given by the
time rate of change of the proper distance. As we did when calculating the red-

shift, we consider two photons emitted a short time apart.

dr

L= dra(r) (2-20a)
I, = L’*j dza(r)%. (2-20b)

We expand the second integral as before but this time, the distances are not

equal so we end up with

1,+5, dr o5, dr
Al=! dta(t)a— L dea(n)
d d (2-21)
~Sa(t) = -sa(t)=—
dt|, dl,

We now use Equation (2-13). Because we wish to obtain the velocity at the lo-
cation of the receiver, we remove the dependence on ¢, . The velocity of reces-

sion is then

3 =§—f:a(tr)[1_%j%

(2-22)

:a(e)[l a(te)jdr

6 \oalr))dg

a(tr)

0 &

3. Standard Model Approximations

This is a convenient time to point out that some relationships often used in the
standard model are not generally true and are only accurate for small redshifts.
An example often seen is the statement that a(z)/a, =1/(1+z). After substi-
tuting, Equation (2-18) becomes the FRW formula but since the relationship
between the scaling ratio and the redshift is not generally true, neither is
D,(z)=D, (z)/(l + z)2 . The redshift is given by Equation (2-15) and not by the
scaling ratio.

Another example is given by the Hubble law
v,=cz=Hyd . (3-1)

In Figure 1, we show the actual scaling ratio from Equation (2-2) together
with (1+ 2)71 . The actual ratio is shown for three values of the Hubble constant,
H,=70,73,76 (green, red, blue) but the differences are too small to see in the
figure. Comparing, we see that the formula is only accurate for redshifts less
than about z~0.5.

In Figure 2, we show the individual terms making up the Hubble law calcu-
lated using the above equations for the same three values of the Hubble constant.

The left-hand equality of Equation (3-1) is judged by comparing the velocity
curve with the ¢z curve. To assess the right-hand equality, we computed the
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Figure 1. Comparison of actual new model scaling ratio a(z)/ a, with the approxima-

tion (1+z)71
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Figure 2. The terms making up the Hubble law equation.

product of the Hubble constant with first the luminosity distance, then the an-
gular distance, and finally the proper distance. What we see is that Equation
(3-1) is only accurate for redshifts in the range z<0.04 and that by z=0.1,

these equalities are no longer even approximately true.

4. FRW Equations

In this section, we will briefly review the FRW model equations. These equations
can be found in the standard references (see e.g. [2]) but we will repeat them
here so that there is no question about what we mean when we refer to a partic-

ular result.
The second of the FRW Einstein field equations can be written,

_ 1/2
da(t) Q Q _
=H L L+ Q) 1-Q -Q —-Q 4-1
dZ O(Q_(t)+ﬁ2(t)+ /\a (t)+ m r /\j ( )

where @(t)=a(t)/a, and Q, are the usual densities. In terms of the dimen-

sionless time introduced earlier, this becomes

@) (% 0 i o oo )
d—g_tOHO[E(é:)-'—EQ(f)-}_QAa (§)+1 Qm Qr QAJ (4-2)
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We can integrate this equation with the boundary condition @ (& )|z;:1 =1 to
determine the scaling. Rearranging and integrating from some point in the past

up to the present, we have

1o Q, A
da’| = +—+Q,a° +1-Q, -Q -Q =|d&'=1-£.(4-3
tOHO _[a(;) a ( 67' +(l_’2 + /\a + m r /\j J‘éz é é ( )

The LHS is just an ordinary integral which can be evaluated numerically for
any set of densities. To determine @ (&) for any &, we apply Newton’s me-
thod to the function, F(a)=LHS-(1-¢) so a,=a,,—F(a,,)/F'(a,,)

where

-1/2
-1(Q, Q
F'(a,.) ! (—’u r +QAEf_1+1—Qm—Qr—QAJ (4-4)

n-1) = — —2
t,H,\ a a,

n-1 n

By construction, @(1)=1 but in general, the solutions do not satisfy the con-
dition that @(0)=0, and in fact, there is no reason why they should given that
the universe began with Plank dimension uncertainties and inflation. An alter-
nate approach is to specify different values of the scaling and then use the equa-
tion to determine the corresponding lookback time.

In a few special cases, (4-3) can be solved exactly. For example, with Q_ =0
and Q, +Q, =1,

1/3
5(5):[1;%} sinh2/3£sinhl[ &]—3%%@(1—6)}. (4-5)

A 1_QA

This scaling vanishes when the argument of the hyperbolic sine vanishes.
With Q, =0.76 and H, =74, this happens at a value of £=0.0185 or
t=8.0x10"s so even though this is a solution, it obviously doesn’t describe re-
ality.

With the FRW metric, the scaling ratio approximation formula is actually
true,

l+z=a,/a(t). (4-6)

If we substitute this result into Equation (4-3), we obtain a formula for the
lookback time in terms of the redshift,

1 (- dZf

1-t/ty = —— j dz

tyH, " 1+z

3 4 2\71/2
(@, (1+2) +Q,(142) +Q, +0, (1+2)) . @7)

We point out that, while this formula is commonly used, if one tries to nor-
malize this result by integrating to z = oo, we find that infinite numerical preci-
sion is required. More specifically, for any given numerical step size, there is an
upper limit on z beyond which the integral becomes unstable.

Using Equation (4-6), we have

% a, a(t)
d(1+z) = d[a(l)J =720 a(l)dt =—(1+z)H(z)de (4-8)

which will give us a shortcut to the comoving coordinate. Consider now a pho-

ton emitted at a time #and received later at ¢, . With the FRW metric, we have
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©n cdt’ c ¢z dZ’
_ _c 4-8
ARy T H () (4-8)

Substituting (4-6) into (4-1) results in a formula for H (z) which we can
then substitute into (4-8). The result is a formula for the comoving coordinate of
the source as a function of the redshift. With this, we now obtain the luminosity

and angular distances using the usual formulas, D, =a,S((z))(1+z) and
a
D, =a()5((2)) = 5((2)).

With the formulism complete, we can now turn to the Hubble tension prob-

lem.

5. Redshifts Greater than 0.01

In one form or another, the moderate redshift determinations are based on the
use of a standard candle which is a type of source that has a known intrinsic
magnitude. We will first review the type Ia supernovae results. In this method,
after calibration against a local source at a known distance, Equations (2-16) and
(2-17) or their FRW equivalents can be used to determine the distance. The ear-
liest results date back to the 1990s [3]. Since that time, a huge number of obser-
vations have been reported. (See e.g. [4].) Our interest is not so much in exhaus-
tive data fits but with the model predictions. In Figure 3, we show only a limited
set of data points. The blue points are from [3] and the red points are from [5].
In the latter case, the 4 data points with the largest redshifts are shown explicitly
but for the remainder, only the general trend is indicated with the light red band.

We find that the model predictions for the range of Hubble constants indi-
cated are almost indistinguishable. The curves appear to lie slightly below the
Riess data points but agree with the Nielsen points. As a test, we varying
and y, by factors of 2 and found no change in the model predictions. What
this means is that it either agrees with the data or doesn’t because its prediction

cannot be altered.

47 I
Ho="70,73,76 —/®/
45

rd

43

41

39:

Distance Modulus

37

35: >

0.01 0.1 5 1

Figure 3. Luminosity distance modulus with the new model predictions for
H,=70,73,76.
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We now compare with the FRW results. In Figure 4, we show the new model
predictions for two values of the Hubble constant on the left and the FRW pre-
dictions for the same two values on the right.

We see that predictions are similar with the new model exhibiting less varia-
tion with changes in the Hubble constant. In [4], the authors report a value of
H,=73.04+1.04. For that value, the two predicted curves are identical for
z<1.0 as shown in Figure 5. The model predictions do begin to diverge for
larger values of redshift

Since the new model prediction is the same as the FRW prediction in the
range z<1.0, a fit based on the new model will yield the same value of the
Hubble constant as does the FRW model so this stands as a validation of the new
model.

We next consider the approach known as the Z-o method which was pio-
neered by Melnick [6] and others. The method is based on an observed correla-
tion between the luminosity distance of large HII regions or galaxies and the ve-

locity distribution of the width of their Hf emission lines. Recent results using

47
New Model FRW

45

. P

Distance Modulus
-
-

35

i

0.01 0.1 z 1 0.01 0.1 3 1

Figure 4. Model and FRW predictions for H, =70 and H,=76.The FRW parameters are Q =0.3 and
Q,=07.
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Figure 5. New model (red) and FRW (black) predictions for H =73.
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this method are discussed in [7]. One of the advantages of this method is that it
extends the redshift range beyond that achieved with the supernovae approach.
The distance results' are shown in Figure 6. There is some scatter in the larger
redshift data points but this is a new method and it is expected that the errors
will be reduced as more experience is gained.

In that paper, the authors report the value H,=71.7£1.8 which is consis-
tent with the supernovae results. In Figure 7, we show y° results calculated
against the new model prediction. In the upper panel, we included just the
points with redshifts less than 0.4, and in the lower panel, with redshifts greater
than 0.4. In the former case, the minimum is for a value of about 75 but the
standard deviation is large. With the upper points, the curve is flat so no deter-
mination is possible.

The next method is known as the megamaser method [8]. In this case, the

4 1;1]

45 ‘
Pdil

43 /ﬁl

41

o I

37— }ni‘h.#‘}.

35

file |

0.01 0.1 2 1

Distance Modulus

Figure 6. Distance measurements using the Z-o method. The curves are the same two
curves shown in Figure 5.

10
2<04

1
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10
z>0.4

1
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60 65 70 H 75 80 85
0

Figure 7. y’° against the new model prediction for the data points of Figure 6 with the
cutoffs indicated.

!Gonzales-Moran, A.L. (2022) Private Communication.
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angular distance to several galaxies was measured directly using very long base-
line interferometry. This method bypasses uncertainties inherent in the previous
methods because of their dependence on a chain of calibrations to resolve the
distances. The results are shown in Figure 8 along with the new model predic-
tions for the same three values of the Hubble constant.

We see that the measured distances are in very good agreement with the predic-
tions of the new model. The Hubble constant reported in [8] is H, =73.9£3.0
which is in agreement with the previous results. The galaxy in red is NGC 4258
which is commonly used as a calibration galaxy in other studies. The remaining
galaxies have redshifts that coincide with those at the lower end of the superno-
vae’ redshift range.

As part of this work, the velocities of the megamaser components were deter-
mined by first determining the component redshifts from the detected spectral
frequency shifts and then applying the rule, v=cz. The recession velocities
were afterward determined by averaging the component velocities. In Figure 9,
we compare these recession velocities with Equation (2-22) and find a close
match.

In this case, the use of v=cz is justified but the galaxy at the largest redshift
is approaching the limit.

6. Redshifts between 0.001 and 0.01

We will now consider the redshift range, 0.001<z<0.01. For redshifts larger

100

Megamaser
120

O
(=]

=
=)
\ W

0“_"’//&

0.001 0.01 z 0.1

w
(=]

Angular Distance (Mpc)

Figure 8. Megamaser angular distance results.
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2.4)(103 //
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Figure 9. Megamaser recession velocities compared with the new model prediction, Equ-
ation (2-22).
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than 0.01, the peculiar velocities of the galaxies are relatively small in compari-
son with the recession velocity so we obtain the expansion redshifts directly. For
redshifts below 0.01, this is no longer the case. As we move to smaller distances,
the peculiar velocities can become as large or even larger than the recession ve-
locities and, unfortunately, observations alone cannot separate the two.

To separate the two, a statistical model has been under development for the
past 2 decades that estimates the recession velocity field in a probabilistic sense,
see e.g. [9]. The assumption is made that the peculiar velocities are a result of
variations in the gravitational field due to the local distribution of matter (which
might not be entirely true.) It is also assumed that the galaxy velocity distribu-
tions are Gaussian. The overriding issue with this approach is that it is statistical
rather than deterministic and so it is inevitable that there will be errors in the
velocity predictions. In what follows, we will show that for redshifts at the lower
end of the range we are considering, there seems to be a systematic bias that re-
sults in an underestimation of the recession velocities for some regions of the
local universe.

The results shown in the remainder of this section are based on data taken
from the Extragalactic Distance Database (EDD or NED) [10]. This site also
contains two implementations of the recession velocity estimation model.

As a preliminary exercise, we randomly selected a list of galaxies with o0b-
served redshifts in the range 0.003<z<0.01 from the “Cosmicflows-3 Dis-
tances” database contained in the EDD. The result is shown in Figure 10.

The curves shown are the new model predictions; the FRW predictions are
similar. For each of these galaxies, we then calculated their probabilistic reces-
sion velocity using one or the other of two tools available on the opening page of
the EDD. The result is shown in Figure 11.

These results give us an inkling of a problem with the flow field model. If the
model were perfect, all the data points would lie along a line parallel to the pre-
dicted curves. That is generally the case at the upper end of the redshift range
but there is perhaps a systematic deviation for smaller redshifts. In Figure 12, we
show two x” results. The upper (red) curve was calculated with all the galaxies
included and the lower curve (green) with only those with redshifts z > 0.006.

The curves are normalized by the value of the upper curve at the left boundary

w
ES

= T4

!

w
N

w
S

N
-

Luminosity Distance Modulus

0.001 z 0.01

Figure 10. Randomly selected galaxies in the redshift range 0.003<z<0.01.
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Figure 11. Galaxies from Figure 9 after correcting for peculiar velocities.
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Figure 12. Normalized y” curves for the galaxy distribution of Figure 10.

of the chart. We are only interested in the shape of the curves so this does not
cause a problem. We immediately see that the full set of galaxies indicates a
Hubble constant in the low 60 s but when we limit the list to those with
z20.006, we find a value of H;~73. We could include additional galaxies
(there are more than 17,000 entries in the database) but we would not learn
much more than we now know. The flow field velocity model seems to give rea-
sonable results for z>0.006 but for smaller redshifts, its accuracy appears to
deteriorate.

We will next discuss TRGB results which constitute the midrange portion of
the Hubble tension problem. Refer to e.g. [11] for a review of the method. The
method is based on the use of a specific group of red giant stars as a standard
candle and as far as determining distances, the method works well. The group
then goes on to predict the Hubble constant and there they run into problems.
Their result is H, =69.8+ 0.6(stat)i 1.6(sys). The problem with this determi-
nation is that it is based on a total of only 18 galaxies which is an extremely small
fraction of the total of 558 galaxies in the TRGB database. We first show in Fig-
ure 13 our results for the list of galaxies used to determine the Hubble constant
in [11] that lie within the redshift range we have been discussing. The galaxies

are plotted according to their observed redshifts in green and, after adjustment,
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in blue.

We see the same problem we encountered earlier, namely that the flow field
values do not line up along a line parallel to the predictions. In this case, we ob-
tained the distances and redshifts using values from the CMBs/TRGB database
together with the flow velocity tools but for some reason, our redshift values do
not agree with those listed in [11]. The differences are shown in Figure 14.

In Figure 15, we show the »” results. Our determination is shown in green

w
IS

w
[ %]

w
(=]

~
-]

Luminosity Distance Modulus

0.001 z 0.01

Figure 13. Distribution of the galaxies used in [11] for their determination of the Hubble
constant. The galaxy positions shown in green were plotted using the observed redshift
and those shown in blue were plotted using the flow field model redshifts.

w
'S

w
N

[
S

N
-]

Luminosity Distance Modulus

0.001 z 0.01

Figure 14. Our determinations of the corrected redshifts for the selected galaxies are
shown in blue and those reported in [11] are shown in red.
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Figure 15. 4’ results for the two data sets shown in Figure 14. Our result is shown in
green and the result obtain using the values from [11] is shown in blue.
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and the result using the values from [11] is shown in blue.

We see that both data sets from Figure 14 indicate a Hubble constant well
below 70. From such a small sample of galaxies, it isn’t possible to firmly rule out
the value of the Hubble constant reported in [11] so the next step is to include
the entire list of TRGB galaxies. We first listed all the 558 entries in the
CMDs/TRGB database. Next, because the TRGB database does not contain ei-
ther the redshift or the observed velocity, we linked the TRGB database to both
the LEDA and the Kourkchi-Tully (KT) redshift catalogs to determine the ob-
served velocities (“v3k”). We then restricted the list to those with observed red-
shifts in the range z >0.001. Finally, by hand, we added the 4 galaxies used in
[11] that have blank distance modulus values in the TRGB database. The final
count was then 291. The result is shown in Figure 16.

The next (rather tedious) task was to determine the flow field model redshifts
for the entire set of galaxies. The results are shown in Figure 17.

To get an idea of the size of the flow field model corrections, in Table 1, we
show the distribution of the ratio, z, / z,,, for the data set shown in Figure 17.

We see that the peculiar velocity can be almost 3 times as large as the reces-
sion velocity and that the most common value is about 1/2 the recession velocity
which supports our earlier statement that the peculiar velocities are large for ga-
laxies in this range of redshifts.

Referring back to Figure 17, we see that a large percentage of the points lie

along the predicted curves indicating that the flow field model is working
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Figure 16. Galaxies from the TRGB database as described in the text. The galaxy shown
in red is NGC4258 which is often used as a calibration point.
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Figure 17. The set of galaxies from Figure 16 plotted using the flow field model redshifts.
For comparison, we show the FRW model prediction curves instead of the new model
curves. The black line is explained in the text.
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reasonably well for those cases but there are also a considerable number of ga-
laxies with recession velocities that are far too small as indicated by the points
lying above the predicted curves. Remember that the points move horizontally
with a change of redshift so all the points lying above the predicted curves would
need to move to the right to correspond to the model predictions.

The »° shown in the upper panel of Figure 18 for the full set of data points
indicates a Hubble constant of H, ~66-67. To assess the importance of the
outliers, we introduced a cutoff as shown in black in Figure 17. With the galax-
ies lying above that line removed, the »° shown in the lower panel indicates a
value of H; =73 -74. We find that the low value obtained from the full data set
is solely a consequence of errors in the flow field model predictions and when
allowances are made for what appear to be systematic errors, the full TRGB data
set supports a value of H; =73 in agreement with the larger redshift determi-

nations.

Table 1. Distribution of the (flow field velocity)/(observed velocity) ratio.

Range Count Range Count
24-28 2 0.8-1.0 42
22-24 2 0.6-0.8 65
2.0-2.2 1 0.4-0.6 84
1.8-2.0 2 0.2-0.4 8
1.6-1.8 6 0-0.2 0
14-1.6 6
12-14 13
1.0-1.2 13
10
1 [ I
12
0.1
10
l ——
0.1
60 65 70 75 80 85
Hy

Figure 18. y° results for the dataset of Figure 17. The result for the full set is shown in
the upper panel and the result with the galaxies above the cutoff line removed is shown in
the lower panel.
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7. Baryonic Acoustic Oscillations

In this section, we will show that baryonic acoustic oscillations are neither ne-
cessary nor possible and that the phenomena that they are supposed to explain
are quite natural and unavoidable consequences of our new model of cosmology.
The two phenomena in question are the anisotropy of the CMB spectrum and
the bump in the galactic two-point correlation function at a separation of 150
Mpc. We will first give two arguments to show that the BAO model just doesn’t
work and then show that the new model does account for both phenomena.

The BAO model does not make any attempt to explain the origin of either the
baryonic matter of the universe or the radiation making up the CMB. Instead,
those are taken as given. The model then supposes that, however the radiation
came into existence, it was uniformly distributed throughout the universe and in
need of some agent to create the observed anisotropies. With this premise, the
BAO model is already wrong because it ignores the fact that the anisotropies
could have been introduced at the time the radiation came into existence which
is precisely what did happen according to our new model of nucleosynthesis.
Nevertheless, we will carry on to show that the BAO idea is impossible.

The first problem is causality. We show in [1] that superclusters have the right
size to account for the first peak of the CMB spectrum. Later we realized the su-
perclusters were not responsible for the CMB as we first thought but instead, the
process that created the superclusters at the time of nucleosynthesis simulta-
neously created the CMB complete with its anisotropies that had the same di-
mensions as the superclusters. The present-day sizes of the superclusters thus

give us a reference dimension. At ¢ =7, the average size of a supercluster was

rec
[, (tm ) =4.0x10" m and the scaling was a (tm ) =4.0x10" m . The coordinate
size of an average supercluster is then r =1/ (7. )/ a(t,.)=0.01 which is a
value that doesn’t change with time because superclusters are too large for their
dimensions to evolve. In Figure 19, we show the coordinate path, calculated by
integrating Equation (2-9), of a photon emitted at the time of nucleosynthesis
from one end of a supercluster, From the figure, we find that by the time of re-
combination, the photon has only traveled about 10% of the dimension of the
supercluster which rules out the possibility that an acoustic wave could traverse
the full dimension of a supercluster in the same period. There are other compar-

isons we could make but they all amount to the same thing. Superclusters, and

o 0.012 7
= Supercluster-__ /|
2 0.009 -
g //
S 0.006 :
Q 8
= Flat space ~/
= 0.003 New model =—Z
é | _ /’rec

° 3 6 9 = 12

1 10 10 £(s) 10 10

Figure 19. Radial coordinate of a photon emitted at the time of nucleosynthesis. The red
curve is the new model result and the blue curve is the flat universe result. The black ho-
rizontal line r,, =0.01 is the constant coordinate dimension of an average supercluster.
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hence the width of the first peak of the CMB spectrum, are too large to be the
consequence of any causal process.

We will next consider the energy requirements. The energy density of black-
body radiation is given by p,, =ay,T* where ag =7.5657x107'°j-m™ - K™.
At present, the variance of the CMB spectrum has a peak value of AT, =200 pK
)

AT,
—2=2x10". (7-1)

0
Earlier, at the time of recombination, the variance ratio was the same but the

temperature was then 7,

ec

=3000 K. The energy density of the anisotropies is
easily calculated,

Par = dsp ((T+ AT) - T4) ~dagT" % =49x10° j-m>.  (7-2)

Next, we assume that the expanding acoustic wave had a radius on the order
of 1/2 the dimension of a supercluster so the volume was on the order of
v =4n(l,/2) Al . If we now assume a thickness equal to 10% of the radius, we

find that ¥ =1x10*m’ so the total energy required is
E, . =49x10"]. (7-3)

total

The BAO model assumes that this energy originated in a concentrated source
whose size at the time of nucleosynthesis could not have been greater than
Iy =ct,. Since t, ~107s, the volume of the source could not have been greater
than 7, ~4.2x10” m’ which implies an energy density of p; =1.2x10* j-m™.
But the total vacuum energy density at that time, which constituted the entire
energy of the universe, was just p,, =3.6x10™ j-m~ so the energy needed by
the BAO to account for the CMB anisotropies was 10'* times greater than the
total energy density of the universe. This is even more of a problem when one
considers that the BAO model assumes that the energy results from a small per-
turbation on a radiation field that, at the time of nucleosynthesis, had an energy
density of p,,,; =2.6x10" j-m~ . While this estimation is simplistic, the dis-
parity is so large that the conclusion is unavoidable. The BAO cannot possibly
account for the CMB anisotropy spectrum and it immediately follows that the
BAO model cannot be used to place bounds on the Hubble constant.

We can go even further to show that no event at the time of nucleosynthesis
can yield such a bound. Referring back to Equation (2-2), the Hubble constant
enters the equation via the constant ¢, but at 7=¢

rec?

the exponential has the
value

ot
G —6
ecto — el><]0 =1 (7_4)
which means that the scaling is purely power-law during that epoch. The present-
day Hubble constant does not become significant until the point is reached when
the exponential acceleration of the expansion begins to become a factor and that

didn’t happen until shortly before the time of galaxy formation [1].
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In the new model of cosmology, the existence of matter is a consequence of a
small percentage of the vacuum energy being converted into neutron/antineutron
pairs with a very small excess of neutrons. Most of the pair underwent annihila-
tion into photons, electrons, and neutrinos with the photons eventually becom-
ing the CMB. The CMB anisotropies were an unavoidable consequence of this
process and hence the spectrum was built in at the beginning. The details are
given in [12].

We now turn to the second phenomenon attributed to BAO, namely the
bump in the two-point correlation function at a separation of 150 Mpc. Since the
BAO are impossible on a scale necessary to account for the large-scale features in
question, there must be another explanation and the explanation is obvious; it is
the cosmic web.

To demonstrate that this is the case, we created a simple numerical model of
the cosmic web. We started with a cubic grid in which all the edges had lengths
equal to the average size of a supercluster. Then, using Gaussian statistics, we
offset each edge connection point in a random direction by a random amount
scaled by the known distribution of supercluster sizes shown in [1]. We then
added a random number of galaxies along each adjusted edge with each galaxy
given a random offset in both direction and magnitude scaled by the average
width of a cosmic web filament. To minimize edge effects, we made the grid sig-
nificantly larger than the maximum correlation distance of interest. We then
trimmed the list of galaxies to those that lay within an assumed maximum dis-
tance of each of the reference galaxies attached to the center edge line of the grid.
The average present-day size of superclusters is about 4.4x10** m =143 Mpc
and, as shown in [1], the supercluster size distribution is Gaussian with a relative
standard deviation of about 0.27. Since we adjusted both ends of each edge, we
used a value of 0.14 when randomizing the endpoints of each edge.

We then calculated the correlation function using the formula [13],

N ()

2

1 i
Ni:l nV, (r) '

1+&(r) = (7-5)

In this formula, the number of reference galaxies is given by Nand 7 is the
average density of all the galaxies. N,(r) is the number of galaxies lying within
a spherical shell of radius r and volume, V;(r) centered on the jth reference
galaxy. The ratio compares the actual number in each shell with the number ex-
pected based on the average density of the galaxies. If the galaxies were distri-
buted randomly, we would have & (r) =0.

We ran the simulation multiple times with different sets of random numbers.
The number of galaxies along each leg varied randomly between 20 and 30 with
a relative position variance of 0.2. In Figure 20, we show the results for 10 runs.

The result compares favorably with the shape of the observed correlation
function shown in, for example, [14] and the peak is at the right distance.

To summarize, we have shown that the BAO model is simply wrong and neither
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Figure 20. Randomized cubic grid model of cosmic web two-point galaxy correlation
function.

is it necessary. The CMB anisotropy spectrum is an unavoidable outcome of the
new model of nucleosynthesis and the two-point correlations are simply a reflec-
tion of the cosmic web.

With the elimination of the BAO model, the Hubble tension problem ceases

to exist.

8. Solar System Expansion

Another approach to the Hubble problem that completely bypasses the peculiar
velocity issue is based on the fact that, in addition to whatever other accelera-
tions are at play, all structures are subject to the expansion of the universe. In
some cases, such as with stars, the expansion does not result in any detectable
change of dimension because the combined attractive and repulsive forces acting
on the star result in an equilibrium that completely overrides the expansion.
This condition does not exist, however, for more loosely bound systems such as
the orbits of planets or moons. In these cases, the expansion results in a slow in-
crease in the distances between orbiting bodies.

Measuring the rate of expansion of the planets and moons with sufficient ac-
curacy is now feasible in many cases with the prime example being the Earth’s
moon. Data accumulated during the past 70 years has now fixed its annual re-
cession rate at a value of 3.83 + 0.009 cm-yr™' [15] [16]. Calculating the portion
of the recession due to the expansion is not difficult as we will show below. The
problem, and it is a big one, is accurately accounting for all the other forces that
act on the body in question. In the case of the Moon, tidal forces dominate and
their calculation involves the motion of the oceans, continental drift, the shifting
of the ice pack, the motion of Earth’s core, and so on. To place a bound on the
Hubble constant, all these contributions must be known with a combined error
of no more than 2%.

The advantage of this approach, on the other hand, is that if all the other
problems can be solved, the portion of the recession due to the expansion is di-
rectly proportional to the Hubble constant and is easy to calculate. Any distance

can be written as the product of the coordinate distance multiplied by the scaling
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so the Earth-Moon distance, for example, varies according to

alt
R0 =r(o)a() =7 (2. et

4
The coordinate distance r(7) has no units. The variable 7(¢)=r(¢)a,
with the units of length is the actual present-day Earth-Moon distance. The vari-
ation of the coordinate distance is a consequence of the tidal, etc., forces. To de-
termine the portion of the recession that is a consequence of just the expansion,

we hold the coordinate distance constant and find

R(t+Ar)=R(1, )(1 + alt) At} =R(t,)(1+ H,At) . (8-2)
a(t,)

Putting in numbers, with H, =73 we find v,, =2.84 cm/yr.

We can just as easily calculate the change in the recession rate over time. With
the coordinate distance again held constant, the velocity is given by
v, (1)=R(t,)a (t)/a(to) . The age of the Moon is on the order of 4 billion years
which corresponds to a time ratio of 0.7. In Figure 21, we show the results for
the same three values of H,.

We see that the recession rate has not changed much during the lifespan of
the Moon but the increasing spread between the curves shows that the rate is
more sensitive to the value of H, at present than it was in the past. The im-
portance of this result is that it shows that the calculated expansion does not
imply some impossibility such as a requirement that the Moon be inside the
Earth at some point in the past.

There are many papers to be found on the internet for those interested in fol-

lowing this further.

9. Conclusions

In this paper, we have shown that the BAO model is wrong so its prediction of
the Hubble constant can be dismissed. We also showed that after making ad-
justments for errors in the statistical peculiar velocity model, the TRGB data
points support a value of H, =73. Since these two were the principal sources of
the Hubble tension, their removal or correction resolves the Hubble tension
problem.

We also made comparisons between the predictions of the new model and the

Present-day total recession rate

(cm yr)
S R N W A

Recession Velocity

.0 0.9 o 0.8 0.7

Figure 21. The portion of the lunar recession due to the expansion of the universe.
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parameter fits of the ACDM model and found that the new model prediction
with H, =73 matches the latter almost exactly in the redshift range z<1
which is a validation of the new model. For larger redshifts, there are differences
between the models but there do not exist sufficient data at present to make a

judgment about which is closer to reality.
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