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EVIDENCE FOR DISCOVERY OF GRAVITATIONAL RADIATION*

J. Weber
Department of Physics and Astronomy, University of Maryland, College Park, Maryland 20742
(Received 29 April 1969)

Coincidences have been observed on gravitational-radiation detectors over a base line
of about 1000 km at Argonne National Laboratory and al the University of Maryland,
The probability that all of these coincidences were accidental is ineredibly small, Ex-

periments 1mply that electromagnetic and seismic effects can be ruled oul with a high
level of confidence. These data are consistent with the conelusion that the detectors are

being excited by gravitational radiation,
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Simulation by the SXS (Simulating eXtreme Spacetimes) Project (http://Www.black—holes.orq).
https://youtu.be/1agm33iEAuo
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B RKRDIS IS ERE

NS-NS coalescence @180Mpc (95%C|) IRy

L: LIGO--Livingston

(1.4,1.4)Msun R
I: LIGO-Indea
mEdian Of 60 [Degz] 3025 95 From presentation by-H. Tagoshi

J.Veitch+, PRD85, 104045 (2012)
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....................................
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W ’ . CQG 28(2011)
105021

gAY D —2(1C KAGRA H'A013 (aLIGO + adv. VIRGO)
> FESRREEN 3-4 fEHL,
Tt B@E 80%IEE > 40 EROFIEEIFECES.

236 ICEPPIURSYA (201742H19-20H, BRI, BE, E%) 43




£33 : LIGO 01 Events

Event GW 150914

Signal-to-noise ratio

o~y
23.7

Parameters
* Chirp mass : (mq; m,)3/>/M/>
* Mass ratio : g =m,/m; <1

rate

p-value

Significance

* Angular momentum :

Cc

12 = Gz 1S12]
12 = Gz, 1912

* Component aligned with orbit
< 51,2 3 Z

X2 = Gm7 ,
* Effective spin parameter

My x1tmyxo
Xeff = M

0.09790

GWI151226 LVTI51012

13.0 9.7

0.045

) T4+
0.74™ 106

1. }—{ll

—0.2

50 000300
—190 ] ( }( _'( ) —500

y no+0.03
0.09" 04

350 1600

§823[E ICEPPYVRY2L (201728 19-20H, BERIWE, BE, RH)

44



LIGO O1D#EAFER

FLRIEARTAR(C, 220/~ ~ (GW150914, GW151226)
F1DOER (LVT151012, 87% CL) hEDH-f:.

i"ﬁ'”"‘ GW150914
| |
il

N
I
—
=

©

-
4

7]

o

[‘H
=
=
=
a1
o

c
©
=
n
=

- — Hanford
. —— Livingston

MMMNWM"JM“;";'.'.EE»

LVT151012

] ]

10!

102
Frequency (Hz)

MAAAAAWAMAAALNY I\"'r. Ll -,\'.'f\' WV

i
T ‘Il'l

1030.0 0.5

1.0 1.5
Time from 30 Hz (s)

5523[E ICEPPE >R UA (201742H19-20H, ERILEE, AR, KEF)

Strain (10721)




LIGO O1 (D#ERFER

- BRIRERRR | BREOFM
- RERR | BEDA > FORTOR DA,
- )\ OOST2 R B D bz - SHERE.

RYIDFER (RIDI6BDDT—IN5)

Number of events
[ A =
9

Binary coalescence search

20 30 4-14:4r =51¢g
20_3g 4g5.1g >51g
mEmm Search Result E
— Search Background
i T — Background excluding GW150914 -
-I'|_ GW150914

8 10 12 14 16 18 20 22 24
Detection statistic p¢

PRL 116, 061102 (2016)

O1DET —HFENTHER

20 30

20 3o 4g 5o

EEE Search Result
— Background excluding only GW150914 |7
— Background excluding all search results |J

‘_L ] |
|--|_ GW151226
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| = |
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Detection statistic g,

PRL 116, 241103 (2016)
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AN b — MOHETE

BBH merger rate : 9 — 240 Gpc3yr!

Mass distribution R/(Gpc—3yr 1)
PyCBC GstLAL Combined
Event based
GW 150914 32183 3.619% 34138
LVT151012 9.2+30.3 9.2+31:4 9.413%4
GW151226 SSE 37731 37437
All 531100 56119 5510
Astrophysical
Flat in log mass 31453 3075 30153
Power Law (—2.35) 1007136 95+138 99 +138

LVT151012
l GW151226

GW150914

!

+

noise model

9
—
N
w
+—
c
)]
=
[<H)
(.
(@]
e
<))
0
£
=3
=

signal model
TABLE II. Rates of BBH mergers based on populations with masses

matching the observed events, and astrophysically motivated mass
distributions. Rates inferred from the PyCBC and GstLLAL analyses
independently as well as combined rates are shown. The table shows
median values with 90% credible intervals.

signal + noise model
observed

| | | |
50 60 70 80 90
InL
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AHESIEFR

- Beam Cleaning and stab.

- Modulator, Isolator

- Fixed pre-mode cleaner

- Suspended mode cleaner
Length 26 m, Finesse 500

- Output MC
- Photo detector

EFiFet

- 3 km arm cavities

- RSE with power recycling
DC readout scheme

- Cryogenic test masses
Sapphire, 20K
"“Type-A’ vibration isolator
Cryostat + Cryo-cooler

- Room-temp. Core optics
(BS, PRM, SEM, ---)

ETM

Y-arm.cavity

IT™™

ETM

IT™

Power ~380 kW

Lase ; -
st Power-recyclin X-arm cavity
Gain ~11 Length 3,000 m
D Finesse 1,530
L —H—3%iR RSE: (Resonant

d sideband Extraction)

Wavelength 1064 nm N Signal-band Gain ~15
- Output power 180 W Detuned RSE

(Variable tuning)

High-power MOPA
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-LIGO : ™MEEM_EZ#RT, 2016.11KN5 O2R3LA.
> BEREFESKCTLT 70MpcOEBHIL>>.
BRI 2DDEFES{EH (FAR 1/month).

Detections New: About LIGO science Educational resources Multimedia For researchers Share

Latest news News archive Press releases Press information Blog Awards & Recognitions siteweekly

NEWS LIGO DETECTIONS

UPDATE ON LIGO'S SECOND OBSERVING RUN

28 January 2017 -- The second Advanced LIGO run began on November 30, 2016 and is currently in progress.
As of January 23 approximately 12 days of Hanford-Livingston coincident science data have been collected,
with a scheduled break between December 22, 2016 and January 4, 2017. Average reach of the LIGO network
for binary merger events have been around 70 Mpc for 1.4+1.4 Msun, 300 Mpc for 10+10 Msun and 700 Mpc
for 30+30 Msun mergers, with relative variations in time of the order of 10%.

So far, 2 event candidates, identified by online analysis using a loose false-alarm-rate threshold of one per
month, have been identified and shared with astronomers who have signed memoranda of understanding with
LIGO and Virgo for observational followup. A thorough investigation of the data and offline analysis are in
progress; results will be shared when available.

http://ligo.org/news.php
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* ET (Einstein Telescope)
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* CE (Cosmic Explorer)
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Classical and Quantum Gravity, 34 (2017)
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