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Experimental Evidences 
(Cosmological Concordance ?!)

SNe Ia (Fig from E.L.Wright 06)
CMB
Values for H (Age of Universe)
Baryonic Oscillations SDSS 
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Experimental Evidence II
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Motivations 

Observations are inconsistent with the expected universe 
( GR[FLRW] + Matter). Based on homogeneous and
isotropic space-time.
Need to change either Gravity or Matter (if we still 
believe homogeneity and isotropy). 
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Generalized Gravity Theories I

A broad class of alternative gravity theories
Ψ : matter fields
Φ : a scalar field
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Generalized Gravity Theories II
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Generalized Gravity Theories III
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Quartessence (Unification of DM & DE)
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Quartessence II
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Background Evolution

SNe Hubble diagrams for DE and DGP models (Fig 
from M.Ishak et al, 06) 
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Growth Factors

Growth factors of linear perturbations
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DETF probes
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Time Varying Alpha (Late time)Time Varying Alpha (Late time)
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Time Varying MassTime Varying Mass

Time Varying proton to electron mass ratio. (SL, 07) : Time Varying proton to electron mass ratio. (SL, 07) : 
observation : Eobservation : E--5 5 ChandChand et.alet.al, 04 (z ~ 2.8), 04 (z ~ 2.8)
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Spontaneous Spontaneous BaryogenesisBaryogenesis

To obtain the expected value of the baryon asymmetry 
(E-10), the freeze-out temperature are 10E10 GeV and 
1Mev for GUTs and EW, respectively.  (SL, personal 
note)



S Lee. IoP AS                              NTHU. Jun.14.2007 17

CMB T

S.L,G-C.Liu, K-W.Ng (06)
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CMB E,B,EB

Due to cosmological birefringence (double refraction), 
we have mixing between E and B modes (S.L, G-C.Liu, 
K-W.Ng, 06)  : counter example of Schiff’s conjecture  
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Summary

Homogeneity and Isotropy should be checked.
Alternative scenario on cosmology will give huge
effects on particle physics.
Both MG and DE models can satisfy current 
observations.
Geometric tests are not enough to separate MG 
with DE.
Need to distinguish possible models with 
upcoming observations. 
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QuintessenceQuintessence

Quintessence = Fifth 
Element (精髓 정수)
Air, Earth, Fire, Water 
(In Alchemy)
b, DM, n, γ
(In Cosmology)
Tip : Milla Jovovich
(In Film)
@ www.millaj.com



S Lee. IoP AS                              NTHU. Jun.14.2007 21

Quintessence Potentials (SL 06)
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Matter Power Spectrum II
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DE

DARK ENERGY IS NOWHERE!


