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Dark Energy is 
required to explain 
the SNe m-z relation.
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Does we need 
Dark Energy, 

really?
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We re-analyze 
the m-z relation of the observed 
SNe Ia and examine an alternative 
possibility without Dark Energy. 
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We find that 
no Dark Energy is required 

if we accept 
the following slightly 

inhomogeneous universe:
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1) the expansion rate in 
the nearby (          ) region is 
slightly            faster than that 
in the distant (          ) region.

z � 0.1
∼ 10%

z > 0.1
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2) the clumpiness parameter
　　in the Dyer & Roeder 
distance is also slightly 
inhomogeneous;

　　　in the nearby region while
　　　in the distant region.

α ∼ 0
α ∼ 0.2

α
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If we assume that 
the universe is 

homogeneous, we need 
Dark Energy.
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What happens 
if we accept 

the inhomogeneous 
universe?
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Purpose

• Based on the observational SNe Ia data, 
we consider the large-scale inhomogeneity 
and local emptiness of the universe.

• Can we reproduce the observational data 
without Dark Energy?
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Preceding works

• K. Tomita ( 2001, 2002)

•M. Kasai ( 2007 )
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This works
• We improved the following as compared with 
M. Kasai ( 2007 ).

• We used the gold set data by Riess et al. ( 2004 ).
→ The number of data is 157. And these data 
contain SNe of               .

• We used the luminosity distance without      , 
and also the Dyer & Roeder distance as a fitting 
formula.

z > 1.0

ΩΛ
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Riess et al. ( 2004 )
gold set data
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       relationm− z

m :

c :
H0 :

apparent magnitude
absolute magnitude

light speed
Hubble constant

Ωm :
z :
density of universe

red shift

ΩΛ :Dark Energy

Mabs :

∴ M(H0) ≡ Mabs − 5 + 5 log10

c

H0

1

m = Mabs − 5 + 5 log10 DL(z,Ωm,ΩΛ)
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Luminosity distance

2 Masaru ADACHI and Masumi KASAI
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Fig. 1. Huuble diagram for all SNe Ia. These data are taken from Table 5 of Riess et al. The solid
curve represents the best fit m-z relatioon for a flat cosmology fiven by Riess et al., with the
parameter values Ωm = 0.29 and ΩΛ = 0.71.

out some theoretical possibilities of the inhomogeneity interpretation to explain the
apparent acceleration. The following improvement points were added in this thesis
though there was Kasai (2007) as a previous work. The biggest difference is SNe Ia
data used. We used Ries et al.(2004) in Kasai (2007) though Perlmutter et al.(1999)
was used. And, the exoression used for fitting did not do expansion of z and either
fit was done by exact fomula. Additionally, more accurate fitting was done by having
done fitting in consideration of error’s weight. In addition, fitting was done by using
Dyer and Roeder discription. How α parameter that showed clumpy of space behaved
in Dyer and Roeder discription was examined.

§2. The magnitude-redshift relation of SNe Ia

The apparent magnitude m of a SN Ia of absolute magnitude M , at redshift z,
is

m = Mabs − 5 + 5 log10
DL(z)
10(pc)

, (2.1)

where DL(z) is the luminosity distance in units of parseces. The luminosity distance
is obtained by solving the propagation of light ray bundles throgh space-time. In
the FLRW universe, it is written in the form

DL(z) =
c(1 + z)

H0
√

1 − Ωm − ΩΛApparent Acceleration without Dark Energy 3

× sinh

(
√

1 − Ωm − ΩΛ

∫ z

0

dz′√
(1 + Ωmz′)(1 + z′)2 − z′(2 + z′)ΩΛ

)
(2.2)

where c is the speed of light. The luminosity distance DL(z) is a slightly complicated
function of z with three constant parameters, H0, Ωm, and ΩΛ.
When ΩΛ = 0 , Eq. (2.2) write following:

DL(z) =
c

H0
dL(z) (2.3)

dL(z) =
2

Ωm
{(2 − Ωm + Ωmz) − (2 − Ωm)

√
1 + Ωmz} (2.4)

　 As an illustration, we use the observed SNe Ia data presented in the paper of
Riess et al. In total, 186 SNe Ia with redshift in the range 0.0104 ≤ z ≤ 1.755 are
listed in Tables 5 and Ref. These are gold set data in 157 SNe Ia data and silver set
data in 29 SNe Ia data, we use gold set data to fitting. Fig. 1 shows best fit to gold
set data and table I shows χ2 and Reduced χ2 to gold set data.
Substituting Eq. (2.4) into the m-z relation Eq. (2.1) gives

m = Mabs − 5 + 5 log10 DL(z)

= Mabs − 5 + 5 log10

(
c

H0
dL(z)

)

= M + 5 log10 dL(z) (2.5)

where M ≡ Mabs − 5 + 5 log10 c/H0. This quantity is often called the “Hubble-
constant-free absolute magnitude” or the“magnitude zero-point”. Note that Pade
Expansion uq to necessary to determine the three parameters H0, Ωm and ΩΛ by
fitting to the data.

Table I. χ2and DOF, Reduced χ2 of Ries et al.

the best fit model χ2 DOF reduced χ2

Riess et al. (M = 43.34, Ωm = 0.29, ΩΛ = 0.71) 176.27 157-2=155 1.14

§3. Fitting the Distant SNe

Observed SNe Ia m-z relations seem to require Dark Energy. A conventional
fitting of the gold set data of SNe Ia. In Figure 1, we plot the Hubble diagram for
all 157 SNe Ia. Also plotted there is the best fit m-z curve for a flat cosmology with
the parameter values Ωm = 0.29 and ΩΛ = 0.71, which was determined by Riess
et al. But, we know that Dark energy is effective more distant region than nearby
region. Therefore, fitting only distant region of Sne Ia data, we think get the result
of like all SNe Ia data fitting. So, we divided gold set data into two region, high-z
and low-z, high-z data is z > 0.1 and low-z is rest data. As above, if Dark energy
is effective distant region, we must get the result about high-z data fitting, like all
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Analytical solution (            )
Apparent Acceleration without Dark Energy 3

× sinh

(
√

1 − Ωm − ΩΛ

∫ z

0

dz′√
(1 + Ωmz′)(1 + z′)2 − z′(2 + z′)ΩΛ

)
(2.2)

where c is the speed of light. The luminosity distance DL(z) is a slightly complicated
function of z with three constant parameters, H0, Ωm, and ΩΛ.
When ΩΛ = 0 , Eq. (2.2) write following:

DL(z) =
c

H0
dL(z) (2.3)

dL(z) =
2

Ωm
{(2 − Ωm + Ωmz) − (2 − Ωm)

√
1 + Ωmz} (2.4)

　 As an illustration, we use the observed SNe Ia data presented in the paper of
Riess et al. In total, 186 SNe Ia with redshift in the range 0.0104 ≤ z ≤ 1.755 are
listed in Tables 5 and Ref. These are gold set data in 157 SNe Ia data and silver set
data in 29 SNe Ia data, we use gold set data to fitting. Fig. 1 shows best fit to gold
set data and table I shows χ2 and Reduced χ2 to gold set data.
Substituting Eq. (2.4) into the m-z relation Eq. (2.1) gives

m = Mabs − 5 + 5 log10 DL(z)

= Mabs − 5 + 5 log10

(
c

H0
dL(z)

)

= M + 5 log10 dL(z) (2.5)

where M ≡ Mabs − 5 + 5 log10 c/H0. This quantity is often called the “Hubble-
constant-free absolute magnitude” or the“magnitude zero-point”. Note that Pade
Expansion uq to necessary to determine the three parameters H0, Ωm and ΩΛ by
fitting to the data.

Table I. χ2and DOF, Reduced χ2 of Ries et al.

the best fit model χ2 DOF reduced χ2

Riess et al. (M = 43.34, Ωm = 0.29, ΩΛ = 0.71) 176.27 157-2=155 1.14

§3. Fitting the Distant SNe

Observed SNe Ia m-z relations seem to require Dark Energy. A conventional
fitting of the gold set data of SNe Ia. In Figure 1, we plot the Hubble diagram for
all 157 SNe Ia. Also plotted there is the best fit m-z curve for a flat cosmology with
the parameter values Ωm = 0.29 and ΩΛ = 0.71, which was determined by Riess
et al. But, we know that Dark energy is effective more distant region than nearby
region. Therefore, fitting only distant region of Sne Ia data, we think get the result
of like all SNe Ia data fitting. So, we divided gold set data into two region, high-z
and low-z, high-z data is z > 0.1 and low-z is rest data. As above, if Dark energy
is effective distant region, we must get the result about high-z data fitting, like all

ΩΛ = 0
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Necessity of Dark Energy

[1] Re-analysis of the supernova data to test the effects of large-scale inhomogenities

Masaru ADACHI and Masumi KASAI
Hirosaki University, Aomori 036-8561, Japan

JGRG20, YITP Kyoto University, 21 - 25 September 2010

Abstract: We analyzed, in JGRG19, the recently observed m-z relation the type Ia supernovae, and examined the possibility that the apparent acceleration of
the cosmic expansion is not caused by the dark energy but a consequence of inhomogeneities in the universe. In this work, we re-analyze the supernova ”gold
set” assembles by Riess et al. from an inhomogeneous point of view and also investigate the effects of large-scale inhomogeneities and local emptiness.

Conventional Fitting of the Gold Set Data: Evidence for Λ

Observed SNe Ia m-z relations seem to require Dark Energy (Λ). A conventional
fitting of the gold set data of SNe Ia yields the best parameters Ωm = 0.29,ΩΛ = 0.71
for a flat universe with a cosmological constant.
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It is apparent that the difference among the models becomes significant in the region of
larger redshift z. In the nearby region, say z < 0.1, the difference is so tiny that we can
hardly distinguish different cosmological models with different Ωm and/or ΩΛ.

Fitting the Distant SNe only: No Λ Necessary?

Since the distant SN data are important to determine the value of Ωm and ΩΛ, what
happens if we use only the distant SNe, say z > 0.1, for the fitting? The following
figure shows the best fit results. The left figure shows the best fit open model without
Λ, and the right figure also shows the best fit flat model with Λ. The χ2 values shows
the open model without Λ gives “slightly” better fitting.
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M=43.45, !m=0.41, !"=0.59

the best fit model for z > 0.1 χ2 deg. of freedom reduced χ2

flat (Ωm = 0.41,ΩΛ = 0.59) 108.80 91 − 2 = 89 1.222
open (Ωm = 0.38,ΩΛ = 0) 108.40 91 − 2 = 89 1.218

Fitting the Nearby SNe: Existence of Local Void?

Next, what about the fitting of nearby (z < 0.1) SNe? The result is summarized below.
From the value of χ2, lower density models are preferred, compared to the best fit
value Ωm = 0.38 at the distant region (z > 0.1). If we accept the idea that the density
parameter Ωm may vary between the distant and nearby regions, our result of the fitting
imply that the nearby region, say z < 0.1, is a local void with a smaller value of Ωm

than that in the distant regions. The different values of M in the different regions also
imply the inhomogeneity of the Hubble expansion rate.
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the model for z < 0.1 χ2 reduced χ2

M = 43.35,Ωm = 0.38,ΩΛ = 0 66.018 1.0157
M = 43.35,Ωm = 0.3,ΩΛ = 0 65.936 1.0144
M = 43.35,Ωm = 0.2,ΩΛ = 0 65.839 1.0129
M = 43.35,Ωm = 0.1,ΩΛ = 0 65.748 1.0115

m-z relation:

m = Mabs − 5 + 5 log10

(
c

H0
d(Ωm, z)

)
= M + 5 log10 d(Ωm, z)

M ≡ Mabs − 5 + 5 log10
c

H0

Using Dyer& Roeder Distance: Effects of Local Emptiness

In order to investigate the effect of local, small scale inhomogeneities, we employ the
Dyer-Roeder distance formula to fit the data. For simplicity, we consider the Ωm = 1
flat case. The parameter α, the so-called clumpiness parameter, represents the empti-
ness of the local space where the light rays from the distant SNe are propagating. The
best fit results for each region are shown below. The results, the lower value of α in
the nearby region than that in the distant one, may suggest the decreasing density in the
inter-galactic space due to the evolution of the structure formation.
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Luminosity distance of Dyer and Roeder DDR (α ! 0,Ωm = 1) :

DDR(α, z) ≡ c
H0

dDR(α, z) =
c

H0
(1 + z)2 2

β
(1 + z)

β−5
4 {1 − (1 + z)−

β
2 }

β ≡
√

25 − 24α

Effect of Averaging

The averaged distance does not feel the averaged density. In order to illustrate the
fact, we follow the description by Dyer and Roeder and perform an averaging. Let
us assume an inhomogeneous zero-shear cosmological models. Then, the luminosity
distance D(z) satisfies

D(z) = (1 + z)2DA(z), DA
′′ = −8πG(1 + z)2ρDA,

where a prime (′) indicates differentiation with respect to the affine parameter, ρ is the
density of the inter-galactic space where the light rays are propagating.
We define the directional averaging of a quantity Q on the constant z surface by 〈Q〉.
Then,

〈DA〉′′ = −8πG(1 + z)2〈ρDA〉

Clearly, 〈ρDA〉 ! 〈ρ〉 〈DA〉 Therefore, the averaged distance 〈DA〉 is not driven by the
average density 〈ρ〉.

Conclusion

We have found that the observed SN Gold Set data does not necessarily imply the
existence of Dark Energy, if we accept the idea that the density parameter Ωm and
Hubble parameter H0 may vary between the distant and nearby regions (we found that
the redshift should divide by 0.1), i.e., an inhomogeneous universe.
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Look at this figure・・・
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The effect of 
cosmological parameter  
is more remarkable in 

distant region. 
e.g.          .z > 0.1
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Then, 
we consider 

only distant data, 
and fit them.
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Result of fitting(           )z > 0.1
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We compare our result 
with that of 
gold set data.
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No Dark Energy is 
necessary to fit 

the distant data only.
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      comparisonχ2

4 Masaru ADACHI and Masumi KASAI
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Fig. 2. Hubble diagram for the 91 high-redsihft (z > 0.1) SNe Ia data set and the best fit m-z
curve of a zero-Λ cosmology with the parameter values M = 43.59 and Ωm = 0.38.

z <0.089, and the high-z data set consists of 91 SNe Ia with redshifts in the range
0.101< z < 1.755.
　 In this paper, 一般的な最小二乗法による fit the m-z relation Eq. (2·10) to each
data set.
　 Since the high-z SNe Ia data are important to determine the value of Ωm and
ΩΛ, what happens if we use only the high-z SNe Ia, for the fitting. Fig. ?? shows
the best fir results. Fig. ?? shows the best fit open model without Λ cosmology
with the parameter values M = 43.59 and Ωm = 0.38. Table ?? shows the χ2 values
and Reduced χ2. In table ??, the χ2 values shows the open model without Λ gives
“slightly” better fitting.

Table II. z > 0.1における gold set dataと open modelの χ2 と自由度、及び Reduced χ2

the best fit model for z > 0.1 χ2 deg. of freedpm reduced χ2

Riess et al. (M = 43.34, Ωm = 0.29, ΩΛ = 0.71) 110.97 91-2=89 1.25
open (M = 43.59, Ωm = 0.38, ΩΛ = 0) 108.40 91-2=89 1.22
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Our model gives slightly 
better fitting.
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       comparisonχ2

the model for z < 0.1 χ2

M = 43.34,Ωm = 0.29,ΩΛ = 0.71 65.30
M = 43.35,Ωm = 0.1,ΩΛ = 0 65.75
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Again,
 no      is required  to 
fit the nearby data.

ΩΛ
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Summary

•We can fit each region without      .

• Each best fit parameter is the following:

8 Masaru ADACHI and Masumi KASAI
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Fig. 4. Hubble diagram for the 91 high-redshift (z > 0.1) SNe Ia data set and the best fit m-z
curve for a α with the parameter values M = 43.68 and α = 0.19.

Table VI. best fit parameter of Ries et al. and our DR model

the best fit model M Ωm ΩΛ α χ2 DOF reduced χ2

Riess et al. 43.34 0.29 0.71 - 176.27 155 1.14
our DR model (high+low) 43.68/43.36 1 0 0.19/0 175.81 157-3=154 1.14

the best fit model M Ωm ΩΛ

Riess et al 43.34 0.29 0.71
Our model (high-z) 43.59 0.38 0
Our model (low-z) 43.35 0.1 0

§7. Summary

We have re-analyzed the observed m-z relation of SNe Ia proposed by Riess et
al. and have examined the possibility that the apparent acceleration of the cosmic
expansion is a consequence of large-scale inhomogeneities in the universe. As previ-
ously found by Riess et al., a positive cosmological constant is necessary to fit the
whole data set, consisting of 157 SNe Ia in the redshift range 0.0104 ≤ z ≤ 1.755,
with a single FLRW model. They obtained the best fit values Ωm = 0.29 and
ΩΛ = 0.71 for a flat cosmology.
　 In order to examine the feasibility of the inhomogeneity interpretation, we divided
the SNe Ia data into two parts, low-z and high-z data sets. The low-z (z < 0.1)
data set consistsof 66 SNe Ia in the redshift range 0.0104 ≤ z ≤ 0.089, and the
high-z (z > 0.1) data set consists of 91 SNe Ia in the range 0.101 ≤ z ≤ 1.755. We

ΩΛ
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• If we permit that     of the nearby region and 
distant region is different, we can fit the 
observational SNe Ia data without     .

M

ΩΛ

8 Masaru ADACHI and Masumi KASAI
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Fig. 4. Hubble diagram for the 91 high-redshift (z > 0.1) SNe Ia data set and the best fit m-z
curve for a α with the parameter values M = 43.68 and α = 0.19.

Table VI. best fit parameter of Ries et al. and our DR model

the best fit model M Ωm ΩΛ α χ2 DOF reduced χ2

Riess et al. 43.34 0.29 0.71 - 176.27 155 1.14
our DR model (high+low) 43.68/43.36 1 0 0.19/0 175.81 157-3=154 1.14

the best fit model M Ωm ΩΛ

Riess et al 43.34 0.29 0.71
Our model (high-z) 43.59 0.38 0
Our model (low-z) 43.35 0.1 0

§7. Summary

We have re-analyzed the observed m-z relation of SNe Ia proposed by Riess et
al. and have examined the possibility that the apparent acceleration of the cosmic
expansion is a consequence of large-scale inhomogeneities in the universe. As previ-
ously found by Riess et al., a positive cosmological constant is necessary to fit the
whole data set, consisting of 157 SNe Ia in the redshift range 0.0104 ≤ z ≤ 1.755,
with a single FLRW model. They obtained the best fit values Ωm = 0.29 and
ΩΛ = 0.71 for a flat cosmology.
　 In order to examine the feasibility of the inhomogeneity interpretation, we divided
the SNe Ia data into two parts, low-z and high-z data sets. The low-z (z < 0.1)
data set consistsof 66 SNe Ia in the redshift range 0.0104 ≤ z ≤ 0.089, and the
high-z (z > 0.1) data set consists of 91 SNe Ia in the range 0.101 ≤ z ≤ 1.755. We

2011年9月28日水曜日



Difference of     is・・・M
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∴ M(H0) ≡ Mabs − 5 + 5 log10

c

H0

1

i.e., difference of      .H0
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How much is the 
difference of      ? H0
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difference of      by 
inhomogeneity

H0

H0(low)
H0high

= 10
Mhigh−Mlow

5

H0(low) = 1.1H0(high)
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Therefore,
if we allow that       is larger 

than       in the distant 
region, we don’t need Dark 

Energy.

10%
H0
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Next,
we use

Dyer & Roeder 
distance (                 ).Ωm = 1,ΩΛ = 0
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What’s Dyer & Roeder distance？

• The density of inter-galactic space is lower than 
the average density. Light travels through the  
low-density space. Dyer & Roeder distance takes  
such effect into account.

• 　    ：density of inter-galactic space
• 　 : average density of the universe
• 　 : 0 ≤ α ≤ 1

αρ

α
ρ
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Dyer & Roeder distance
(                    )

[1] Re-analysis of the supernova data to test the effects of large-scale inhomogenities

Masaru ADACHI and Masumi KASAI
Hirosaki University, Aomori 036-8561, Japan

JGRG20, YITP Kyoto University, 21 - 25 September 2010

Abstract: We analyzed, in JGRG19, the recently observed m-z relation the type Ia supernovae, and examined the possibility that the apparent acceleration of
the cosmic expansion is not caused by the dark energy but a consequence of inhomogeneities in the universe. In this work, we re-analyze the supernova ”gold
set” assembles by Riess et al. from an inhomogeneous point of view and also investigate the effects of large-scale inhomogeneities and local emptiness.

Conventional Fitting of the Gold Set Data: Evidence for Λ

Observed SNe Ia m-z relations seem to require Dark Energy (Λ). A conventional
fitting of the gold set data of SNe Ia yields the best parameters Ωm = 0.29,ΩΛ = 0.71
for a flat universe with a cosmological constant.
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It is apparent that the difference among the models becomes significant in the region of
larger redshift z. In the nearby region, say z < 0.1, the difference is so tiny that we can
hardly distinguish different cosmological models with different Ωm and/or ΩΛ.

Fitting the Distant SNe only: No Λ Necessary?

Since the distant SN data are important to determine the value of Ωm and ΩΛ, what
happens if we use only the distant SNe, say z > 0.1, for the fitting? The following
figure shows the best fit results. The left figure shows the best fit open model without
Λ, and the right figure also shows the best fit flat model with Λ. The χ2 values shows
the open model without Λ gives “slightly” better fitting.
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the best fit model for z > 0.1 χ2 deg. of freedom reduced χ2

flat (Ωm = 0.41,ΩΛ = 0.59) 108.80 91 − 2 = 89 1.222
open (Ωm = 0.38,ΩΛ = 0) 108.40 91 − 2 = 89 1.218

Fitting the Nearby SNe: Existence of Local Void?

Next, what about the fitting of nearby (z < 0.1) SNe? The result is summarized below.
From the value of χ2, lower density models are preferred, compared to the best fit
value Ωm = 0.38 at the distant region (z > 0.1). If we accept the idea that the density
parameter Ωm may vary between the distant and nearby regions, our result of the fitting
imply that the nearby region, say z < 0.1, is a local void with a smaller value of Ωm

than that in the distant regions. The different values of M in the different regions also
imply the inhomogeneity of the Hubble expansion rate.
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the model for z < 0.1 χ2 reduced χ2

M = 43.35,Ωm = 0.38,ΩΛ = 0 66.018 1.0157
M = 43.35,Ωm = 0.3,ΩΛ = 0 65.936 1.0144
M = 43.35,Ωm = 0.2,ΩΛ = 0 65.839 1.0129
M = 43.35,Ωm = 0.1,ΩΛ = 0 65.748 1.0115

m-z relation:

m = Mabs − 5 + 5 log10

(
c

H0
d(Ωm, z)

)
= M + 5 log10 d(Ωm, z)

M ≡ Mabs − 5 + 5 log10
c

H0

Using Dyer& Roeder Distance: Effects of Local Emptiness

In order to investigate the effect of local, small scale inhomogeneities, we employ the
Dyer-Roeder distance formula to fit the data. For simplicity, we consider the Ωm = 1
flat case. The parameter α, the so-called clumpiness parameter, represents the empti-
ness of the local space where the light rays from the distant SNe are propagating. The
best fit results for each region are shown below. The results, the lower value of α in
the nearby region than that in the distant one, may suggest the decreasing density in the
inter-galactic space due to the evolution of the structure formation.
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Luminosity distance of Dyer and Roeder DDR (α ! 0,Ωm = 1) :

DDR(α, z) ≡ c
H0

dDR(α, z) =
c

H0
(1 + z)2 2

β
(1 + z)

β−5
4 {1 − (1 + z)−

β
2 }

β ≡
√

25 − 24α

Effect of Averaging

The averaged distance does not feel the averaged density. In order to illustrate the
fact, we follow the description by Dyer and Roeder and perform an averaging. Let
us assume an inhomogeneous zero-shear cosmological models. Then, the luminosity
distance D(z) satisfies

D(z) = (1 + z)2DA(z), DA
′′ = −8πG(1 + z)2ρDA,

where a prime (′) indicates differentiation with respect to the affine parameter, ρ is the
density of the inter-galactic space where the light rays are propagating.
We define the directional averaging of a quantity Q on the constant z surface by 〈Q〉.
Then,

〈DA〉′′ = −8πG(1 + z)2〈ρDA〉

Clearly, 〈ρDA〉 ! 〈ρ〉 〈DA〉 Therefore, the averaged distance 〈DA〉 is not driven by the
average density 〈ρ〉.

Conclusion

We have found that the observed SN Gold Set data does not necessarily imply the
existence of Dark Energy, if we accept the idea that the density parameter Ωm and
Hubble parameter H0 may vary between the distant and nearby regions (we found that
the redshift should divide by 0.1), i.e., an inhomogeneous universe.

α : clumpiness parameter

Ωm = 1,ΩΛ = 0
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• Same as the large-scale inhomogeneity, if we 
permit that         are different in the nearby 
region and the distant region, we can fit each 
region without      .

• Each best fit parameter is the following:

ΩΛ

M,α

th best fit model M Ωm ΩΛ α χ2

Riess et al. 43.34 0.29 0.71 - 176.27

our DR model (high+low) 43.68/43.36 1 0 0.19/0 175.81

1
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Conclusion ( 1 )

• No      is required, if we allow the 
inhomogeneous universe such that:

• Scale of inhomogeneity is            .

• Difference of      is        .
z = 0.1

H0 10%

ΩΛ
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Conclusion ( 2 )

• Clumpiness parameter      is also 
inhomogeneous.

• This trace temporal evolution of the structure 
formation in the universe.

α
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In the end...
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If you stick to the 
homogeneity,
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you also need the Dark 
Side of Energy.
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Vader was seduced by 
the dark side of the 

Force...
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Don’t be seduced 
by the Dark Side 
of Energy!
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That’s all, thank you.
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