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SATELLITE MEETINGS

1. Spanish-Portuguese Relativity Meeting (EREP2019), July 6, 2019, Valencia (Spain).

2. International Gravitational Waves Outreach Group Meeting, July 13, 2019, Valencia (Spain). Link >

3. Gravity: New perspective from strings and higher dimensions, July 16-24, 2019, Benasque (Spain). Link >
4. International Congress on Industrial and Applied Mathematics (ICTAM2019), July 15-19, Valencia (Spain). Link >

5. XXXVII Reunion Bienal de la Real Sociedad Espafola de Fisica, July 15-19, Zaragoza (Spain). Link >
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Working in partnership... =

“Cultural Collisions” is an interdisciplinary exhibition, lecture
and workshop series based on the art@CMS methodology. The
“Cultural Collisions in Canada” event creates a learning
experience for students and teachers to integrate Science and
the Arts. It is a novel concept and an innovative and

experimental collaboration in itself. ORIGIN is a network
involving several Astrophysics and High Energy Physics
experiments and research centres. ORIGIN's purpose is to
setup national Cultural Collisions learning and research
The early Universe 4 2 2 Y 5
< 2 > - : . experiences, in close partnership with local institutes,
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LSC: a global community

As of 2019-07-01: | & )
. 125 institutions |

on 5 continents @8‘99

(ligo.org)

* 1854 members
(roster.ligo.org) =

Atlantic
Ocean

e LIGO mainly funded 10 | 9
by US-American NSF
(with significant Y
contributions from i
UK, Australia, Germany)

 instrumental R&D, computing, data analysis, astrophysical interpretation, and
public outreach all benefit hugely from international contributions

« LSC outreach always needs to span audiences from the local to the global levels.

e, 3

From David Keitel’s LSC talk on Monday



LSC education & public outreach

« from the original LSC charter (2005):
“..carry out an outreach program to communicate LIGQO’s activities
and goals to the public, and to provide educational opportunities
for young people”

» official EPO group established 2008

e current chair: Martin Hendry (Glasgow),
former chairs: Marco Cavaglia, Szabolcs Marka, Joey Key |

D018 N0 EPO activities are part of LSC member
&S group’s MoUs and overall LSC program




the pillars of...

f2f

thg for;nal | politi- online NEW
=0 C:tign falrs media cal ligo.org |
tours conf _ public
2 con- social GW
edu- schools eren tacts out- media alerts
cation colleges ces reach
& unis
centers

etc.

and some great professional
VOIUNTEErS @dsamsgeatpoessonar |




{5 Select Language ¥

LSC P&
Scientific

u u
Collaboration
Detection: L T LIGO science Educafional resources  Multimedia  For researchers LIGO Lab site
Intro to LIGO & Gravitationsl Waves  Science Summaries  Popular Articles  Frequentiy Acked Guestions  Magazine  Advancad LIGO

SUMMARIES OF LSC SCIENTIFIC PUBLICATIONS LOOKING DOWN A DETECTOR
ARM

Ve now festure, for sch new research artics, @ summary written far the ganeral public with a downioadabls
and printatls fiyer in POF format.

DETECTION PAPERS

GWIT060E  Detection paper:
(Now 15, 2017)

* one of our key EPO products.

(Oct 15, 2017) o

GWITIa1T

Alsoin

* web page summaries of published papers; also
pdf “flyer” versions for handouts at booths/

events.
LSC e (@)//Au|NED=

L produced by members Of pa per Wriﬁng 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

e within minutes of theze initial detections telescopes around the world began an i b ing paign. The Swope tel in

Chile was the first to report a bright optical source (S55173) 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 this location with instruments

across the el ic sp: these observations provide a comprehensive view of this cataclysmic event starting ~100

seconds before merger until several weeks after. The ob support the hypoth that two neutron stars merged in NGC 4993 -

producing gravitational waves, a short-duration gamma-ray burst, and a kilonova. GW170817 marks a new era of multi-messenger
astronomy, where the same event is observed by both gravitational waves and el ic waves.

* translations (~5 languages) for detection | weww

The Idea of a nes
another 33 years before they were observed. In 1967 X-ray emission from Scorpius X-1 was
determined to be from & NS, and |ater the same year the first radio pulsar was discoverad.

Since then several binary neutron star (BNS) systems have been discovered, Including

L]
the Hulse-Taylor binary, a BNS where one of the NSs is a pulsar. BNS have provided strong
observational tests of General Relatiity including the first firm evidence for the existence
. of gravitational waves (GWs). Since the early days of LIGO, BNS mergers have been

considered 3 pnimary target for gravitational wave observations

In the mid-1960s gamma-ray bursts (GRBs) wer covered by the Vela satellites, and later
established to be of cosmic origin. Determining the sources of GRBs has been one of the key
challenges in high-energy astrophysics ever since. The ides 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,

i-wavelength (X-ray, optical, radio) afterglows coudd be observed. These multi
rvations provided evidence that sGRBs might be associated with BNS

L] L] '3 - .
. mergers of the merger of a NS with a black hole.
Artist's ifustration of two merging neutron stars. The namow beams
regresent the gamma-ray burst while the rppling spacetme grid

A MULTI-MESSENGER DISCOVERY INGICates e 1SOTrOpIc ravitaTiona! waves That characterize The merger
Swirling clouds of material ejected from the merging stors ore a possible
source of the lght thor wos seen at lower energies. Credit. Nationa!
serence G0/ State Unwersmy/A Simonnet

On August 17, 2017 NASA's Fermy satellite and its Gamma-ray Burst Menitor (GEM)
instrument sent an automatic alert about GRB170817A. It took about & minutes for
automated LIGO data analysis to find that 3 candidate GW transient (later designated
GW170817) had been detected at almost the same time at the LIGO-Hanford observatory.
The GW was consistent with 3 BNS merger occurning less than 2 seconds before GRB170817A

and the LIGO-Virgo rapid-response team manually inspected the data and issued an alert, FIGURES FROM THE PUBLICATION

Ll n Ll -
reporting ighly signifi candidate was associated with the time of the GRB, For more information on these figures, sas the full publication here
. Initial analysis of the data identified the area of the sky most likely to be the source of the I
GRB170817Aand GW170817 signals, shown in Figure 1. 00 = ;
.

This avent 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. Thers was 3 plethora of key observations that occurred at / ) e ]
different electromagnetic wavelengths, as well as neutnino fluence measurements, and | ' o A

P _ oLrE 08¢
Figure 2 shows a timeline of the observations. The multi-wavelength cbservations were \ ‘;v
critical to the richness of this scientific discovery. \ / ,.

L] - - /
At the time of the alert for GW170817, the location of the source in the sky had set in N\ / .
. Australia, but it was still well placed for observing by telescopes in South Africa and Chile, In RN ¥
. M y the first few hours of Chilean darkness, the Swope telascope identified an optical transient . s ot

(s5517a) in the galaxy NGC 4993. Over the next two weeks, a network of ground-based
and cpace-haced s followed 1o the initlal detactiong cpanning thy Liouge 3 fihe andantical
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EPO Social Media:

Your Tweets earned 6.9M impressions over this 31 day period

YOUR TWEETS

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

GW170817
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’
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Tweet activity E]December 2017 v & Export data
71 am very proud of having led
the Collaboration at the time of Your Tweets earned 1.3M impressions over this 31 day period
the discovery, but most of all woe YOUR TWEETS

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

I'm proud of having seen the
Observatories and the
Collaboration grow into a

large, diverse, and

collaborative team. If

Gabriela Gonzalez
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Tweet activity EIFeb 1 - Feb 22,2018 v & E:

We have |m p I’OVEd SOC|aI med |a Your Tweets earned 549.6K impressions over this 22 day period

coordination with laboratories,

During this 22 day period, you
24,8K impressions per day.

institutions, consortia and other
GW projects.

Current focus is on social media _
Su pport for 03 pUinC alerts Top Tweets  Tweets and replies  Promoted
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https://humansofligo.blogspot.com/

SUBSCRIBE SEARCH

LIGO Short profiles of people involved with the Laser Interferometer Gravitational-Wave Observatory

HOME - ABOUT

Pages
Home

About

Archive v

Labels v




online: Humans of LIGO

humansofligo.blogspot.com

 highlighting the humans behind our science
 with a focus on:

: younger members
2019 Cristina Torres

under-represented groups Memorial Award
Zoheyr Doctor

people with unusual
career paths or hobbies

e recognition for the
founding human

JAX SANDERS




e two main dissemination channels:
- ligo.org
- youtube.com

Yﬂu T“be http://youtube.com/LIGOVirgo

GW 170817 \
FirsT COSMIC EvenT OBSERVE h\ .
GRAVITATIONAL WAVES AND LIGHT \‘

-

online: videos

MULTIMEDIA

Visit the LIGO-Virgo Youtube channel for documentaries, explainers, talks, and more! Also check out videos and
audios below.

VIDEOS, AUDIOS

LIGO PRIMER

Watch the videos in this section to learn about what gravitational waves are, how they will be detected, and where
they come from.

.- Explained -
great materials (e.g. NR visualisations)
also on member group YouTube pages

special mention to Kai Staats:
- Vimeo.com/kaistaats




online: support of LVC public alerts

#0O3ishere — LVC now delivering public low-latency GW alerts to all professional
and amateur astronomers, to maximise multimessenger science opportunities

for scientists: GCNs and gracedb.ligo.org database
detailed info for astronomers: emfollow.docs.ligo.org/userguide
for full scientific scope, see K.Chatziioannou'’s plenary talk (Tue 12:00)

MAY 2019
SUN MON TUE WED THU SAT

1 2
8 9
15 16
N

”22 23

2" 129 O 30 31

(/@//\/IRG:) LIGO/Virgo Public Alerts User
' Guide

Navigation

Quick search




Exhibits

Astronomy's new Messengers
Listening to the Universe with Gravitational Waves

2009: $1M NSF-funded travelling exhibits.
 Featured at WSF, USA SEF, many other US venues

* Not well-suited to “pop up” events: even the small
version takes ~3 hours to assemble!...




Exhibits Recent focus on greater flexibility
- and scalability — creating easily
= L portable exhibit resources to be

used / shared across collaboration

“We have detected

r't undarestimate the power

._Hl

GRAVITATIONAL WAVE ASTRONOMY

Opening a new window on the Universe .
A new era of observational astronomy is about to dawn - with the first directdetections

of gravitational waves.
“We have detected
gravitational waves,
We did it!”

The (PTA 4

Visit our display to explore the huge
astrophysical potential of this new
window on the cosmos!

s UNIVERSE
10NAL WAVES

<eNiG TO EINSTEIN
Ernmsuos WITH GRAVITAT

—

“Ripples of Gravity,
Flashes of Light” y

WAV LY SANT
Fuo 160
Wi T ENING

55 cm = ~22 in¢
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(M2JJVIRGO _ L
Overview of Virgo outreach activities

* About 80 european institutes WWW.Virgo-gw.eu
« About 400 members P ¥ iindom

Ireland

wide range of activities across Europe:

. Czechia

® el 1 1 g o h "y “ vaki‘-‘!ﬂ £ Ukr
visits at the Virgo site Rt . o

Moldova

. { B Hungary
* web site O S0 Romaniallg
* activities on major social networks

* "Bulgaria

* participation to several events across Europe ) Spain, “Greece

* participation to art&science exhibitions

* dedicated initiatives to target some specific public no personnel hired specifically for

e comics on GWSs outreach: only on voluntary basis
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6000 - Total Visitors
¢ Visitors till Jul, 1st 2019
5000 @ Expected in 2019
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I— I SA We will observe gravitational waves in space

LISA MISSION LISA PATHFINDER NEW ASTRONOMY CONTEXT 2030 CONSORTIUM COMMUNITY

P LISA Consortium reboots to build mission

Call for applications to the renewed LISA Consortium

Artist’s impression of the new LISA constellation. © LISA Consortium

LISA Consortium Internal

Register as scientist

Code of conduct

Newsflash

LISA Consortium Reboot

We are now ready to reboot the
Consortium and ask you to
apply. You will find all necessary
information on the Application
Portal here:
https://signup.lisamission.org

Images




LISA Consortium Advocacy and Outreach Working Group

Context: a draft “mission statement”

The Advocacy and Outreach (a.k.a. “AdvoReach”) Working Group aims to promote, support
and coordinate:

1. communication and regular exchange of information between the mission teams
and working groups within the Consortium, and with the broader LISA community;

2. coordination, as appropriate, with outreach projects and activities carried out by
other Gravitational-Wave communities (e.g. LIGO, Virgo, NANOGrav, etc);

3. outreach to the wider astronomical community - particularly in common science
areas, advocating for LISA and emphasising the complementarity of LISA science;

4. promotion and raising awareness of LISA to different non-science audiences —
specifically the general public, journalists, politicians and other decision makers —in

terms of both the exciting science questions LISA will address and the remarkable
technology that will enable this.

AdvoReach co-chairs: Martin Hendry (University of Glasgow, UK)
Kelly Holley-Bockelmann (Vanderbilt University, US)
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Five pillars of LISA AdvoReach




“LISA” papers: “LIGO” papers:

1990-2019 1990-2019
Total number: 1409 Total number: 1619
M refereed M non refereed Wrefereed M non refereed
300 600
230 500
200 400
150 300
100 200
100

total number of citations : 13,543 total number of citations : 24,022



5 EUROPEAN SPACE AGENCY @' ABOUT SCIENCE & TECHNOLOGY FOR PUBLIC @' FOR EDUCATORS

lisa pathfinder

S a1 (e gm0 [c) gl LISA PATHFINDER

Missions

+ Show All Missions

OUTREACH RESOURCES

o This page collates a number of outreach resources for LISA Pathfinder
Mission Home

+ Summary
Shortcut URL

+ Fact Sheet CONTENTS OF THIS PAGE http://sci.esa.int/jump.cf
+ Objectives T e m?0id=56932

Participants
+ Mission Team

+ Industrial Team

Outreach resources

Background
« Why LISA Pathfinder?

+ A challenging build

: . LAUNCH-RELATED MATERIAL
+ What LISA Pathfinder is

doing and how

: otage of launch.
+ Paving the way for

gravitational-wave

- extended, with commentary.
observatories in space

+ 100 years of General
Relativity

ESA media kit for LISA Pathfinder.

« LISA Pathfinder in the Arianespace press kit for launch.

context of great physics
experiments schedule for launch event on 2 December 2015, including details of live streaming.

Update 2 December: The launch of LISA Pathfinder has been postponed to 3 December. Updated
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Home | LISA L3 Mission | News | Multimedia | Conferences | Positions | Papers | Code of Conduct | Contact

I—I SA We will observe gravitational waves in space ’

LISA MISSION LISA PATHFINDER GRAVITATIONAL WAVE CONTEXT 2030 CONSORTIUM

ASTRONOMY

Home Multimedia Video

Multimedia Video

Overview Images Video Audio

Free topics
- Any -

Videopreview Title Media Description

The path to LISA: a unique collaboration The LISA Pathfinder mission, which demonstrated key technologies for
the LISA...

The path to LISA: LISA Pathfinder was a lab in LISA Pathfinder, the test mission for LISA, the planned gravitational-
space wave observatory in...

The path to LISA: The interferometers of LISAand  The LISA Pathfinder mission and LISA, the planned gravitational-wave
LISA Pathfinder observatory in...

The core of LPF and LISA - free falling test masses At the core of the LISA Pathfinder mission and at the core of LISA, the
planned...

Privacy settings

Date

Jun 05, 2019

Feb 22, 2019

Nov 07, 2018

Aug 02, 2018




»  (48) The Gravitational Wave Astre X #4 Public Talk: The Gravitational Wa

& https://www.youtube.com/watch?v

X

=ZQzKpBaQx3l

+

2 YouTube *°

| N 2

N | 0:00/7:03:47

David Reitze
LIGO Laboratory,

\

\
&K

\

VN

G1000864 1

The Gravitational Wave Astronomical Revolution

1,432 views

A, Ush vission

E O Type here to search

‘ California Institute of Technolggy
Physics Department, University of Florida

.

.
g

Search

-

i

The Gravitational Wave

)

 Astronomical Revolution

Live chat replay is not available for this video.

Jiy UvE! L—

w1 !!

5:09

AuTOPLAY )

| Visited the First Gravitational
Wave Detector! LIGO | STELLAR
Physics Girl

316K views

FULL The Rachel Maddow Show
7/8/19 | MSNBC News Today...
TrénTay.com. vn

Recommended for you
New

The Last Word with Lawrence
O'Donnell 7/8/19 | Lawrence...
TrénTay.com. vn

Recommended for you
New

The Moment Bill Hader Realized
Reality TV was Fake

Jimmy Kimmel Live
Recommended for you

Bill Hader's Most Obscure
Impressions

Jimmy Kimmel Live
Recommended for you

The Rachel Maddow Show
7/8/19 | MSNBC News Today...
TrénTay.com. vn

Recommended for you
New

Chernobyl's Radioactive Lava is

I 07:17
- D)
£~ & m ) 09/07/2019 [



693? 82| i
Activities for educating junior LISA scientist

Fumiko Kawazoe
* 5]ectures on LISA science were offered during the

AE| lecture week in 2018

* Compact binaries, MBH cosmic growth,
* Probing MBH binaries with LISA and pulsar timing, etc.

‘5 | |

(S

 Ajoint topical workshop is planed by Urbino and AElI Hannover
* |n 2019 in Urbino
* On Astroparticle physics and
GW astronomy




LISA MISSION LISA PATHFINDER GRAVITATIONAL WAVE CONTEXT 2030 CONSORTIUM
ASTRONOMY

Home Consortium / Join consortium

Consortium User Guide Link

Corcortim Code of Condud The LISA community welcomes all scientists who wish to contribute.

Join the community! Consortium membership for scientists

If you are a scientist and wish to contribute to the LISA mission, use this scientist registration form.

advoreach@lisamission.org

advoreach-
chairs@lisamission.org
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Education And Public Outreach Efforts
by Pulsar Timing Array Collabora@s -

“aivi.

Funded under NSF Award 1430284 Image Credit: Tonia Klein



EPO Pyramid

Create a professional work
environment that encourages inclusion,
by respecting and valuing diversity

Train next generation of STEM
employees through advanced
level education and research

Build pipeline of interested
students and involve them in
research activities

.
e,
2
.
~
%
Q-

Engage people in
science topics and
keep them informed

Excite people
about our
research

Mthods

|Image Credit: Kristina Islo, Joey Key, Tonia Klein, Joseph Swiggum




Popular Articles
ASTRO +BEAT Catching Gravitational Waves With

A Galaxy-sized Net of Pulsars,
Catching Gravitational Waves -Steve Taylor

with Radio Pulsars

By Timothy Dolch (Hillsdale College) May 2018

k23
n the five decades since Jocelyn Bell-Burnell's discovery of the
first pulsating radio star—a pulsar—we now know of at least ron Iers
2600 such objects in our Galaxy. Many of these lighthouse-

like interstellar beacons are active not only at radio wavelengths, -
but across the electromagnetic spectrum: for example, the Crab

Pulsar emits about thirty flashes per second evenin optical light. FO R YO u N G M I N D &
Short rotational periods, usually on the order of one second or less,

constrain these energetic objects to have diameters of about 10
km. The only state of matter known to remain stable under such
high centrifugal forces is nuclear matter. In other words, pulsars are
enormous, rapidly rotating atomic nuclei! Such an exotic state of
matter—known as a neutron star—is consistent with predictions
that supernovae should leave compact remnants behind. The Crab
pulsar is the Holy Grail of the supernova-neutron star connection;
the pulsar sits right in the middle of the Crab Nebula, associated
with the Crab Supernova of 1054.

? frontiers Articles Participate Specialties About B EN

Figure 1: The NRAO Robert C. Byrd Green Bank Telescope in West V a(top)and
5 Vi T ervatory in Puerto Rico (bottom)

Science for kids, edited by
kids

AstroBeat No. 161 - May 2018 Page i
An open-access scientific journal written by scientists
and reviewed by a board of kids and teens.

Tim Dolch, Hillsdale College L ¥ L
= , |




Space Public Outreach Team (SPOT)
- NANOGrav SPOT Manager: Jessica Page, UAH
(jp0089@uah.edu)

- Nanograv-epo.slack.com (#spot) Slack channel for
discussion/coordination
- Slides and advertising materials kept up to date on the

docunt database




Pulsar Search Collaboratory (PSC)

» Currently, 500 high school students, 58 teachers,
and 35 undergraduate students from 56 schools
across the country.

- PSC mentors training

- Spring online training

- WVU Capstone event

- PSC camp at Green Bank

- PSC 3-credit extension course for high school
students offered at WVU. ‘

2018 PSC Capstone at WVU

Co-funded by NSF award numbers 1516512 and 1516269

*See C8 Tues 1: The Pulsar Search Collaboratory, Kathryn Williamson 2018 PSC Camp at Green Bank




Metronome PTA demonstration

An Acoustical Analogue of a Galactic-scale Gravitational-Wave
Detector

\_

135 degrees 45 degrees

7
N\ i microphone - S

180 degrees u 0 degrees

metronome 2

Lam, Romano, Key, Normandin and JSH
American Journal of Physics 86, 755 (2018); doi.org/10.1119/1.5050190

github.com/nanograv/tabletop pta
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OzGrov

Australian Research Council
Centre of Excellence for Gravitational Wave Discovery

Einstein-First Project

www.einsteinianphysics.com

$1.5M, 5 year international project aiming to create a complete
Einsteinian curriculum from Year 3 to Year 12

Einsteinian Physics Education Research Collaboration

Australia-Norway-Germany-Scotland- Korea- China-LIGO Scientific
Collaboration

7 MONASH @

UanGI’SIty AAAAAAAAAAAAAAAAAAAAAAAAAAAAA Y o ADELAIDE

' THE UNIVERSITY OF -
%/, WESTERN AUSTRALIA
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Schools Today Modern Understanding




Replace implicit or untaught concepts
with explicit Einsteinian concepts

What Is space?
What Is time?
What is light?

What Is gravity?

What is matter?

Even without answers, the key question iIs How can you
measure It?



Gravitational Waves: perfect The first sounds of
vehicle for Eingteinian Physics - rippling space




Einstein-First Needs People

Advertising and Appointing Postdocs and PhD students

Please spread the word!

Talk to David Blair or Ju Li or Magdalena Kersting
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SATELLITE MEETINGS

1. Spanish-Portuguese Relativity Meeting (EREP2019), July 6, 2019, Valencia (Spain).

2. International Gravitational Waves Outreach Group Meeting, July 13, 2019, Valencia (Spain). Link >

3. Gravity: New perspective from strings and higher dimensions, July 16-24, 2019, Benasque (Spain). Link >
4. International Congress on Industrial and Applied Mathematics (ICTAM2019), July 15-19, Valencia (Spain). Link >

5. XXXVII Reunion Bienal de la Real Sociedad Espafola de Fisica, July 15-19, Zaragoza (Spain). Link >




