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ABSTRACT

We present spectral and photometric observations of 10 Type Ia supernovae (SNe Ia) in the redshift
range 0.16 < z < 0.62. The luminosity distances of these objects are determined by methods that employ
relations between SN Ia luminosity and light curve shape. Combined with previous data from our
High-z Supernova Search Team and recent results by Riess et al., this expanded set of 16 high-redshift
supernovae and a set of 34 nearby supernovae are used to place constraints on the following cosmo-
logical parameters: the Hubble constant (H,), the mass density (Q2,,), the cosmological constant (i.., the
vacuum energy density, Q,), the deceleration parameter (q,), and the dynamical age of the universe (¢,).
The distances of the high-redshift SNe Ia are, on average, 10%—15% farther than expected in a low mass
density (QQ,, = 0.2) universe without a cosmological constant. Different light curve fitting methods, SN Ia
subsamples, and prlor constramts unammously favor eternally expandmg models with positive cosmo-
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MEASUREMENTS OF Q AND A FROM 42 HIGH-REDSHIFT SUPERNOVAE
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ABSTRACT

We report measurements of the mass density, (,,, and cosmological-constant energy density, Q,, of
the universe based on the analysis of 42 type Ia supernovae discovered by the Supernova Cosmology
Project. The magnitude-redshift data for these supernovae, at redshifts between 0.18 and 0.83, are fitted
jointly with a set of supernovae from the Calan/Tololo Supernova Survey, at redshifts below 0.1, to yield
values for the cosmological parameters. All supernova peak magnitudes are standardized using a SN Ia
light-curve width-luminosity relation. The measurement yields a joint probability distribution of the

cosmological parameters that is approximated by the relation 0.8Q,.— 0,60, + 0.1 in the region
of interest (Q,, < 1.5). For a flat (Q,; + Q, = 1) cosmology we find Qf\lft = 0 28+8 08 (L o statistical) *9:92
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e Tomita (2000a, 2000b, 2001, ...)
local void model

e Iguchi, Nakamura, Nakao (2002)
Lemaitre-Tolman-Bondi (LTB) model

e Alnes et al. (20006)
LTB modelTSN&CMB®OKI!?
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A local void and the accelerating Universe

K. Tomita™

Yukawa Institute for Theoretical Physics, Kyoto University, Kyoto, 606-8502, Japan

ABSTRACT

Corresponding to the recent observational claims that we are 1n a local void (an underdense
region) on scales of 200-300 Mpc, the magnitude —redshift relation in a cosmological model
with a local void is investigated. It is already evident that the accelerating behaviour of high-z
supernovae can be explained in this model, because the local void plays a role similar to the
positive cosmological constant. In this paper the dependence of the behaviour on the gaps of
cosmological parameters in the inner (low-density) region and the outer (high-density)

region, the radius of the local void, and the clumpiness parameter is studied and its
implications are discussed.
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Figure 1. Model with a spherical single shell. Redshifts for observers at O
and C are z and Z.
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outer high-density Friedmann
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Figure 2. The [m, z] relation in cosmological models with a local void. The solid line denotes the case with a standard parameter set given in equation (12). The
dotted and dashed lines stand for homogeneous models with (£}, Ag) = (0.3,0.7) and (0.3, 0.0), respectively, for comparison.
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M: “the magnitude zero-point” or

“Hy-free absolute magnitude”



effective mp

24 |
22 |
20 |
18 |
16 |

14 |

Q,=0.28, Q4=0.72

0.05

0.1 0.2 0.5
redshift z

1.0






effective mp

24 |
22 |
20 |
18 |
16 |

14 |

A A i
A A%A:
4
N ]
.. .
®9
o % ]
o
®
O
g °® i
o
o 40 high-z (>0.3) SNe Ia 4
] ] ] ] ] ] | I | 20 10\R]_ZI (<O.|2) SINeII[aI I. L1
0.02 0.05 0.1 0.2 0.5 1.0

redshift z



low redshift
z2< 0.2 DH%&
N LT fit




effective mp

9K, T EIIOERLfitTES.
Iow redshift Tl AODEV.E.?’J‘ELVJ\

—h N
(00 o
T I T T T I T

—k
o)
——

e
N

0.02 0.05 0.1 0.2 0.5
redshift z



high redshift

z>0.30DHh%&
NBULTfit




Q
S
a

o4 |

20 |

high redshift D& THhiE, A=0 TH
Z2CZ225FLfitTE3,

0.1 0.2 0.5 1.0
redshift z






effective mp

24 |
22 |
20 |
18 |
16 |

14 |

Qm—O 28, £2,=0.72 —

A

40 high-z (>0.3) SNe Ia
20 low-z (<O. 2) SNe Ia ®

0.02

0.05

0.1 0.2 0.5
redshift z

1.0



FHA/INTXA—FREDHSFXUL
o HHIC low redshift *—IHh 5

o ZNDEZ—E & LT high redshift ¥—4% %
fit L&S&THE, Q) DBREICTKES.

o low-z & high-z TERZED M EHEIE,
Fhzhis A ELTS fit T=3.



low-z, high-z T:E> M. ZODEIRIE?

C
M=M-+5Ilo 5
+ g10 H,

low-z F8I8% & high-z BB TI...

1. BXIFR M HES
2. X c hHES
3. H, hYES



BEED m-z relation BEKRIT 3D,
ADHBZETIFEL,
Hy X Q,, BD—ETIEFEWS &17?



MDEWVWD Hy DEWNICEKD, &£95L&...

Ho (high-2)
24.01 — 24.27 = 5log,
H()(lOW-Z)
\{}
H(high-
o(high-2) _ g9
Hy(low-z)

high-z @ Hy H 11% WSV, EThiE
Dark Energy 7& LT OK



F—RFEHD
post-FriedmannilZIR&
luminosity distance Ic

EDEDICHDRATD?




—IRFHE5,

1 "
Hy = 50(1‘0, x;) = H(ty) (lrfé;&)
871G p(ty, x') .
Q. = L = ,,(%)) (E’#‘&)
3 Hy*

F—ERFHTII,

H(to, ') = H (0, X' (2)) = Hy(2)

Q, (10, ') = Qp (10, % (2)) = Qu(2)



E—ERFEHTIE
expansion 6 ¥° density p DZEREKEFEMHEICEERL T
Hy ¥ Q,, &, —fICredshift z KFHEZFDOIESS.

Hy(z) =H0(1+h12+h222+°--)

Q,.(2) = (1+w1z+wzz+ )

hi, hy, w1, >, - Hipost-Friedmannian corrections



RFZE DIE— R ICHER T S post-Friedmann FI#HIE Z
% & U 7= luminosity distance

D (2) = _i(z+flzz2+gl3z3 +)
H,
672 = %(Z—Qm+ZQA—4h1)
673 = %(an+4QA2—4QmQA—2Qm—4QA)

+(terms with /¢, /1,, w1)



AT —4 EDfittinglc &k > TE SN dy, d3 D5
— I REAFHEEBWVWAAT
FHB/INTA—TZ2KDHD &

TCC‘.’.Z_, QA = OT%?T:E)

eff
QA

d (2212 - 1) — d;
1 - 4 2
— g 6hlﬂm + ga)lﬂm —_ 4h1 + 8 (hl) + 8h2

JE—ERFEH D post-Friedmannian correction Ht

QL ELTHEED!



*hTH
— i ReF /) FH Ic
lcbhd?




— i REFEHAETFIVICCDOIESRD
'Dark Side: I®E...

IEFEARBHD "TDark Sides @
BAISRIREAERICTES ?



'Dark Side;
[C

BERIERDE !




FF— I RFHREEIC
Force®D#IMNED
BOEITELSIC...




jp-arXiv.org > astro-ph > arXiv:astro-ph/0703298v3

Astrophysics

Apparent Acceleration through Large-scale
Inhomogeneities --Post-Friedmannian
Effects of Inhomogeneities on the
Luminosity Distance--

Masumi Kasai

(Submitted on 13 Mar 2007 (v1), last revised 24 May 2007 (this version, v3))

We re-analyze the observed magnitude-redshift relation of type la

supernovae (SNe la) and examine the possibility that the apparent

acceleration of the cosmic expansion is not caused by dark energy but is

instead a consequence of the large-scale inhomogeneities in the universe.

We propose a method to phenomenologically describe the effects of the

large-scale inhomogeneities without relying on the specific toy models of the
inhomogeneous universe. This method clearly illustrates how the
post-Friedmannian effects of inhomogeneities, i.e. the effects due to the deviation
from a perfectly homogeneous and isotropic model, act as an effective cosmological
constant in the magnitude-redshift relation of SNe la.



