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研究目的

• Ia型超新星の観測データをもとに、
宇宙の大局的非一様性及び、
局所的非一様性を考慮することで、
Dark EnergyなしでIa型超新星の
観測データを再現できるか。



先行研究

• K. Tomita ( 2001, etc. )
•M. Kasai ( 2007 )
•他多数



研究内容

• M. Kasai ( 2007 ) と比較して次の点を改良した。
• 超新星データとして Ries et al. ( 2004 ) の 
gold set データを用いた。
→データの個数が増えた。　　　　のデータも含まれる。

• fitting には Luminosity distance の解析解を用いた。
また、Dyer & Roeder distance も用いた。

• error の重み付き fitting を行った。

z > 1.0



Dyer & Roeder distanceとは？
• 銀河間の空間は銀河に比べて密度が小さい。
光はそのような低密度の空間を通ってくると
考えられるため、そのような空間の密度を
考慮した式。

• 　　　：銀河間密度
• 　 : 宇宙全体の平均密度
• 　 : 銀河間密度がどの程度　 と比較して
　   小さいかを表す比例定数。以下の値をとる。
　   clumpiness parameter。

0 ≤ α ≤ 1

αρ

α
ρ

ρ



Dyer & Roeder distance
(                     の場合 )
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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



宇宙論パラメータが
より顕著に現れるのは
より遠方の領域。
それ以下では違いが
区別できない。



では、
遠方のデータのみを

使えば宇宙論パラメータが
決定できる？



加えて、
残りのデータから
何が言えるのかを
調べてみる。
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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

•近傍と遠方、それぞれでfitすることで、
なしでfitできる。

•各best fit parameterは以下の通り。



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

Dyer & Roeder distanceも
同様の方法でみてみる。
結果は次の通り。



結論 ( 1 )

•非一様宇宙の制限として、
　　　　の穏やかな非一様であること、
　  が　　   程度の違いであれば良い、
という結果が得られた。

•大域的非一様性から、平均密度の違いが
重要ではなく、膨張率が異なることが
重要であるということが判った。

z = 0.1
H0 10%



結論 ( 2 )

•局所的非一様性から、　 が定数ではなく、
時間的に進化していることが判った。

•これは、構造形成の時間的進化も trace 
している。

•大域的非一様性、局所的非一様性、現実的な
構造形成を考慮することで　　なしで
超新星データを再現できるということが判った。

α

ΩΛ


