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Abstract

In this work, a computer optimization model has been developed that allows
one to load the initial data of observations of supernovae la into a table and,
in simple steps, by searching for the best fit between observations and theory,
obtain the values of the parameters of cosmological models. The optimization
is carried out assuming that the absolute magnitude of supernovae is not
constant, but evolves with time. It is assumed that the dependence of the ab-
solute magnitude on the redshift is linear: M =M (z=0)+¢,z, where &,
is the evolution coefficient of the absolute magnitude of type la supernovae.
In the case of a flat universe (Q,, +Q, =1), the best fit between theory and
observation is ¢, =0.304. In this case, for the cosmological parameters we
obtain Q, =0.000, €, =1.000. Naturally, this result exactly coincides
with the simulation result for the model with zero cosmological constant
(e.=0.304, g, =0.500). Within the framework of the ACDM model, with-
out restriction on space curvature (Q, +Q, +Q, =1), we obtain the fol-
lowing values: &, =0.304, Q, =0.000, Q, =1.000, Q, =0.000. Those,
this case also leads to a flat model of the Universe (€, =0.000). In this
work, the critical influence of the absolute magnitude A of type la superno-
vae on the cosmological parameters is also shown. In particular, it was found
that a change in this value by only 0.4" (from —19.11 to —18.71) leads to a
change in the parameters from Q, =0.7 and Q,, =03 to Q, =0 and
Q, =1.

Keywords

Supernovae SNela, Cosmological Parameters, Cosmology, Acceleration

DOI: 10.4236/ijaa.2023.132003 May 11, 2023 39

International Journal of Astronomy and Astrophysics


https://www.scirp.org/journal/ijaa
https://doi.org/10.4236/ijaa.2023.132003
https://www.scirp.org/
https://doi.org/10.4236/ijaa.2023.132003
http://creativecommons.org/licenses/by/4.0/

A. P. Mahtessian et al.

1. Introduction

It is believed that a type la supernova is formed when a white dwarf captures
matter from its neighbor in a binary system, as a result of which its mass in-
creases to a possible limit—the Chandrasekhar limit, when already degraded
electrons cannot resist gravitational pressure and the star passes into an unstable
stage. An increase in the temperature and density of the star makes it possible
for carbon and oxygen to be converted into **Ni, which is accompanied by a
thermonuclear explosion [1]. The brightness of the star increases so much that
sometimes it exceeds the brightness of the host galaxy, and it can be seen for
several thousand megaparsecs. The mass of the exploded star is always near the
Chandrasekhar limit, so in the case of such explosions the absolute magnitude
can vary within small limits. This allows these stars to be used as distance indi-
cators [2].

This feature of type la supernovae makes it possible to study the behavior of
the Universe at considerable distances and evaluate the validity of one or anoth-
er cosmological model.

At the beginning of the 20th century, Hubble obtained a very interesting result,
which led to the conclusion that galaxies are moving away from us, and the
speed of receding is directly proportional to the distance from us. Hubble’s work
is based on the fact discovered by Slipher, that the spectral lines in the spectra of
galaxies are shifted towards the long wavelength [3]. Hubble found that this shift
increases with increasing distances to galaxies [4]. Another method for deter-

mining distance is based on the modulus of distance.

M =m-51gD, -25, (1)

where m is the apparent magnitude, A is the absolute magnitude, D, is the Lu-
minosity distance. When calculating the distance using this method, it is neces-
sary to accurately estimate the value of the apparent magnitude of the object
(take into account the galactic extinction, K-correction, spectral region, etc.).
The absolute magnitude should be known either from theoretical approaches
(for example, for type la supernova stars) or from empirical relationships (for
example, in the case of Cepheids).

[5] and [6], in order to study the properties of the universe, made two as-
sumptions:

1) Assume that type la supernovae are indicators of distances, that is, their
absolute magnitudes can be considered constant.

2) That the Friedman-Robertson-Walker (FRW) cosmological model, for the
case of a flat universe, accurately describes the Universe.

Taking into account quite accurately the phenomena that can influence the
result, they calculated the apparent stellar magnitudes, and compared them with
the values obtained from the cosmological model. It turned out that the apparent
brightnesses were weaker than those obtained from the theory, that is, these ob-

jects are further away than they would be, based on Hubble’s law. This led to the
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idea that the universe is expanding at an accelerating rate. In this regard, the idea
of “dark energy” was introduced.

To avoid the idea of dark energy, various attempts have been made to explain
the discrepancy between the theoretical and observed supernova luminosities by
other phenomena. Let’s list some of them.

1) The weakening of the apparent magnitude of a star occurs due to the ab-
sorption or scattering of light by matter in the path of light.

2) There is an evolution in the luminosity of a white dwarf, depending on the
chemical composition of the host galaxy over time.

3) Gravity lenses.

4) The reason is the uneven distribution of matter in the Universe.

5) It is assumed that there are two types of supernovae la in nature. The
second type is not numerous and is formed from the merger of two white dwarfs.
As a result of the merger, the mass of the exploding star is no longer fixed.

6) Observational errors may also increase due to the fact that the brightness
curves of various supernovae are recorded under different conditions (on Earth
and in space).

The degree of influence of these phenomena has been discussed in various
studies, showing that many of these inaccuracies cannot be considered satisfac-
tory for refuting the results obtained by [5] and [6]. They can be found in [7].

However, in our opinion, there are two observational facts that cannot be ig-
nored.

First, this is a rather large width of the distribution of the absolute magnitudes
of type la supernovae (Figure 1). This issue was studied in the article by [8]. The
average absolute magnitude of 115 studied stars was obtained
(M,)=-19.04+0.07, standard deviation oM, =0.70. 89 of them have late
host galaxies (Sa-Irr or star-forming galaxies, $-F), for which (M B) =-19.20£0.05,
oM, =0.49, and 26 have early host galaxies (£-SO or passive galaxies), respec-
tively (M,)=-18.48+0.19, oM, =0.98.

Such large standard deviations in the absolute magnitude distributions of type
la supernovae allow us to conclude that when estimating the values of cosmo-
logical parameters, it is wrong to take as a basis the absolute magnitude deter-
mined by several stars. In [9] (Paper I) showed that in this case the obtained
cosmological parameters lead to a violation of the initial assumption that the
absolute magnitudes of type la supernovae do not change with distance. This vi-
olation disappears when the absolute magnitude of supernovae is estimated in
the course of estimating the cosmological parameters. Thus, when estimating
cosmological parameters, the absolute magnitude of supernovae should also be
an estimated parameter. The absence of such an approach can be considered a
shortcoming in the works of other authors related to this topic. Note that this
approach also improves the fit between the observational data and the theory.
Assuming that the absolute magnitude of supernovae is constant with distance,

we get that the share of dark energy in a flat universe does not exceed 50%. In [9]
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Figure 1. Distribution of absolute magnitudes of 115 type la supernovae. Graph copied
from [8].

also obtained another important result that the cosmological model with zero
cosmological parameter describes the universe no worse than the Friedmann-
Robertson Walker model.

Second, the correlation between the absolute magnitude of supernovae and
the age of the stellar population of host galaxies indicates that there is an evolu-
tion in the absolute magnitude of supernovae [10]. It is known that the absolute
magnitude of type la supernovae correlates with the characteristics of the host
galaxy. For example, in [11] found a systematic difference in the absolute mag-
nitude of supernovae of ~0.14 magnitude between very early and very late galax-
ies. [12] and [13] found that SNela in less massive galaxies (by a factor of 10) by
~0.08 magnitudes are weaker than in more massive galaxies. [14] showed that
SNela in environments with local star formation (higher local SFR) is about 0.16
magnitude weaker than in locally passive environments (lower local SFR). [10]
noted features of the host galaxies (morphology, mass and local SFR) were con-
verted to age differences with methods known in the literature. Table 1 is taken
from [10]. The table shows the correlation of the absolute magnitude of super-
novae la with the properties of the parent galaxies. The last column of Table 1
shows the estimated absolute magnitude evolution over 5.3 Gyr, which corres-

ponds to the difference in age at z=0 and z=1 (see [10], for each of the
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Table 1. Correlation of the absolute magnitude of supernovae la with the properties of
host galaxies [10].

Host Original Direction Converted to
References . .
Property Correlation Age difference
AHR/Amorph Fainter in ~0.19 mag/5.3Gyr
Morphology [11] =0.14 mag/ Later type Fainter in
(Scd/Irr-E/SO0) galaxy Younger galaxy
AHR/Amass Fainter in ~0.21 mag/5.3Gyr
Mass [12] =0.08 mag/ Less Fainter in

(AlogM.~1) massive galaxy  Younger galaxy

AHR/AlocalSFR . .
Fainter in ~0.34 mag/5.3Gyr
=0.16 mag/ . . .
Local SFR [14] Higher SFR Fainter in
(AlogLsSFRstep : ¢ v 1
~2yrkpe?) environments ounger galaxy
Population AHR/Aage Fainter in ~0.27 r.nag/5..3Gyr
A [10] =0.051 mag/Gyr Younger Fainter in
& (YEPS) galaxy Younger galaxy

four different studies. The average of these values is ~0.25 mag/5.3Gyr. In this
range of redshifts, the observed decrease in supernova brightness in the Hubble
diagram is approximately comparable to this value (see, for example, [5]. And so,
this effect may be associated with the evolution of the luminosity of supernovae
and has nothing to do with the accelerated receding of distant supernovae.

Thus, when estimating the cosmological parameters, it is also important to es-
timate the possible evolution of the absolute magnitudes of supernovae. In this
article, we study models of the universe under the assumption of the existence of
an evolution of the luminosities of type la supernovae and try to find those val-
ues of the cosmological parameters for which there will be the best fit between

theory and observation.

2. Theory

In this paper, we will discuss two models: the ACDM model used by [5] and [6]
for the case of a flat universe, and the model with a zero cosmological constant,
which was widely used before these works (until 1999). The first model assumes
the existence of dark energy; in the second model, such a hypothesis is not ne-
cessary.

In the case of the ACDM model, the dependence of the luminosity distance on
redshift is given by the following formula:

D, (z,9Q,,.9,,9;)

ul Lo 5@
= CH,' (1+2)|Q] 2 sinn{|QK|2 ;@[ (142 (1+Qy2)-2(2+2)0, | 2}

where zis the redshift of the object. H is the Hubble constant. Q, is related

to the curvature of space and in the case of flat universe it is 0 [15]:
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Q,=1-Q,, -Q,, sinn=sinh,when Q, >0 and sinn=sin,when Q, <0.

In the case of Q, =0, we will have:

DL(z,QM,QA):%-:Z)J:dZ[(I+z)Z(1+QMZ)—Z(2+Z)QA]_2 (3)
DLZEXliEZKdZK1+zf(%,+QAT%

H,

If we assume that Q, =1,and Q,, =0, we will have 7]

D, (z)=H£(2+z2) (4)

0
If O, =0,and Q,, =1, we have
_2C

D, (z) _;0[(1”)_\/1”] (5)

It should be noted that in 1998, prior to the work of [5] and [6] commonly

used the equations of general relativity (GR) with zero cosmological constant

(A =0). Using this model, [16] integrated these equations exactly and obtained
the luminosity distance as a function of redshift.

D, (z,qo):%[qoz+(qo—1)(1/1+2qoz—1ﬂ (6)

090
where ¢, isthe deceleration parameter, in this case:

Q
w7

(6) with g, =0.5 coinciding with (5).

For the luminosity distance in the case of a flat universe we will use Formula
(3), for the luminosity distance in the model with zero cosmological constant
(A =0) we will use Formula (6).

We will also discuss the general case (2) with nonzero space curvature. We
also assume that the dependence of the absolute magnitude of the supernova on
z is linear. Then we can assume M_ =M +¢,z and Formula (1) can be written

as follows:

M,+¢,z=m-5logD, —25 (7)

where M, is the absolute magnitude of the supernova at z=0 (M, =M (z=0)),
g, 1is the evolution coefficient of the absolute magnitude.

c

3. Procedure

Our approach was as follows: to develop a computer model where one can load
the observed data of supernovae la and easily obtain cosmological parameters by
achieving the best fit of observations with theory. As the search variables of the
computer model, both the cosmological parameters of the Friedmann-Robertson-

Walker model Q,, Q,, , Q, and the parameters M, and &, were used.
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The value of the Hubble constant H|, is assumed to be 72.305. Solutions were
sought in the ranges of variables:
0<Q,, <1,
0<Q, <1,
0<Q, <1,
-19.5< M, <-18,

-1<¢g <1,

under the condition of a flat universe (Q,, +Q, =1) and without it

(Q,, +Q, +Q; =1). A model with a zero cosmological constant is also investi-
gated, in which the search parameters are ¢,, M, and &, . The solution was
searched in the ranges:

0<gq,<0.5,
~19.5< M, <-18,

-1<¢ <1I.

¢

Solver Excell, Macroses and SciDAVIs were used as optimization decision

tools.

4. Sample

For the study, we use a subsample from SNela “Union2” [17]. The sample con-
sists of 719 supernovae identified in 17 papers [5] [6] [17]-[31]. Following sever-
al principles, the authors [17] cleared the sample and retained 557 supernovae
for further study. We will also use the observational material of these 557 stars
without making any changes.

5. Results

We analyze the Hubble diagram and find those values of the parameters present
in the discussed model of the universe, which provide the best fit between the
model and observation. On the Hubble diagram, the theoretical curve can be

represented by the following relationship:
B! (2,9,,9,,Q,)=M,+e.z+5logD, (2,Q,,,Q,,Q, )+25 (8)

mag
for the Friedmann-Robertson-Walker model, or

B! (z,9,)=M,+¢&.z+5logD, (z,q,)+25 9)

mag

for the model with zero cosmological constant.

We need to find those values of the parameters Q,,, Q,, Q,, M,, &, in

c

the first case and ¢,, M,, &,  in the second case, so that the sum of squares
(Bnbs _Brh

mag

(z)) would be minimal:

Chi* = Z(Babs -B" (z))2 = min.

mag

For the luminosity distance D, we use Formulas (2) and (3) for the Fried-

mann-Robertson-Walker model and Formula (6) for the model with zero cos-
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mological constant. We will investigate the following cases:

1) The flat universe of Friedmann-Robertson-Walker (Q, +Q,, =1). We will
look for ©Q,, Q,, and M,, &, for the best fit between theory and observa-
tion. We will discuss two cases:

a) There is no evolution of the absolute magnitudes of supernovae (&, =0)
and

b) There is an evolution of the absolute magnitudes of supernovae (&, #0).

2) Friedmann-Robertson-Walker universe without restriction on space cur-
vature (Q, +Q,, +Q, =1). We will look for Q,,Q,,,Q,, and M, for the
best fit between theory and observation. We will also discuss two cases:

a) ¢ =0 and

b) & #0.

3) Universe with zero cosmological constant. We will look for ¢, and M,

For the best fit between theory and observation. We will also discuss two cas-
es:

a) ¢ =0 and

b) & #0.

All cases are tested by the “absolute magnitude test” we proposed in Paper 1.

5.1.The Case Q,=0, Q, +Q, =1, ¢,=0. M,, Q,, Q, Are
Evaluated. Comparison with [17]

In Table 2, the case of a flat universe is considered without the assumption of
the evolution of the absolute magnitude of type la supernovae. Here and in the
tables that follow, the first column lists the parameters discussed, the second
column is “Yes” when the parameter is evaluated in simulation, or “No” when
the parameter is assumed to be constant. The third column shows the range of
values for the parameter you are looking for. The fourth column shows the value
of the desired parameter, at which the best fit between the observational data
and the theory is observed (i.e, the minimum value of CA7 is obtained—the sum
of the squared deviations of the observation points from the theoretical curve
(Pearson’s criteria) on the Hubble diagram). The fifth column shows the mini-

mum value of CAZ.

Table 2. The result of the search for the values of the parameters M,, Q,, Q,, forthe
Flat Universe (Q, +Q, =1, Q, =0) without the assumption of the evolution of the

absolute magnitude SNela.

Parameter ~ Variable Search range Parameter search result Ch?
M, Yes -19.5 + -18 —-18.903
€ No 0 0
Q, Yes 0+1 0.397 83.7439
Q, Yes 0+1 0.603
Q, No 0 0

DOI: 10.4236/ijaa.2023.132003

46 International Journal of Astronomy and Astrophysics


https://doi.org/10.4236/ijaa.2023.132003

A. P. Mahtessian et al.

Table 2 shows that, assuming a constant absolute magnitude of supernovae 1a,
we get Q, =04, Q. =0.6. This result is consistent with the result of Paper I
[9], where only the case with a constant absolute magnitude of type la superno-
vae was studied. It was noted above that we use the same sample with the same
observational data as used in [17]. But these authors obtained Q, =0.73,

Q, =027.

How can such a large difference be explained? At the top, we noted that with a
large spread in the absolute magnitudes of supernovae la, in our opinion, it is
not correct to use the average absolute magnitude obtained by several stars in
the simulation, and it is necessary that the absolute magnitude be obtained by
the simulation method. Thus, with this approach, according to the studied sam-
ple, assuming the constancy of the absolute magnitude of supernovae, the frac-
tion of dark energy is 0.4. Paper I studied different sub-samples of the Union [22]
and Union 2 [17] compilations of type la supernovae. It has been found that,
assuming a constant absolute magnitude of SNela, the fraction of dark energy
does not exceed 0.5.

Now let’s check the validity of our result with the test of the absolute magni-
tude proposed by us in Paper I. The meaning of the test is that after finding the
values of the cosmological parameters, the dependence of the absolute magni-
tudes of SNela on the distance (on the redshift z) is plotted and its compliance
with the initial assumption is checked. That is, the adequacy of the model is
checked.

Figure 2 plots the absolute magnitudes of SNela calculated from the parame-
ters Q, =0.397 and Q,, =0.603 depending on the redshift.

As can be seen from Figure 2, there is no noticeable relationship between M

and z
-16
-16.5
1A suggested ¢, = 0.000, Q= 0.000,Q +Q =1
received Q, =0.397, Q = 0.603, Chi* = 83.744
-17.5q-
g | M=(0.023 +0.053)z+ (-18.911 + 0.025) |
S asis . .o
-18.5 : L
ot T - 3 L
-19 N .'\ ° - " '::. '-;.
-19.5 )
-20 T . . . ; - -
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
z

Figure 2. The absolute magnitudes of SNela calculated from the parameters Q, =0.397
and Q, =0.603 depending on the redshift.
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To assess the significance of the correlation between the values of M and z we
use the parameter = (R\/m )+\/1—R2 , which is subject to t-statistics. Here
R is the correlation coefficient and 1 is the number of observations. In this case,
n =557, R=0.018. We get ¢ = 0.43, which rejects the existence of a significant
correlation between M and z

Le. the original assumption about the independence of the absolute magni-
tude of the redshift is observed.

In Paper I (where the case of distance-independent absolute magnitude of su-
pernovae was investigated), different sub-samples from the Union [22] and Un-
ion 2 [17] compilations were studied, and in all cases, after simulation, we reach
the original assumption about the independence of the absolute magnitude of
supernovae from redshift.

Under the assumption that the absolute magnitude of supernova are constant,
[17] obtained the value Q, =0.73 and Q,, =0.27. Let’s test the absolute mag-
nitude. The dependence of the absolute magnitude of SNela on the redshift at
Q, =0.73, Q,, =0.27 isshown in Figure 3 (see also Paper I).

As can be seen from Figure 3, there is a clear relationship between the quanti-
ties under consideration. In this case, N= 557, R=0.256, ¢ = 6.25, which shows a
significant correlation between M and zat a significance level of <107,

Thus, in this case, the assumption that the absolute magnitudes of SNela are
independent of the redshift is violated. This gives grounds to believe that the
authors found incorrect values of Q, and €),,. This is also confirmed by the
Ch? values. Their Chr value is 94.85 (see Figure 3), while ours is 83.74 (Table 2,
Figure 2).

It is noteworthy that the average absolute magnitude of SNela M in Figure
2 and Figure 3 differ little. This means that the obtained values of the cosmo-
logical parameters depend very strongly on the previously accepted average ab-

solute magnitude of supernovae. This issue will be explored in detail below.

-1

-16.5]
-17 suggested & = 0.000,=-19.139,Q,=0,Q, +Q, =1
178 received Q, = 0.730, Q,, = 0.270, Chi® = 94.847
S 13 ) -+ [M=(-0.333£0.053)z+ (-18.934 = 0.025) |

2
%
-18.5] &

-19] : :: L ‘2

-19.57%.

205 02 0.4 06 08 1 1.2 1.4 1.6

Figure 3. Dependence of the absolute magnitude of SNela on the redshift at Q, =0.73,
Q, =027.
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5.2.Case Q; =0, Q, +Q, =1,Estimated M,, ¢.,, Q,, Q,

c

In Table 3, the case of a flat universe is considered with the assumption of the
evolution of the absolute magnitude of type la supernovae.

It can be seen from the table that, assuming the evolution of SNela, the best fit
(the smallest CA7) of the flat universe model ACDM with observational data is
obtained at Q, =0. A comparison of Ch7 in Table 2 and Table 3 shows that
its value is smaller in Table 3, ie., assuming the evolution of the absolute mag-
nitude of SNela, we obtain better fit between theory and observation. In this
case, we need a change in the absolute magnitude of SNela of only 0.3" for the
time of the corresponding z= 1 (approximately 5.3 Gyr). This value is consistent
with the value obtained in [10] (see Table 1).

Let’s do an absolute magnitude test. The dependence of the absolute magni-
tudes of supernovae on the redshift at the values of the parameters ¢, =0.304,
Q, =0.000 and ©Q, =1.000 isshown in Figure 4.

-16
-16.51
suggested ¢ # 0.000, Q, =0.000,Q +Q =1
1] received &, = 0.304, Q, =0.000, Q, = 1.000, Chi? = 83.2258
1751 © o+« | M=(0304%0.053)z+ (-18.875 + 0.0243)|

-20 T T T T T T T
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Figure 4. Dependence of the absolute magnitudes of supernovae on the redshift at the
values of the parameters & =0.304, Q, =0.000 and Q, =1.000.

Table 3. The result of the search for the values of the parameters M, Q,, Q,, and
g, for the Flat Universe (Q, +Q,, =1, Q, =0) with the assumption of the evolution
of the absolute magnitudes SNela.

Parameter Variable Search range Parameter search result Chr
M, Yes -19.5+-18 —-18.875
£, Yes -1+1 0.304
Q, Yes 0+1 0.000 83.2258
Q, Yes 0+1 1.000
Q, No 0 0
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The Figure shows that the dependence of the absolute magnitudes of SNela
repeats what is assumed in advance (there is an evolution of the absolute mag-

nitude), the slope of the dependence is the same as in the simulation.

53. Q, +Q,,+Q,=1, & =0,Estimated M,, Q,, Q,, Q,

Table 4 shows the result of searching for the values of the parameters M,, Q,,
Q,,, Q, without the assumption that the universe is flat (Q, +Q,, +Q, =1)
and without taking into account the evolution of the absolute magnitude SNela.

As can be seen from the table, when in the general case (Q, +Q,, +Q, =1)
we do not take into account the evolution of the absolute magnitude of SNela,
the fraction of repulsive energy is 0, the fraction of gravitational material is ap-
proximately 0.37, which is consistent with the popular opinion about the frac-
tion of dark + visible matter. The curvature of space is negative. Checking the
test of the absolute magnitude is shown in Figure 5.

As can be seen in this case, the original assumption about the independence of
the absolute magnitudes of the redshift is not violated.

It is worth comparing the value of CAZ in Table 3 (Ch7 = 83.2258) and Table
4 (Chf = 83.2808). Because they are close, further research into the existence of

-167-
-16.51
171 suggested ¢ = 0.000, 2, +Q +Q =1
received Q= 0.000, Q, = 0.368, Q= 0.632, Chi* = 83.281
-17.59
M= (0.00059 + 0.053)z + (-18.881 + 0.025) |
= -18{: .

Cattal e,

0 02 0.4 0.6 0.8 1 12 1.4 1.6
Figure 5. Absolute magnitude test for the case Q, +Q, +Q, =1, ¢ =0.
Table 4. The result of the search for the values of the parameters M,, Q,, Q, , Q,

without restrictions on the curvature of the universe (Q, +Q,, +Q, =1) and without

taking into account the evolution of the absolute magnitude of SNela.

Parameter Variable Search range Parameter search result Chr
M, Yes -195+-18 —18.881
g, No 0 0
Q, Yes 0+1 0.000 83.2808
Q, Yes 0=+1 0.368
Q, Yes 0+1 0.632
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the evolution of type la supernovae will be required, which we will do in the fu-
ture. The important thing here is that in both cases we get Q, =0. The differ-
ence is that in the first case, this is caused by the assumption of a flat Universe
and the existence of supernova evolution, and in the second case, the obtained
lower value of the density of gravitational matter in the Universe without intro-
ducing restrictions on the curvature of the Universe, which leads to a negative
curvature of the Universe.

54. Q, +Q,, +Q; =1,Estimated M, ¢

c

» Q, Qy, Q

In Table 5, the result of the search for the values of the parameters M,, Q,,
Q,,, Q. without restrictions on the curvature of the universe

(Q,+Q,, +Q, =1) is given with the assumption of the evolution of the abso-
lute magnitude SNela.

As can be seen from the table, the simulation gives the same result as Case
Q. =0, Q,+Q,, =1 (see5.2). That is, without initially assuming that the un-
iverse is flat, the largest probable estimate of cosmological parameters is ob-
tained precisely with a flat universe.

As for the absolute magnitude test, it coincides with the graph in Figure 4.

Thus, we can say that, under the assumption of the evolution of type la su-
pernovae, the ACDM model gives two important results:

1) The universe is flat.

2) Only gravitational material is present in it—the fraction of dark energy is
equal to zero. Objects in the Universe move away from each other with decelera-

tion.

5.5. A=0, ¢ =0,Estimated M, ¢q,

In Table 6 the result of the search for the values of the parameters M,, ¢, for
the model with zero cosmological constant (A =0) is given without the assump-
tion of the evolution of the absolute magnitude SNela.

In essence, this is similar to the case in 5.3. Those, space has a negative curva-
ture and contains only gravitational matter (the sum of visible and invisible

matter is 0.37, which is consistent with many other studies). Figure 6 shows the

Table 5. The result of searching for the values of the parameters M,, Q,, Q, , Q,
without restriction on the curvature of the universe Q, +Q, +Q, =1) with the as-

sumption of the evolution of the absolute magnitude SNela.

Parameter Variable Search range Parameter search result Chr
M, Yes -19.5+-18 -18.875
&, Yes -1+1 0.304
Q, Yes 0+1 0.000 83.2258
Q,, Yes 0+1 1.000
Q Yes 0+1 0.000
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Figure 6. Dependence of the absolute magnitude of SNela on z at M, =-18.881,

g, =0.184 for a universe with zero cosmological constant.

Table 6. The result of the search for the best solutions for the model with zero cosmolog-
ical constant (A =0) without assuming the evolution of the absolute magnitude of
SNela.

Parameter Variable Search range Parameter search result Chr
M, Yes -19.5+-18 —-18.881
£, No 0 0 83.2808
4, Yes 0205 0.184

absolute magnitude test. As can be seen from the Figure, with the results ob-
tained (M, =-18.881, g, =0.184), there is no dependence of the absolute
magnitude of SNela on z repeats the original assumption of independence be-

tween them.

56. A=0, M,, ¢., q, AreEstimated

Table 7 shows the search result for the values of the parameters M, ¢, and
&, for the model with zero cosmological constant (A =0) with the assumption
of the evolution of the absolute magnitude SNela. In fact, we get an analogy of
the cases in 5.2 and 5.4: if we assume the evolution of SNela, we get a flat un-
iverse.

Absolute magnitude test, Ze the dependence of the absolute magnitude of
SNela on the redshift at the obtained values of the parameters ¢, =0.304,
q, =0.5, is shown in Figure 7. As can be seen from Figure 7 the absolute mag-
nitude of supernovae SNela depends on the distance as obtained from the simu-

lation, ie. repeats the original assumption.
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-16.51

suggested A =0
-174 received M, =-18.875, ¢, = 0.304, g, = 0.500, Chi* = 83.226

-17.5 © 0+ [M=(0.304+0.053)z + (-18.875 + 0.025)

S -18]
-18.5] %

-194
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Figure 7. Dependence of the absolute magnitude of SNela on the redshift at the obtained
values of the parameters & =0.304, ¢,=05.

Table 7. The result of the search for the values of the parameters M, ¢, and & for

the model with zero cosmological constant (A =0) with the assumption of the evolution
of the absolute magnitude of SNela.

Parameter Variable Search range Parameter search result Chr
M, Yes -19.5+-18 -18.875
£, Yes -1+1 0.304 83.2258
49, Yes 0+0.5 0.500

This is essentially the analogy of the case in 5.3. We obtain that, under the as-
sumption of the evolution of supernova magnitude la, both hypotheses give the
same result, which consists in the fact that the universe is flat and consists only

of gravitational material.

5.7. Verification of the Evolution of SNela at Different z

It is interesting to check the evolution of SNela at different z To do this, we di-
vided the Union 2 sample into two parts—a subsample with a redshift up to
z=0.5 and a subsample with z>0.5.

5.7.1.TheCase A=0, 7=0.00+0.50, N =403 andtheCase A=0,
7=0.50+1.50, N =154 AreEvaluated M,, &, ¢,

In Table 8, the result of the search for the values of the parameters M, g,
and &, for a model with a zero cosmological constant (A =0) is given with the
assumption of the evolution of the absolute magnitude of SNela for “nearby”
stars (z=0.00+0.50). In Table 9, the same is shown for distant stars

(z=0.50+1.50). It can be seen from the tables that the smallest CA7 is obtained
at &, =0.399 and &, =0.403, respectively. In these cases, we get the value 0.5

for g,, ie, aflat universe.
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Table 8. The result of the search for the values of the parameters, ¢, and &, for the

model with zero cosmological constant (A =0) with the assumption of the evolution of
the absolute magnitude of SNela for “nearby” stars (z=0.00+0.5).

Parameter Variable Search range Parameter search result Ch?
M, Yes -19.5+-18 -18.886
£, Yes -1+1 0.399 72.2283
q, Yes 0+0.5 0.500

Table 9. The same as in Table 8, for distant stars (z =0.5+1.5).

Parameter Variable Search range Parameter search result Chr
M, Yes -19.5 +-18 -18.970
£, Yes -1+1 0.403 10.7607
q, Yes 0+0.5 0.500

5.7.2.The Case Q, +Q, +Q, =1, z=0.00+0.50, N =403 and the Case
Q+9,+Q,=1, z=050+1.50, N =154 AreEvaluated M,

Q. Q,, Q4

In Table 10, the result of the search for the values of the parameters M,, Q,,

E.
Q, , Q¢ and &, for the universe without space curvature restrictions
(Q, +Q,, +Q, =1) is given with the assumption of the evolution of the abso-
lute magnitude of SNela for “nearby” stars (z =0.00+0.50). In Table 11 the
same is given for distant stars (z =0.5+1.5).

As can be seen from Tables 8-11, the simulation shows that the evolution of
SNela is observed for both nearby and distant supernovae. The direction of
evolution is also the same for nearby and distant supernovae—young superno-

vae are dimmer.

6. Significant Influence of the Value of the Absolute
Magnitude of Type 1a Supernovae on the Cosmological
Parameters

In this section, using the created computer model, we also study the influence of
the absolute magnitude of supernovae la on the obtained cosmological parame-
ters. It turned out that the cosmological parameters are very sensitive to even a
small change in this value.

This issue is very important because, when estimating cosmological parame-
ters, researchers use the absolute magnitude of supernovae obtained by only a
few stars. As we noted above, the distribution of the absolute magnitude of type
la supernovae is very wide, and at first glance it can be seen (you can compare
Figure 2 and Figure 3) that the value of the cosmological parameters strongly
depends on the absolute magnitude of supernovae. Let’s try to study this issue in
more detail.
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Table 10. The result of the search for the values of the parameters M,, Q,, Q,, Q.
and ¢ for the universe without space curvature restrictions (Q, +Q, +Q, =1) with

the assumption of the evolution of the absolute magnitude of SNela for “nearby” stars

(z=0.00+0.5).

Parameter Variable Search range Parameter search result Ch?
M, Yes -19.5+-18 -18.886
g, Yes -1+1 0.399
Q, Yes 0+1 0.000 72.2283
Q, Yes 0+1 1.000
Q, Yes 0+1 0.000

Table 11. The same as in Table 10 for distant stars (z =0.5+1.5).

Parameter Variable Search range Parameter search result Chr
M, Yes -19.5+-18 -18.970
€, Yes -1+1 0.403
Q, Yes 0+1 0.000 10.7607
Q, Yes 0+1 1.000
Q, Yes 0+1 0.000

Figure 8 shows a graph of dependence Q,, Q,, on M. This graph is con-
structed for the ACDM model for a flat universe (Q, +€,, =1) and no evolu-
tion (&, =0). The graph shows the values of M corresponding to three combi-
nations of cosmological parameters:

1) Q,=0.7, Q, =0.3 obtainedat M =-19.11;

2) Q,=0, Q=1 obtainedat M =-18.71;

3) Q,=0.397, Q, =0.603 obtainedat M =-18.90;

As shown above, the best solution for a flat universe, without taking into ac-
count evolution, was obtained in the latter case (see Table 2).

The difference in the absolute magnitude of supernovae 1a with combinations
of 1) and 2) is: 19.11-18.71=0.4 magnitudes, while the standard deviation of
the distribution of absolute magnitudes of SNela is 0.7 magnitudes. At the same
time, the difference in magnitude between the combinations, 1) and 3) is only 0.2.

Table 12 shows an excerpt from the table from the simulation. The first line
shows the case of the best fit between theory and observation. The rest of the
lines show the results in the vicinity of the point Q, =0.7 and Q, =0.3. It
can be seen that when M changes by only 0.1 in one direction or another, we
obtain the value of Q, from 0.6 to 0.8. Such a difference in the values of Q,
significantly changes the idea of cosmology. The change in A by 0.1 is well be-

low the range of this value used in various papers.
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Figure 8. Plot, Q,, Q,, versus M calculated for the ACDM model for a flat universe
(92, +Q,, =1). As can be seen from the Figure, a change in M by only 0.4" (from
-19.11 to —18.71) leads to a change in parameters from Q, =0.7 and Q, =0.3 to
Q,=0 and Q, =1.

Table 12. Excerpt from the table from the simulation.

M Q, Q, Ch?
-18.9 0.39 0.61 83.74
-19.03 0.60 0.40 86.85
—-19.04 0.61 0.39 87.36
-19.05 0.62 0.38 87.92
—-19.06 0.64 0.36 88.53
-19.07 0.65 0.35 89.17
-19.08 0.66 0.34 89.86
-19.09 0.67 0.33 90.60
-19.10 0.69 0.31 91.38
-19.11 0.70 0.30 92.20
-19.12 0.71 0.29 93.07
-19.13 0.72 0.28 93.98
-19.14 0.73 0.27 94.95
-19.15 0.74 0.26 95.95
-19.16 0.75 0.25 97.01
-19.17 0.76 0.24 98.11
-19.18 0.77 0.23 99.26
-19.19 0.78 0.22 100.46
-19.20 0.79 0.21 101.71
-19.21 0.80 0.20 103.01
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Thus, the dependence of the values of the parameters €, and Q,, on the
accepted absolute magnitude A/ SNela is very strong, and therefore we must be
extremely careful when determining M. According to the authors of this article,
the determination of the absolute magnitude of supernovae should be the subject
of a simulation using the entire sample of type la supernovae. As we saw above,
this approach does not violate the original assumption that the absolute magni-
tudes of supernovae depend on the redshift and, therefore, gives the correct val-

ue of the parameters Q, and Q,, .

7. Conclusions

In the previous article, we studied the value of cosmological parameters in the
ACDM and CDM models with the assumption that the absolute magnitude of
type la supernovae is independent of distance. The values of the cosmological
parameters were estimated on the basis of the Hubble diagram. The values of
these parameters were determined for which the best fit between the theoretical
curve of the Hubble diagram and observational data was obtained. Pearson’s
goodness-of-fit test or CA7 (Chi-square) test was used.

In this article, we study the case with the assumption of the evolution of the
absolute magnitude. We accept that the dependence of the absolute magnitude
on the redshift is linear.

It turns out that when the evolution of the absolute magnitudes of supernovae
is taken into account, a better fit between theory and observation is obtained.

The main difference between the approaches in our work and the works of
other authors is that we estimate the average absolute magnitude of supernovae
in the course of simulation, while the authors of other works take into account
the average absolute magnitude of these stars, previously obtained by several
well-studied stars. We pay attention to the fact that the distribution of the abso-
lute magnitude of supernovae la is very wide [8]. This makes it incorrect to use
the latter approach. In addition, as the simulation shows, the result strongly de-
pends on the assumed absolute magnitude of the stars.

In the case of a flat universe (Q, +Q,, =1), the best fit between theory and
observation is given by the value of the evolution coefficient &, =0.304. In this
case, for the cosmological parameters we obtain Q, =0.000, Q,, =1.000. And
for the absolute magnitude of supernovae la, —18.875 was obtained. Naturally,
this result exactly matches the simulation result for the model with zero cosmo-
logical constant (&, =0.304, ¢, =0.500, M, =-18.875).

The Friedmann-Robertson-Walker model is also studied, without restriction
on space curvature (Q, +Q,, +Q, =1). Within the framework of this model,
we obtain the following values ¢, =0.304, Q, =0.000, Q, =1.000,

Q, =0.000, M, =-18.875. Those, the case also leads to a flat Universe model
(Q, =0.000).
In the framework of this work, the degree of influence of the absolute magni-

tude M of supernovae of type la on the cosmological parameters is also investi-
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gated. In particular, it was found that a change in this value by only 0.4” (from
-19.11 to —18.71) leads to a change in the parameters from Q, =0.7 and
Q,, =03 to Q, =0 and Q,, =1. As we noted above, the distribution of the
absolute magnitudes of supernovae la has a rather large width, which leads us to
think that we must be very careful when accepting the absolute magnitude of
supernovae. We have come to the conclusion that the absolute magnitude of su-
pernovae must also be subject to simulation. This is the main reason that leads
to a discrepancy between our results and the results obtained by other authors,
who took as a basis the value of the absolute magnitude of supernovae calculated
from a small number of stars.

The validity of our results is substantiated by the absolute magnitude test we
proposed in the previous article (Paper I). In essence, this is a test proving that
the simulation does not violate the initially accepted dependence of the absolute
magnitudes of supernovae on the redshift. This test can also be called a model
adequacy test.

The main results of this work are the following:

1) Under the assumption of the evolution of supernovae SNela, the ACDM
model describes the observational data better than under the assumption that
the absolute magnitudes of SNela are independent of redshift. In this case, a
small evolution is obtained (AM =0.304 during the time of the corresponding
z = 1). Young supernovae are dimmer. Evolution is observed for both nearby
and distant stars.

2) The universe turns out to be flat, even if this constraint is not initially in-
troduced.

3) There is only gravitational matter in the universe.

4) Objects in the Universe move away from each other with deceleration.

The main difference between our and other authors’ approaches is that we pay
attention to two facts in the nature of SNela. The first is that there is a critical
dependence of the values of cosmological parameters obtained during the simu-
lation on the absolute magnitude of SNela. The second is that the distribution of
absolute magnitudes of supernovae is very wide.

These facts lead us to the conclusion that the found cosmological parameters
based on the absolute magnitude of supernovae la predetermined from several
stars are not accurate and that it is necessary to find the cosmological parameters
and absolute magnitude of supernovae simultaneously in the simulation process

using the full sample of supernovae la.
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