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RECONSTRUCTION OF f(G)-GRAVITY THEORIES

❖ Motivation of f(G)-gravity theories (Refer Naruko & 
Buoninfante’s talks for even more general models)

❖ Cosmological constraints Reconstruction methods from 
observations

❖ Rewrite models with observed quantities

❖ Viable f(G)-gravity theories

❖ Conclusions 
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MOTIVATIONS OF f(G) GRAVITY
❖ Current observations indicate accelerating expansion of the 

Universe.

❖ Especially, accelerating universe prefers phantom dark energy 
(DE)

❖ Usual DE models can’t explain phantom accelerating universe 
(e.o.s w < -1, energy creation) 

❖ Modified gravities can explain phantom region without 
violating energy conditions
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❖ COSMOLOGICAL CONSTRAINTS

❖ Cosmological observations 

prefer phantom DE (w <-1)

❖ (Refer 1811.02375)
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PROBLEM OF DE PHANTOM

❖ DE with w < -1 : creation of energy

❖ Modified gravities : w_eff < -1 doesn’t mean creation of 
energy

❖ f(R) gravities are well studied

❖ Including Gauss-Bonnet term does not change Einstein 
field equations. 

❖ f(G) gravities are not well known
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RECONSTRUCTION OF f(G) FROM OBSERVATIONS

❖ Not assume any specific form of f(G)

❖ Reconstruct f(G) from observational observables

❖ Observables background (e.o.s, ω) and LSS (growth rate 
index, γ) 
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RECONSTRICTION f(G) GRAVITY THEORIES

❖ Model buildings
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RECONSTRICTION f(G) GRAVITY THEORIES

❖ Background evolution equations
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RECONSTRICTION f(G) GRAVITY THEORIES

❖ Model buildings
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FOR NUMERICAL CALCULATION

❖ In order to perform numerical calculation, it’s better to 
change the derivatives w.r.t e-folding N=ln a = - ln (1+z) 
and change functions as dimensionless quantities
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OBSERVATIONAL f(G) GRAVITY THEORIES

❖ Model buildings from observables
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RECONSTRICTION f(G) GRAVITY THEORIES

❖ Model buildings
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INITIAL CONDITIONS
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MAIN NOTICE
❖ One need three initial conditions. However, one can 

obtain only two initial conditions.

❖ One can have a further constraint from stability 
condition

❖ In order to avoid the singularity problem, one needs to 
extend the simple f(G) model. We assume
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OBSERVATIONS
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OBSERVATIONS (Planck)
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OBSERVATIONS (Planck)
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OBSERVATIONS (Planck)

18



APSchool&Workshop.2020 S.Lee

OBSERVATIONS (Planck)
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OBSERVATIONS (Planck)
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Bennet et.al 
19



APSchool&Workshop.2020 S.Lee

VIABLE f(G) GRAVITIES
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VIABLE f(G) GRAVITIES
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VIABLE f(G) GRAVITIES
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CONCLUSIONS
❖ Instead of assume any specific form of f(G) model, one can reconstruct 

viable f(G) models from observations.

❖ Constraint on G of viable f(G) in order to remove singularity can be 
generalized.

❖ They’re first analytic forms of f(G) without any assumption.

❖ One needs one more eq for initial conditions (might be obtained from 
GW mass constraints). Stability conditions provide a constraint on ICs.

❖ Are there any physical origins of obtained analytic fitting forms.

❖ Extension to Horndeski’s models are in progress.
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