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m Will gravitational waves confirm Einstein’ s General
Relativity? arXiv:0907.2162

B 5|J0maE: |
1 S8t G
G,u,y = R,u,;r; - 5 g,u,:; R = C—4 .T,u,y .
B a9 () = 1w + P (T.1),
B A% HO IR BH 1S 1)
) EpJBEH
B ;&Ej]j’j_%:z: Dhﬂﬂ = — 167 TCIIS .

B Transverse-traceless #1558 N EE R

ha (t, %) = Re{hs e (@ F/r0) o4 ().
TG AL
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B Einstein 1916

x® ..\ :
Al e 2(—-3 P»—) - (21)

24% «f
Wiirde man die Zeit in Sekunden, die Energic in Krg messen, so

I ¢ &
wiirde zu diesem Ausdruck der Zahlenfaktor -(ﬂ hinzutreten. Beriick-

sichtigt man auBerdem, daB x = 1.87-107", so sieht man, daB3 A in
allen nur denkbaren Fillen einen praktisch verschwindenden Wert

haben mubB.

“.....in any case one can think of A will have a practically vanishing value.”

RRFHH: ERARBEANBLT, S7KENE T YRS
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|84 Selected for a Viewpoint in Physics week ending
PRL 116, 061102 (2016) PHYSICAL REVIEW LETTERS 12 FEBRUARY 2016

S

Observation of Gravitational Waves from a Binary Black Hole Merger

B.P. Abbott et al.”

(LIGO Scientific Collaboration and Virgo Collaboration)
(Received 21 January 2016; published 11 February 2016)

On September 14, 2015 at 09:50:45 UTC the two detectors of the Laser Interferometer Gravitational-Wave
Observatory simultaneously observed a transient gravitational-wave signal. The signal sweeps upwards in
frequency from 35 to 250 Hz with a peak gravitational-wave strain of 1.0 x 102!, It matches the waveform
predicted by general relativity for the inspiral and merger of a pair of black holes and the ringdown of the
resulting single black hole. The signal was observed with a matched-filter signal-to-noise ratio of 24 and a
false alarm rate estimated to be less than 1 event per 203 000 years, equivalent to a significance greater

than 5.16. The source lies at a luminosity distance of 410715} Mpc corresponding to a redshift z = 0.09003.

In the source frame, the initial black hole masses are 36”_L45 M and 291LiM o and the final black hole mass is
624 M, with 3.0f8;55 M ,c? radiated in gravitational waves. All uncertainties define 90% credible intervals.

These observations demonstrate the existence of binary stellar-mass black hole systems. This is the first direct
detection of gravitational waves and the first observation of a binary black hole merger.

DOI: 10.1103/PhysRevLett.116.061102 ! PRL 116, 061102 (2016)
m]anusz Gil Institute
128
Al’h
1
131y,
1334

“Deceased, April 2012.
bDeceased, May 2015.
‘Deceased, March 2015.




GW150914 (PRL,116,061102 (2016))
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The detection (GW150914) rrL 116, 061102 (2016)
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The third Gravitational-wave Transient Catalog

B 2 EBNEEISTT 231N, EEITI0RE|73K
(WEHS2|/%E: 83 BBH, 2 BNS, 3+2 BH-NS)

Masses In the Stellar Graveyard

LVC 2016-2020 Wi 45 B



O3 events

Masses in the Stellar Graveyard

LIGO-Virgo-KAGRA Black Holes LIGO-Virgo-KAGRA Neutron Stars EM Neutron Stars

B Where are they ?

m A Wide field surveys
m Why are they so massive ?

m B. Stellar astrophysics and Galactic structure and evolution
m How can we use them ?

m_C. Cosmic transients and cosmology
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The Multi-Messenger Astrophysics event
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m Observational triangle

Fan, Messenger & Heng, ASSP, 2015
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From GW data analys’i

Fan, Messenger & Heng, AplJ 2014
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From EM data analysis
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- —

The prior of Y used in GW or EM data analvsis



A Bayesian approach : GRB luminosity

B GW170817 and GRB 170817A
(LVC+ Fermi+ INTEGRAL, APJL, 2017)

estimated using a Bayestan approach proposed by Fan (2017).

week ending

PRL 119, 181102 (2017) PHYSICAL REVIEW LETTERS 3 NOVEMBER 2017

Probing Intrinsic Properties of Short Gamma-Ray Bursts with Gravitational Waves

Xilong Fan, " Christopher Messenger,2 and Ik Siong Heng2
'School of Physics and Electronics Information, Hubei University of Education, 430205 Wuhan, China
*SUPA, School of Physics and Astronomy, University of Glasgow, Glasgow G2 800, United Kingdom
(Recetved 13 July 2017; revised manuscript received 18 September 2017; published 3 November 2017)
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Gerosa et al. arXiv:1703.06223
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B Detection by space detectors

m ~ 10" 4 of 107 galactic binaries by two years

observations

(useful for binary evolution model?)
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Total energy density spectrum

0 ShAdeIGO f3 1 1071_2

B Extracting the SD background? y o\ 2AfT 3H
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1077

Frequency(Hz)

Fanetal 20183 PRD ., arXiv: 1712,007834

| /
SD-Gaussian models SD-QNM model


http://arxiv.org/abs/1712.00784
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EOSF0 T uv

energy energy \
density flux
log T
TP = (K)
mom. stress
density tensor

<ASTROPHYSICS PROCESSES> By HALE BRADT

P ,
6 F P:EkT

P a7t Radiation Gas
B 37 y .pressure Pressure
ominant dom.

0 |
"NON DEGENERATE - "y, " DEGENERATE -

Non-

P p5f3

| Relativistic

relativistic |

| Po(p4/3 7]

logp (kg/m?)

8

2.1 The energy-momentum tensor of a perfect fluid in Cartgsian coordinates and in
the rest-frame of the fluid has the following form

1T =

(@0 00)
0P 00
00 PO

\000P)

(2.60)

where ¢ and P are, respectively, the energy density and the pressure of the fluid.

12
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GW asteroseismology: &ftE&R

0[G,., —8nT,,] =0 Einstein equations, (134)
) [u“VaTﬂ =0 energy conservation, (135)
§[Prv, T2 =0 momentum conservation, (136) .
" Luciano
0 [Vyu(nu") = 0] baryon number conservation, (137) 2003, gl’-qC/ 0302025v1
A A
=P _ Fl—n adiabatic condition. (138)
P n
7 Buffer 1 " Buffer2 -,

Weak field

-
- *
R -~ -
.

-------

-

PN 773, Lackey 2012
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p=p% +edp
L filu ,ﬁ{ZlK (0)
B the polar (even-parity) equations p=p +eop
m couple the thermodynamical variables to the )
metric variables. (K¥ET) w, = uy, + €du,
m polar w-modes
= coupled to fluid motion ( “ KM 7 ) ® = @0 + €50,

s very weakly ({H2A] DLECZEHLIE)

m Similar to the axial w-modes

B the axial (odd-parity) perturbations
m do not mduce fluid motion except for a stationary rotation; (f—+

m The fluid sha es the potential barrier associated to the spacetime.
curvature. (TOV)

B O AERFEEE THIRegge-Wheeler 572

m Schroedinger-like equation
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The EOS of WD TDE by GW

0.1% WD radii difference
0.57h and 2.59h TDE's EM signals
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From the inspiralling GWs
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Tension With the Hubble Constant
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Figure 1: Recent values of H, as a function of publication date since the Hubble Key

Project (adapted from Beaton et al. 2016). Symbols in blue represent values of H,
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