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Introduction

• Modified Gravity theories 

• Novel 4D EGB gravity VS Lovelock’s theorem

• Comments on Novel 4D EGB gravity

• Regularized scalar-tensor theory

• Non-minimal coupling 



Modified Gravity theories 



Novel 4D EGB gravity VS Lovelock’s theorem

Glavan D. and Lin C. “Einstein-Gauss-Bonnet Gravity in Four-Dimensional Spacetime”, Phys. Rev. Lett. 124, no.8, 081301 (2020)
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and consider the limit what if

Maximally Symmetric:

FLRW Cosmology: Scalar field 
equation
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Metric Fluctuation:
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https://arxiv.org/abs/2012.15219


Novel 4D EGB gravity VS Lovelock’s theorem

Glavan D. and Lin C. “Einstein-Gauss-Bonnet Gravity in Four-Dimensional Spacetime”, Phys. Rev. Lett. 124, no.8, 081301 (2020)
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Quantum corrections to gravity, 
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Conformal Anomaly



Comments on Novel 4D EGB gravity: Concerns

• Taking limit VS Discrete Index

• Restricted to EOM level: Boundary Terms?

• BT does not affect EOM, but must be fixed and finite 

• Mixed Boundary Condition?

• Symmetry Assumptions: Highly Constrained

• Bypass Lovelock’s theorem
Doesn’t destroy the Theorem

⇒ Variational Principle?
S. Mahapatra, Eur. Phys. J. C (2020) 80:992

1 G. Compere, D. Marolf, Class. Quant. Grav. 25, 195014 (2008), arXiv: 0805.1902 [hep-th]
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⇒ Counterterms in D
R. Olea, JHEP 0704, 073 (2007)



Comments on Novel 4D EGB gravity: Regularized scalar-tensor theory

Only trace is considered

Glavan D. and Lin C. “Einstein-Gauss-Bonnet Gravity in Four-Dimensional Spacetime”, Phys. Rev. Lett. 124, no.8, 081301 (2020)

Gurses M., T. C. Sisman, B. Tekin, “Is there a novel Einstein-Gauss-Bonnet Theory in 4 Dimensions?” 2004.03390 [gr-qc]

Vanish in 4D

Bianchi Identity can’t be satisfied



Comments on Novel 4D EGB gravity: Regularized scalar-tensor theory

P. G.S. Fernandes, P. Carrilho, T. Clifton, D. J. Mulryne, Phys. Rev. D 120, no.2, 024025 (2020)

Regularization in 2D Regularization in 4D

Regularized action 

and

Field equations

Regularized action 

Horndeski Class of theories (G. W. Horndeski, Int. J. Theor. Phys. 10, 363-384 (1974))

Same as original 4DEGB

• This class is more general than the original one 
in terms of symmetry

• They are not necessarily equivalent Hidden Scalar 
Degree of freedom



Regularized scalar-tensor theory

P. G.S. Fernandes, P. Carrilho, T. Clifton, D. J. Mulryne, Phys. Rev. D 120, no.2, 024025 (2020)

H. Lu, Y. Pang, Phys. Lett. B 809 (2020) 135717

,

• KK reduction, topological GB for 𝑝 ≤ 4 and scaling 𝛼 → Τ𝛼 𝐷 − 𝑝

added by hand

𝛼 → Τ𝛼 𝐷 − 𝑝 − 1 , 𝑝 ≤ 3

𝛼 → Τ𝛼 𝐷 − 𝑝 − 2 , 𝑝 ≤ 2

Phys. Rev. D 102, 024029

Without strong coupling



Motivation

• Combination of Regularized Scheme and Non-minimal coupling

• Dynamical Equation and its stability (DSA)?

• Cosmological evolution and observational constraints?



Combination of Regularized Scheme and Non-minimal coupling

,

• Taking limit

+ ...



Dynamical Equation and its stability (DSA)

• Dimensionless Variable

Fixed Points and Cosmological Parameters

• Linear stability theory
• Analyzing the signs of eigenvalues of 

Jacobian matrix



Dynamical Equation and its stability (DSA Scheme)

• Linear stability theory

• Define dimensionless variables

• Introducing 𝑁 = ln 𝑎 and take derivative WRT the 

variables

• Obtain systems equations

• Analyzing the signs of eigenvalues of the Jacobian matrix



Fixed Points



Fixed Points

𝜆 = 0.1

𝜆 = 0.3

𝜆 = 0.6

𝜇 = 0.3 and acceleration if  𝜆 < 0.746



Conclusions

• We use a regularization scheme in EDGB gravity and obtain well-defined 

EoMs

• There exist stable fixed points for GB branch for a preferred potential and 

coupling function

• No missing cosmological history

• We obtain parameter space for non-minimal coupling function and 

potential by fitting against the data



Speculations 

• It would be interesting to

• regularize the action

• consider the linear and second-order perturbation (2004.12998[gr-qc])

• Early Universe?

• consider the black hole 

• AdS would be interesting but counterterm in arbitrary D-dim is definitely non-trivial

• or a regularized action should be considered first and introducing ad hoc counterterm after 

fixing the dimension

• Holographic Transports? 



Thank You!


