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Space Is stiff!
Gravitational waves are tiny!
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I I o o r Detecbons  Mews  About LIGOscience  Educalional resources  Multmedia  For researchers  LIGO Lab site
L LIGO, Virgo, and partners make first detection of

gravitational waves and light from colliding neutron stars

ghteurve from Fermi/GBM (50 - 300 keV)

LSC’s main global communication tool.

sravitational-wave time-frequency map

Key products:
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* | science summaries. g e

GENERAL DETECTION RESOURCES

First detection)

DOCUMENTS, WEBSITES, & MULTIMEDIA

* collecting/curating resources
of the EPO group. =
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e for links to audio of LIGO events.
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* web page summaries of published papers; also |===
pdf “flyer” versions for handouts at booths/

* translations (~5 languages) for detection

Science summaries

one of our key EPO products.

events.

produced by members of paper writing
teams and further edited by EPO.

summaries.

More than 80 summaries since 201

Now core part of PWT responsibilities,
assisted by EPO group

LSC Essre

Collaboration

Intro to LIGO & Gravitational Waves  5¢

now festure, for esch new research artcis, a summary writen for the general public with 3 dovinioadable
and printabie fiyer in FOF farmat
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THE DAWN OF MULTI-MESSENGER ASTROPHYSICS:
OBSERVATIONS OF A BINARY NEUTRON STAR MERGER

On August 17, 2017 astronomers around the world were alerted to gravitational waves observed by the Advanced LIGO and Advanced
Virgo detectors. This gravitational wave event, now known as GW170817, appeared to be the result of the merger of two neutron stars.
Less than two seconds after the GW170817 signal, NASA's Fermi satellite observed a gamma-ray burst, now known as GRB170817A, and
within minutes of these initial detections telescopes around the world began an extensive observing campaign. The Swope telescope in
Chile was the first to report a bright optical source ($5517a) in the galaxy NGC 4993 and several other teams independently detected the
same transient over the next minutes and hours. For the next several weeks astronomers observed ti location with instruments
sensitive across the spectrum; these provide a ic event starting 100
seconds before merger until several weeks after. The observations support the hypothesis that two neutron stars merged in NGC 4993 -
producing itati waves, a short-duration g: y burst, and a kilonova. GW170817 marks a new era of multi-messenger
ational waves and electromagnetic waves.

view of this

astronomy, where the same event is observed by both gravit

INTRODUCTION

The idea of a neutron star (NS) was first presented over eighty years ago in 1934, but it was
another 33 years before they were observed. In 1967 X-ray emission from Scorpius X-1 was
determined to be from a NS, and later the same year the first radio pulsar was discoverad,
since then several binary neutron star (BNS) systems have been discoverad, including
the Hulse-Taylor binary, a BNS where one of the NSs is a pulsar. BNS have provided strang
observational tests of General Relativity including the first firm evidence for the existence
of gravitational waves (GWs). Since the early days of LIGO, BNS mergers have been
considered a primary target for gravitational wave abservations.

In the mid-1960s gamma-ray bursts (GRB) were discovered by the Vela satellites, and later
established to be of cosmic origin. Determining the sources of GRES has been one of the key
challenges in high-energy astrophysics ever since. The idea that GRBs might be related to
BNS mergers had been put forward early on and in 2005 the field experienced a
breakthrough, when a short-duration gamma-ray burst (sGRB) was localized to a host galaxy,
and multi-wavelength (x-ray, optical, radio) afterglows could be observed. These multi-
wavelength observations provided evidence that sGRBs might be associated with BNS
mergers or the merger of a NS with a black hole.

Artist's ilustration of two merging neutron stars. The narow beams
represent the gamma-ray burst while the rippling spacetime grid

A MULTI-MESSENGER DISCOVERY indicates the isotropic gravitational waves that characterize the merger.
On August 17, 2017 NASA's Fermi satellite and its Gamma-ray Burst Monitor (GBM) f:’;’,i"55;"1:2‘j".’;h’z"‘:;f;t’m’;‘:f’f’:’",'”' T e o

instrument sent an automatic alert about GRBL70817A. It took about 6 minutes for Soience Foundaton/LIGO/Samome State Uniessigft Smonnet
automated LIGO data analysis to find that 2 candidate GW transient (later designated

GW170817) had been detected at almost the same time at the LIGO-Hanford observatory.

The GW was consistent with a BNS merger occurring less than 2 seconds before GRE170817A

and the LIGO-Virgo rapid-response team manually inspected the data and issued an alert, FIGURES FROM THE PUBLICATION
reporting that  highly significant GW candidate was associated with the time of the GRE. For more information on these figures, see the ullpublicaton here.
Initial analysis of the data identified the area of the sky most likely to be the source of the
GRB170817A and GW170817 signals, shown in Figure 1.

This event marked the first GW multi-messenger discovery: it was observed by both GWs and
electromagnetic (EM) waves. With the area of the sky identified from the GW and gamma-
ray signal, telescopes around the world focused their effort to make further observations
associated with this source. There was a plethora of key observations that occurred at
different electromagnetic wavelengths, as well as neutrino fluence measurements, and
Figure 2 shows a timeline of the . The mul length were

rtical to the richness of this scientific discovery. *
At the time of the alert for GW170817, the lacation of the source in the sky had set in 3 .
Australia, but it was still well placed for observing by telescopes in South Africa and Chile. In A\

the first few hours of Chilean darkness, the Swope telescope identified an optical transient S\

(55517a) in the galaxy NGC 4393. Over the next two wesks, & network of ground-based

talasranas and <naca-hacad nhearvatriss followarl 1n the inifial dafartions snanning the Einnirs 1 {enlization of the armitationaiswnss aammasrms and antien
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EPO Social Media:

GW170817

FirsT CosMIc Event Osserveg [N

GRAVITATIONAL WAVES AND LIGHT
g

VIk‘gg LIGOVIrgo SUBSCRIBED 22K M@

HOME VIDEOS PLAYLISTS CHANNELS DISCUSSION ABOUT Q >

71 am very proud of having led
the Collaboration at the time of
the discovery, but most of all
I'm proud of having seen the
Observatories and the
Collaboration grow into a
large, diverse, and

Aiming to improve social media
coordination with laboratories,
institutions, consortia and other GW
projects.

Thinking hard about how best to

support 03 public aIert L I G

W) Analytics Home Tweets Audiences Evenis More v

Tweet activity

Your Tweets earned 6.9M impressions over this 31 day period

Top Tweets  Tweets and replies  Promoted pressions Engagements

LIGO v O v Sign up for Twitter Ads.

E] October 2017 v &, Export data

During this 31 day period, you eamed
223.2K impressions per day

Engagements

W Analytics Home Tweets Audiences Events More w

Tweet activity

Your Tweets earned 1.3M impressions over this 31 day period

)

EJ December 2017 v & Export data

During this 31 day period. you eamed
41.9K impressions per day

Top Tweets  Tweets and replies  Promoted

bAnaIytics Home Tweets Audiences Events Morew

Tweet activity

Your Tweets earned 549.6K impressions over this 22 day period

v @~ O

[ Feb 1 - Feb 22, 2018 v LE

YOUR TWEETS

During this 22 day period, you
24.8K impressions per day.
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Citizen science: (7 einstein
Einstein@home c N

HOME NEWS pa-l¢ldlls3y COMMUNITY HELP

About Us ‘ Data Analyses | Screensaver ‘ Publications | Discoveries

* distributed computing project;
analyzes data during your computer’s
idle time.

* search for continuous GWs from
spinning neutron stars. Also look for
new pulsars in radio or gamma-ray data.

* Key recent results:
— 13 new gamma-ray pulsars (Jan. 2017).
— most massive double neutron star system (Nov. 2016).
— measurement of braking index of new gamma-ray pulsar (Nov. 2016).
— 13 new radio pulsars discovered (Aug. 2016).
— limits on GW amplitude and ellipticity from spinning neutron stars (Sep. 2016).
(einsteinathome.org)



Citizen science: GravitySpy.org

volunteers help classify LIGO glitches; train machine learning algorithm and
identify new glitch classes.

« ~9000 volunteers, ~2.2 million glitches classified. (Aug 2017)

* currently using 02 data.

CLASSIFY COLLECT

Help scientists at LIGO search for
gravitational waves, the elusive

_ ripples of spacetime.
~% -

§ *?‘
" 1
et started

6 people are talking about Gravity Spy right

Frequency (Hz)
Frequency (Hz)
Frequency (Hz)




LIGO Open Science Center (LOSC)

LIGO Open Science Center

| |
- -
Main public portal e
and supported by the U.S. National Schence Foundation.
for LIGO data:
L]
Getting Started Welcome to the LIGO Open Science Center
Tutorials About LIGO
- Data Get Started with LIGO data
] Join the E-mail list for updates
https://losc.ligo.org/ o i e o e TS b g
Bulk Data If you have LSC credentials, you may go to the development site
Timel
" Discoveries from the LIGO detectors!
y Sources
Software released 2017 June 1:
key prOd ucts . Event of January 4, 2017: GW170104: total mass 50
. GPS « UTC S

* h(t) data segments near detected events.

* past (S5, S6) and future data releases for science/observing runs.
* some data from publication figures.

 documentation and software tools for using data.

* python-based tutorials: play with data to extract detected signals.

* ~100 users/day [ Open F2F workshop in March 2018 J
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