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Content

m The most generic propagation of GWs depends on

m GW frequency
m GW polarization
m GW source direction

m For the first time, we combined 11 GW events in the catalog
GWTC-1, and bounded multiple coefficients for generic
Lorentz/CPT violation

[ L. Shao, Phys. Rev. D 101 (2020) 104019 [arXiv:2002.01185]

“Combined search for anisotropic birefringence in the

gravitational-wave transient catalog GWTC-1"
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https://arxiv.org/abs/2002.01185

Gravitational-wave Data

First detection!

9:50:45 UTC, 14 September 2015
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Gravitational Waveform (time bomain)

m Inspiral: post-Newtonian expansion
m Merger: numerical relativity

m Ringdown: black hole perturbation

“Inspiral” “Ringdown”
post-Newtonian method BH perturbation
“Merge”

Effective-one body (EOB): Buonanno & Damour 1999, 2000 . .
Bohé, Shao, Taracchini et al. 2017 Numerical relativity
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Matched Filter

m Matched fitlering is a standard analysis method for wideband

time series data [Finn 1992]
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Parameter Estimation: GW150914

m GW data encode plenty of information of GW sources

m Apply Matched filter to data & theory

Primary black hole mass 36f§ M,
Secondary black hole mass 29:‘: M,
Final black hole mass 62:‘: Mg
Final black hole spin 0-67f8f8;
Luminosity distance 410:1868 Mpc
Source redshift z 0.09:()):82

LIGO/Virgo 2016, PRL
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GW Transient Catalog GWTC-1 (LIGO/Virgo 2019)

Type  m[Ms]  me[Mg] o [Mpc] Redshift z
GW150914 BBH  35.6%48 306130 4307150  0.09+0%3
GW151012 BBH  23.371%° 13.673, 1060755 0.21799%
GW151226 BBH  13.7+83  7.722  440*1%  0.09*9%
GW170104 BBH  31.077% 201732 960753  0.1973%7
GW170608 BBH  10.973% 7.67)% 32001  0.070%
GW170729 BBH  50.671%% 34.3%%] 2750713 0.48°%13
GW170809 BBH 352733 238732 9907320  0.20700°
GW170814 BBH  30.7'37 25329 580%189  0.1279%
GW170817 BNS  1.467015 1277303 40%}) 0.0173%9
GW170818 BBH 35573  26.87¢5 1020733  0.20%0%7
GW170823 BBH  39.671%° 20.4%%% 18501330 0.347%73
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Signals of GW Events
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Liu, Shao, Zhao, Gao 2020, MNRAS [arXiv:2004.12096]

Lijing Shao (% 3 &)

KAGRA International Workshop

CPT-violating GWs

7/18


https://arxiv.org/abs/2004.12096

GWTC-1: Sky Position (LIGO/Virgo 2019)

GW170818-HLV

GW170608
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Graviton Dispersion Relation

m GR: massless spin-2 metric field = E=p
m Lorentz-invariant massive graviton = E2=pP+m?
m Both the phase velocity £/p and the group velocity 0E/0p
depend on the energy/frequency of graviton
m GWSs gain frequency-dependent time delays when they arrive at
the Earth
m In a FRW spacetime, one has [Will 1998, PRD57:2061]

D (1 1
Aty=(1+z At+()
a=(1+2)| At 2 (2 fgl
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Propagation of GWs

= The extra time delay results in a phase shift in h(f) o e/V()

T2DM

KRN

V(f) = Var(f)

m On the other hand, the waveform is totally calculable and

deterministic in GR

m Therefore, GWs provide an observational window to the
dispersion relation of graviton

Lijing Shao (3F s &) KAGRA International Workshop CPT-violating GWs 10/18



Standard-model Extension

m The most generic linearized gravity has the Lagrangian

[Kostelecky & Mewes 2018]

1 2
‘CIC(d) = ZI’)HVIC(d)/-'”/,DO"I,'pcr

where K(Dwee — jc(dwpahiels2d, 9, .0,

m |t predicts a modified dispersion relation for GWs

o= (1-0= e+ @+ @)
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Standard-model Extension

w= (1 -0 @ ) s

de 4Y/m n)k(d
dm

2 —ay i @ 4 @
"F i = w0l Vim(i) [ (Eym T Ik(B)jm]
dm

_ S (d
=) 4Y/'m(")k((v3jm

dm

m Therefore, gravitons of different polarization or frequency,

coming from different directions have different velocity
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GWTC-1 Events

A simplified/naive approach: |cwcwAt| < 21/p
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We have all the information available to perform the test

Shao 2020, PRD101:104019
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Anisotropic Birefringence combined search
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We have all the information available to perform the test

Shao 2020, PRD101:104019
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Parameter Space in Gravity Tests

Kramer 2017
10-10 [T - o uGO)"‘I
pulsars. 80914
1075+ NSs
2 o>
o
o Lunar Laser ) s
g. 10-25 Rege s.:EIm Mercury  Cassini Jars EHT:Sgr A"
3 0®r o
°
o 107301 Sun 2 EHT:M87
§ 35
c 107> -
£
(em-2) 10 5 1
—lp Cosmo
10-45 | n
CMB peaks
R e e
10 105 10* 107 102 107! 10°

v/c

Lijing Shao (3F s &) KAGRA International Workshop

CPT-violating GWs



GWTC-2: Released Recently! (LIGO/Virgo 2020)

Masses in the Stellar Graveyard

in Solar Masses
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Matched Filter Analysis
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Mewes, PRD99:104062
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