
SEARCHING FOR THE ORIGIN OF

ACCELERATING UNIVERSE



OUTLINE

 ABC of Cosmology

 Evidences of an Accelerating Universe 

 Standard Cosmology (Background Evolution)

 Dark Energy vs. Modified Gravity

 Duality and Discrepancies between DE and MG

 Perturbations (Observables)

 Summary
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ABC OF COSMOLOGY
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ABC OF COSMOLOGY
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 Friedman equations

 Critical density and density contrasts

 Curvature

 EOS (equation of state) (sorry for typo! P = w*rho)

accelerationModification?
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Very small 
(negligible)



ACCELERATING UNIVERSE
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BACKGROUND EVOLUTION

 Luminosity Distance (For students, arXiv:astro-ph/9905116)
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DARK ENERGY VS.

MODIFIED GRAVITY
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DARK ENERGY VS.

MODIFIED GRAVITY

 Still require Dark Matter in both theories except TeVeS

SKY LEE. CYCU                             MARCH.03RD. 2009 

8



DARK ENERGY MODELS I 

 Cosmological constant

 Quintessence
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(UNIFICATION OF DM & DE)



QUARTESSENCE II
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 A broad class of alternative gravity theories

Y : matter fields

 f : a scalar field
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DUALITY OF DE AND MG
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 Friedman equations



DISCREPANCIES DE AND MG
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 Perturbational Evolutions 



PERTURBATIONS

 To get a well defined infrared limit, time and 
space dependence of perturbations must be 
factorized for long wavelengths.  
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PERTURBATION EQUATIONS
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PERTURBATION QUANTITIES
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PERTURBATION QUANTITIES

(CONTINUED)
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OBSERVABLES
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 Observables

 Evidences (?)

: (1) High peculiar velocity (~ 400km/s) [0809.4041]

(2) Bright High z SNe [0811.2802]



SUMMARY
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 The current Universe is under accelerating expansion.

 Either(/Both) Dark Energy or(/and) Modified Gravity may 
explain the accelerating universe.

 Dark Enegy models and Modified Gravity theories can be 
degenerated in the background evolutions.

 Accurate measurements for the background evolutions to 
constraint the parameters of theories.

 Compare with perturbational observables.

 Probably we can distinguish the origin of acceleration 
from both background and perturbation evolutions. 


