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Background and Motivation
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F(R) Gravity

F(R) Gravity Theory

Equation of Motion

Trace part of EOM

New Scalar Field = Additional Polarization Mode of GW

2019/4/28 Gravitational Waves and Chameleon Mechanism in F(R) Gravity

F(R) Gravity

[Buchdahl (1970)] etc.

cf.) EH action

To generalize:

cf.)
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More on Scalar Field

Scalar Field in (original) Jordan frame
Definition of Scalar Field 

Trace part of EOM = Scalar Field EOM

Eff. Potential  

Heavy in high-density region（Chameleon Mechanism）
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(Eff.) Mass changes 
according to external 
(matter) field
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Objective and Methodology

GWs are also ``Screened”?
Perturbations
　　　　　Metric =　2 Tensor Modes
　　　Scalar Field =　1 Scalar Mode 

[Capozziello and Corda et. al (2008)] [Liang, Gong, Hou and Liu (2017)] etc.
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Scalar Mode of GWs

Scalar Field   =   Background    +    Oscillation
Scalar Mode of GW

Chameleon Mechanism affects Scalar Mode?
‒ To depend on environment in which GWs propagate
‒ To create environment “by hand”   (Prof. Nojiri’s talk)

Matter Distribution
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Problem Setting
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GWs

Space (Media)
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EOM for Perturbation
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Maximally Symmetric Background
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Model of F(R) Gravity
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where

to cure singularity problem

[Starobinsky (2007)]
Viable F(R) gravity model for DE [Frolov (2008)] [Kobayashi, Maeda 

(2008)] [Dev et al. (2008)]

GR
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Background Space-time
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Unstable Minkowski

Stale de Sitter

Ignore background curvature 
Cf.) Wavelength << Hubble

Input background curvature
Cf.) Mass >> Dark Energy
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Environment Setting

To Consider Ground-Based GW Observatory
We solve KG-type equation

Following simplified environment:
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z-axis

Plane-waves enter 
Earth from infinity

Observatory on z-axis 
inside sphere
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More Simplification…

If Scalar Waves Vertically Enter Near Z-axis
‒ To ignore curvature. of sphere (Boundary is flat)
‒ Penetrating waves in high-density region = Plane waves

Fourier Transformation
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z-axis

Penetrating waves Incident waves
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Suppression of Scalar Mode
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Chameleon Mechanism as High-Pass Filter
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z-axis

Atmosphere
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Summary and Conclusion

Scalar mode of GWs
‒ Formulation with matter for chameleon Mechanism
‒ Maximally symmetric space-time for simplification

Chameleon mechanism in GWs
‒ Toy-model to reproduce environment of ground-based GW 

observatory 
‒ Decaying due to chameleon mechanism (as we expected!?)

Observation of scalar mode 
‒ Impossible by ground-based observatory 
‒ Maybe possible by space-based observatory   

due to low-energy density?
‒ Test environment-dependence of GW signal
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我们要天琴！
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是吧


