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We study cosmological tests of models that can explain the apparent accelerat
ed expansion of the present universe. In this thesis. we provide methods of tes
ting these models by particularly focusing on inhomogeneities of the universe,
because, practically, our universe is inhomogeneous.

First, we consider the effective gravitational stress-energy tensor [or short
~wavelength perturbations in modified gravity theories in the cosmological cont
ext. We address this probiem in a simple class of [ (R gravity theories on the
assumptions that (i) the background, or coarse-grained metric averaged over sev
eral wavelengths, has the Friedmann-Lemaitre-Robertson-¥alker symmetry and that

(ii) when our f®) theory reduces to Einstein gravity, the field equations of
Einstein gravity should be reproduced. We show by explicit computation that the
effective gravitational stress-energy tensor for a cosmological model in our {
(R) theories, as well as that obtained in the corresponding scalar-tensor theor
y, takes a similar form to that in general relativity and is in fact traceless,
hence acting again like a radjation fluid as in the case of general relativity

If the assumption (ii) above is dropped, then an undetermined integration con
stant appears and the resultant effective stress-energy tensor acquires a term
that is in proportion to the background metric, hence being in principle, able

to describe a cosmological constant. Whether this effective cosmological const
ant term is positive and whether it has the right magnitude as dark energy depe
nds upon the value of the integration constant

Although we have focused on the R2 model, especially concerning the FLRW back
ground, we have pushed forward our calculations with a general {®) gravity abo
ut an arbitrary background as far as possible, and have not used the property o
{ the R2 mode] about the FLRW background, up to (5.3.11) in Sec. 5 3. We can im
pediately note that (5.3.11) does not invelve any terms of fourth-order derivat
ives but has only terms of the square of first-order derivatives of perturbatio
ns hpv and 6B We have mainly worked in the Jordan frame in Sec. 5 2. When w
orking in the Einstein frame, we have shown the traceless nature of the effecti
ve siress-energy tensor by merely using the background FLRW symmetry: we did no
{ have to set S1 {o any particular value. This is in contrast to the case of th
e Jordan frame. This result obtained within the framework of scalar-tensor theo
rv indicates that the higher-order derivatives could also vanish in the metric
framework of general [ gravity theory for a generic background. However, to
see whether this is indeed the case needs further involved calculation, and Is
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beyond the scope of this chapter. This is left open for future study.
Our formulas derived in Sec. 5. 2 deal directly with the scalar curvature R an
d the Ricci tensor Ru v, and therefore should apply to similar analyses of oth
er modified gravity theories which contain higher-order curvature ferms compose
d of R Ry v, and Rabed and which cannot even be cast in the form of a scalar-
tensor theory. It would be interesting o consider an exiension of our present
work to a wide class of modified gravily theories with high~rank curvatures.
Second, we discuss temperature anisotropies of cosmic microwave background (C
MB) in local void models. We derive analytic formulae for the dipole and quadru
pole moments of the CMB femperature anmisotropy that hold for any spherically sy
mmeiric universe model and can be used {o compare consequences of this model wi
th observations of the CMB temperature amisoiropy rigorously. We check that our
formulae are consistent with the numerical studies previously made {or the CMB
temperature anisotropy in the void model. We also update the constraints conce
rning the location of the observers in the void model by applying our anmalytlic
dipoie formula with the latest WMAP data
We can also utilize our apalviic quadrupole formula fo discuss the relevance
of the LTB mode! to observed anomalies. For example, the observed magnitude of
the quadrupole is known to be signilicantly lower than the ACDM model predicts
. This is usually understood as a cosmic variance, i.e., to be produced by a sp
ecial feature of our Universe, ome particular realisation of the statistical en
semble. Because the local void model is one of such realisation with a very low
probalibity in the standard ACDM model, it is tempting to see whether the qua
drupole anomaly of the CMB anisotropy can be explained by 2 local void model. U
nfortunately, however, the above analysis of the constraint on the observer off
set by the dipole moment implies that the observed anomaly cannot be explained
solely by the induced quadrupole moment in LTB models. Nevetheless, this result
is not conclusive. For example, we have implicitly assumed that the off{-center
observer stavs at a fixed comoving position. 1{ the observer has a peculiar ve
locity pointed toward the center of the void, however, the value of &L could b
e chosen to be much larger than the case with no peculiar velociiy. If it is th
e case, then the observed anomaly of the quadrupole could be explained within t
he LTB models. Therefore, it would also be worth attempting to develop other an
alytic formulae concerning CMB polarizations. lensing effects, etc. that can be
used to distinguish the LTB and FLRW cosmologies.
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