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Motivation

Modified Matter model

Modified Gravity model

Non Dark Energy model

 Quintessence, K-essence
 Coupled dark energy and matter, Unified dark energy and matter

 f(R) gravity
 DGP model

 Inhomogeneous LTB model

Int. J. Mod. Phys. D 21, 1230002 (2012) (arxiv: 1212.4726)

 Observational evidences
 Cosmological constant problem



Motivation

 The composition of the universe

 Supernovae as a standard candle

Let’s see the sky!



Motivation

 Observational evidences on Dark Energy

Figure 1: There is strong evidence for the existence of dark energy. Plotted are 
Ω𝑚 -ΩΛ (left panel) and Ω𝑚 - ω (right panel) confidence regions constrained 
from the observations of SN Ia, CMB and BAO. From Ref. Astrophys.J. 686 (2008) 
749{778, [arXiv:0804.4142]

 accelerated expansion of the Universe, when 



Motivation

 Cosmological constant

= Einstein’s biggest blunder?! Λ = vacuum energy? 

색즉시공(色卽是空), 공즉시색(空卽是色) ??



Motivation

 Cosmological constant problem

Fine-tuning 
problem Theoretical expectation: 

Observation: 

“The worst theoretical prediction in the history of physics!” Why small?

Why now?

ρΛ

ρ𝑚

tnow!

ρCoincidence 
problem

𝟏𝟎𝟏𝟐𝟎

discrepancy



Modify Matter vs. Modify Gravity

𝐺μν = 8πG 𝑇μν

Gravity Matter

 𝐺μν ≡ 𝑅μν −
1

2
𝑔μν𝑅 describes geometry of spacetime



Modified Matter model

 Quintessence

𝐺μν = 8πG 𝑇μν

Scalar field (Φ)?

 T (t,x,y,z)



Modified Matter model

 K-essence

𝐺μν = 8πG 𝑇μν

…



Modified Matter model

 Coupled dark energy and matter

modified energy conservation equations

finding an appropriate form of the coupling δ

𝐺μν = 8πG 𝑇μν

Chameleon mechanism



Modified Matter model

 Unified dark energy and matter

𝐺μν = 8πG 𝑇μν

Chaplygin gas

Thus the Chaplygin gas behaves as dark matter in the early epoch and dark energy in the later epoch. 
It explains both dark sectors in terms of a single component.



Modified Gravity model

 f(R) gravity

𝐺μν = 8πG 𝑇μν

R          f(R) 



Modified Gravity model

 DGP model

𝐺μν = 8πG 𝑇μν

5th Dimension!

5D 4D

4D

5D

4D



Non Dark Energy model

 Inhomogeneous LTB model

Einstein equations for the dust dominated LTB Universe

Metric for a spherically symmetric inhomogeneous Universe

We are living in large underdense void!
Throw away the Friedmann-Lemaitre-Robertson-Walker (FLRW) metric !! 
(homogeneous and isotropic universe)



What to do?

 Dark Energy projects

Table 1: Dark energy projects. Classification is taken from 
ref. Report of the Dark Energy Task Force, astro-ph
/0609591. 
Stage I: completed projects that already released data
Stage II: on-going projects
Stage III: intermediate-scale, near-future projects
Stage IV: large-scale, longer-term future projects



What to do?

 Effective Newton's constant 𝐺𝑒𝑓𝑓

 Eötvös parameter η

satellite measurement

From Einstein's biggest blunder to the Nobel Prize in Physics 2011

- Now we are ready to meet the most mysterious 
cosmological discoveries!
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