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 Test GR

General 
Relativity

Alternative 
gravity theories

T. Clifton et al. 2012; E. Berti et al. 2015

Challenges
Dark energy
Dark matter
……

Test GR     in the strong-field regime

GWs originate from 
compact objects

Detect additional 
polarizations of GWOne method

B.S. Sathyaprakash & B.F. Schutz 2009

Identify deviations     beyond GR
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 Polarizations of GW

A. Nishizawa et al. 2009C. M. Will 2014

General Relativity allows two (tensor) polarizations.
General metric theories allow six polarizations.

Allowed

Depends

Forbidden
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 Our work

GW source Waveform Detectors Results

SBBH

MBHB

ppE
framework 

Ground
LIGO, Virgo

KAGRA, ET

Space
LISA, Taiji
TianQin

Constraints 
on ppE

parameters
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 GW waveform

L. O’Beirne et al. 2019; C. Liu et al. 2020

ppE parameters

The extended ppE framework is utilized to 
construct a model-independent test for GR.

frequency

amplitude

K. Chatziioannou et al. 2012
D. Hansen et al. 2015
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 GW waveform
The current observations of 
GW events are transient

LIGO & Virgo 2023

Quadrupole

Tensor

Dipole

Vector, Scalar 

Assumption

Comparison of GR and ppE frameworks
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 GW detector

Space 
• LISA P. Amaro-Seoane et al. 2017

• Taiji p/c/m G. Wang et al. 2021

• TianQin I/II S.-J. Huang et al. 2020

Ground
• LIGO J. Aasi et al. 2015
• Virgo F. Acernese et al. 2015
• KAGRA K. Somiya et al. 2012

• ET M. Punturo et al. 2010

On networks   R.-G. Cai et al. 2023; J. Wu & J. Li 2023 
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 GW source

MBHB

SBBH

Multiband observation of BBHs
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 Data analysis

MBHB

SBBH

90 days (space)

10 min (ground)

14 parameters

cut-off frequency and duration

1 year (space)

SNR and uncertainty

M. Vallisneri 2008; C. Liu et al. 2020
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 Results with ppE parameters

Ground 
• ET>LIGO>KAGRA>Virgo
• Scalar mode degeneracy
• ET>LVK (except localization)
• LVK+ET improve localization

Space 
• Taiji>LISA>TianQin
• TianQin (configuration)
•                       better than ground
• LISA+TJm is the best
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 Distance & multiband observation

Distance 
• K: Space<ground
• Ground degeneracy

Multiband 
• Resolve degeneracy
• improves outcomes 

(except ET)
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Our findings underscore the potential of future GW 
missions through precise measurements of polarizations.

 Summary

Space 
• Taiji has the most stringent constraints
• LISA+TJm performs best

Ground 
• Scalar mode degeneracy
• ET surpasses 2-gen detector combinations

Multiband 
• Effectively mitigate degeneracy

 Outlook

Future 
• Longer-duration GW signals

• Non light speed propagation

• Time-delay interferometry

• More general BBHs

• Existing GW events

• Multimessenger observations
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