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Inspiral Merger Ringdown
post-Newtonian (PN) theory no analyt. model perturbation theory

Effective-one-body (EOB) Numerical Relativity (NR)

Inspiral: Emission of GWs removes energy / angular momentum

Merger: Two objects will merge into single object

Ringdown: Single object reaches quiescent state
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Many facilities and telescopes have signed MoUs

Provide GW event candidate alerts within tens of minutes
3D sky maps are released for binaries

Provide "EM-bright” flag if event possibly includes NS

Initial GW Initial Updated GCN Circular Final

Burst Recovery GON Circular (identified as BBH candidate) sky map
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Advanced LIGO

Estimate it could take at least 12-15 months after ending O2 to
complete this work before beginning O3.

Advanced Virgo (2017)
Joined Advanced LIGO since 1 August 2017
KAGRA (2019-20)

iKAGRA run in 2016
Developing cryogenics, Advanced vibration isolation, optics, ...

LIGO-India (2024)

Site acquisition underway
Preparing export licenses for alLIGO detector components
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Deformed black holes emit quasi-normal modes (ringdown)
hy(t) = M Z Ay € m YU cos(wimt — me)
AF - = llm| + Im
,m

M
hy(t) = - Z Ajjm| et/ Tm YIM gin (Wit — ma)
I,m>0

Frequencies (wy, ), decay times (73,,) depend on mass and spin

Measuring two or more modes provides smoking gun evidence of

black holes and GR.

T ermmie 1LA PANIC2017. CNCC. Beijing. China 17



Introduction Detection jurrent Knowledge Future Prospects

[e]e]e]e] Jele]ele]e)

10°
-a- M3 -oa- M3
10°F - = - MI10 -0 - MI0
—e— Ml —o— Ml

w'E p>8 P > PGLRT

Observable
ringdown signal
(filled)

Significant
ringdown signal

(hollow)

Future detectors
can do ringdown
P& only science

Tijonnie Li PANIC2017, CNCC. Beijing, China 18



Introduction Detection Current Knowledge Future Prospects

[e]e]e]e]e] le]elele)

Black Hole

—wx

Exotic Compact Object
~ fﬁ/eiw(w—wo)

r = X

Tjonnie Li PANIC2017, CNCC. Beijing, China 19



Current Knowledge Future Prospects

[e]e]e]e]e] le]elele)

0.01

-0.01

-0.02

— Ty = —50]\47 R
0 200 400 600 800 1000
U — ULR

0.02

0.01

-0.01

-0.02

Tjonnie Li

— zp=-20M, R=1

0 100 200 300 400

U —ULR
PANIC2017, CNCC. Beijing, China 19



Current Knowledge Future Prospects Conclusions
0000008000 [e]e]

Introduction Detection
0000 0000 00000

= 0.2270 ms

102 g/cm?
10" g/cm?
10'° g/cm?

. CNCC, B ng., China



Current e Future Prospects
[e]e]e]e]e] 0000000800

|
E
|

credit: Rezolla et al.

Tjonnie Li PANIC2017, CNCC, Beijing. China 21



Current Knov

000000000

Our Universe is expanding 40000
Large-scale structure — how 000
it expands
30000
Measure distance and
recession velocity of celestial 25000
. <
objects § _
dL(Z; Ho,Qm,Qk,QA,w ) <
15000
Cosmological parameters
Hy Hubble constant 1000
(- Matter density 5000
Qp Spatial curvature
Qa, w  Dark energy !

Tijonnie Li PANIC2017, CNCC. Beijing, China 22



Introduction Detection Jurrent Knowledge Future Prospects Conclusions

000000000 e

Probe the Hubble
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OTHER SOURCES

Continuous Waves Sources

» Spinning neutron stars can have ellipticity and emit GWs
» Spin-down limit already beaten for a few pulsars

» O1 analysis not yet concluded

Core Collapse Supernovae

» Supernova explosion still mystery
» Interplay amongst all branches of physics

» GW can probe the explosion mechanism

Stochastic Background

» Superposition of unresolvable (binary) sources

» Useful to study populations
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Census of compact objects in binaries: masses, spins, merger
rate over time

Precision tests of general relativity

Probing the nature of black holes or more exotic objects
Internal structure of neutron stars

Large-scale structure and evolution of the Universe
Supernovae explosion mechanism

Multi-Messenger studies
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“Binary Black Hole Mergers in the
First Advanced LIGO Observing Run”.

“Localization and Broadband
Follow-up of the Gravitational-wave Transient
GW150914”.

“Observation of Gravitational Waves
from a Binary Black Hole Merger”.

“Tests of General Relativity with
GW150914”.
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“Astrophysical Implications of the
Binary Black Hole Merger GW150914”.

“The Rate of Binary Black Hole
Mergers Inferred from Advanced LIGO Observations
Surrounding GW150914”.

“Gravitational-wave sensitivity curves”.

“Spectroscopy of Kerr Black Holes with
Earth- and Space-Based Interferometers”.
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“A recipe for echoes from exotic compact
objects”.

“High resolution magnetohydrodynamic
simulation of black hole-neutron star merger: Mass
ejection and short gamma ray bursts”.

“Cosmological inference using only
gravitational wave observations of binary neutron stars”.

Tijonnie Li PANIC2017, CNCC. Beijing, China 29


http://arxiv.org/false/1706.06155
http://arxiv.org/false/1706.06155
http://arxiv.org/false/1506.06811
http://arxiv.org/false/1506.06811
http://link.aps.org/doi/10.1103/PhysRevD.95.043502
http://link.aps.org/doi/10.1103/PhysRevD.95.043502

	Introduction
	Introduction

	Detection
	Detection

	Current Knowledge
	Current Knowledge

	Future Prospects
	Future Prospects

	Conclusions
	Conclusions

	Appendix

