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On February 11 2016, the LIGO Scientific Collaboration and the Virgo Collaboration announced
the observation of gravitational waves from a binary black hole merger. The transient signal
GW150914 had been recorded five months earlier by the two Advanced LIGO detectors which
had just started their first observation run, following a few years of upgrade. Parallel to the data
analysis which led to the conclusion that the observed signal was indeed of astrophysical origin,
the two collaborations invested a lot of effort to prepare the discovery announcement. In these
proceedings, we review the main aspects of the outreach strategy developed for this event and try
to quantify its impact on the various targeted audiences: the general audience, the media and the
educational community.
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1. The first two direct detections of gravitational waves

2. Discovery announcement
It only took a few minutes for the online data analysis software to identify GW150914 as an
interesting event and less than a day for the LIGO and Virgo collaborations to realize that this
was a strong BBH candidate recorded at a time when no known problem was affecting the aLIGO
detectors. Yet, the discovery was only announced five months later, on Thursday February 11
2016. In the meantime, extensive data analysis was carried out to make the detection case rocksolid. Parallel to this, communication offices and LIGO-Virgo outreach groups were preparing the
announcement [4] together with all the players involved: observatories, scientific collaborations,
funding agencies from the various partner countries (USA, UK, Germany, France, Italy to name
a few), laboratories and universities. During the whole process, the potential discovery had to
be kept secret, that is internal to LIGO and Virgo. Indeed, any data analysis step or data quality
check could potentially turn the promising GW event into a false alarm. With about 1,000 people
involved in the process or at least aware of the existence of a strong GW candidate, leaks could
have become an issue. In case of questions coming from outside the collaborations, a simple
(and, by the way, true) answer had been prepared: "the analysis of the data taken during the first
Observation Run (O1) of the aLIGO detectors is in progress; results will be made public when
the analysis is complete". In the end, some limited information leaked outside LIGO-Virgo and
a few people tried to exploit it, mainly on social media. But this was only a minor annoyance;
the physics analysis and the communication & outreach plan could proceed as planned. One of
the main complications for what concerned communication and outreach was the need to target
simultaneously various different audiences: first the scientific community (the GW discovery is
the completion of a century-long quest), then the general public with basic scientific knowledge
and finally high-school teachers. Regarding the latter point, a wide set of educational resources
was developed, from basic schematics and analogies, to science summaries of the main scientific
publication. In addition, emphasis was set on social media (Twitter, Facebook and Reddit) to
promote the scientific results and the associated education & outreach (E&O) projects. During the
whole process of the discovery announcement preparation, a key reference was the announcement
of the H boson discovery by the LHC experiments ATLAS and CMS at CERN [5].
The strategy selected for the discovery announcement was the following. First to write a discovery article and to have it accepted by the targeted journal (Physics Review Letters) prior to
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In February and June 2016, the LIGO Scientific Collaboration and the Virgo Collaboration announced the first two direct detections of gravitational waves (GW). Both events – GW150914 [1]
(observed on September 15 2015) and GW151226 [2] (observed on December 26 2016) – are binary black hole (BBH) coalescences and have been recorded by the two Advanced LIGO (aLIGO)
detectors [3]. These events trigger the dawn of GW astronomy as they are the first direct detections
of black holes (BH): so far BHs had only been seen indirectly, through their gravitational effect
on neighboring stars. These also are the first directions of black holes in the mass range of a few
tens of Solar masses and the first detections of BBHs. More details about these discoveries can be
found in the literature and in various plenary and parallel talks given at this conference.
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3. Outreach resources and activities
The LIGO-Virgo collaboration and many individual members have developed a variety of
E&O projects related to GW. Some were already existing before the detections while others were
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announcing the discovery. That article was to be supported by several "companion papers" [6],
each focusing on a particular aspect of the global analysis (instruments, data quality, astrophysical implications of the discovery, etc.). As for the day of the announcement, a promising date
was Thursday February 11 2016, the first day of the AAAS ("American Association for the Advancement of Science") annual meeting to be held in Washington DC. Therefore, we had some
sort of internal countdown to drive the progress of the internal review of the analysis, such as the
development of the communication and E&O plans. In the end, this helped to make sure that all
these parallel projects would converge simultaneously and would not take too long – keeping the
discovery information secret was getting more and more challenging as time was going. It was decided to have a simultaneous and worldwide announcement of the discovery with two main press
conferences: Washington DC (LIGO, AAAS meeting) and Cascina (in the European Gravitational
Observatory, EGO, the site of the Virgo detector). In addition, several satellite press briefings were
to be organized, for instance at the CNRS headquarters in Paris. The time of the announcement
was set as 10:30 EST, a compromise given the various timezones involved. It was quite early on
the West Coast (07:30 local time) and quite late in Europe (16:30 in Paris for instance) to have
the discovery covered by the evening news channels. The press releases were coordinated. They
all included the exact same compulsory parts; in particular, they shared a common opening section. They could contain additional text, written at the discretion of the organization issuing that
particular press release. And they were translated into 18 languages, including Siksika, which is
the language of the Blackfoot Indians in Canada and the US. The science summaries [7] written to
explain the discoveries to a broad audience were multilingual as well.
The discovery made its way to the Newseum front page archives [8] where it is one of the
few positive events listed for 2016. 961 front pages featuring the discovery on February 12 were
listed by the website. More than 200 journalists followed the announcement, either in person or
through webcasts. There were about 5,000 related press articles in the world, ranging from daily
newspapers to magazines. And more than 500,000 Internet users watched the webcasts, either live
or at a later time. On Twitter, the hashtags #gravitationalwaves, #LIGO and #EinsteinWasRight
had more than 70 million impressions. And for instance there were 10 million impressions for the
equivalent hashtag in French, #ondesgravitationnelles. The number of followers of the experiment
Twitter accounts increased significantly: by more than a factor 10 for @ego_virgo, from 3,000 to
more than 25,000 (after the second discovery announcement) for @ligo. And there were mentions,
retweets or likes from celebrities – e.g. @POTUS (acronym for "President of the United States").
On Facebook, the experiments got new followers: 9,000 for LIGO, 1,000 for Virgo. AMA ("Ask
Me Anything") Reddit live sessions were organized following both announcements and had a large
attendance. Moreover, GW150914 appeared on the Astronomy Picture of the Day webpage [9]
which had more than 1 million views in the week following the announcement. The first discovery
was also transmitted through well-known online scientific medias, like "Minute Physics" [10] and
"PhD Comics" [11].
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The Newtonian View
of Gravity

FROM NEWTON TO EINSTEIN

F=

GM1M2
r2

Einstein expressed the gravitational effects of
spacetime through an equation, called the Einstein Equation.

In this equation, the two objects have masses M1 and M2 and
the distance between them is r. The proportionality constant
G is called the Universal Gravitational Constant. An attractive
force pulls the masses toward each other along a straight line
that passes through them.

F

r

M2

“Spacetime tells matter how to move;
matter tells spacetime how to curve.”

F

In Einstein’s equation, Gμv describes the curvature of spacetime
while Tμv describes the distribution and form of mass and
energy. These two four-dimensional mathematical quantities
are related through constants including the speed of light, c,
and the Universal Gravitational Constant, G. Einstein’s equation
simplifies to Newton’s Law of Gravitation in most cases.

The Newtonian View of Black Holes

Gravitational Waves

In 1783, the English philosopher John Michell first proposed
the idea that there were such things as “dark stars,” an idea
which arose from Newtonian gravity. The escape velocity (vesc)
is the minimum speed required for a test particle to escape the
gravitational pull of an object with mass M:

r

Einstein’s General Theory of Relativity predicts that two stars in
a binary orbit will generate gravitational waves as the stars orbit
each other. These waves carry away energy. As a result, the two
stars will slowly spiral in toward one another and will eventually
merge. If one of the stars emits regular pulses (like a pulsar),
the pulse period will appear to shift as the orbit shrinks. This
phenomenon was first confirmed in a binary system discovered
in 1974 by Russell Hulse and Joseph Taylor. In this system (known
as the Hulse-Taylor binary pulsar or PSR 1913+16), both of the
stars are collapsed objects called neutron stars. One of them is a
pulsar that emits regular pulses which are used to measure the
period shift of the shrinking orbit. The diagrams below shows an
artist’s illustration of the binary pulsar system and a plot of the
changing period with time.

Notice that the escape velocity increases
as the square root of the object’s mass
increases, and decreases if the test particle
starts farther from the object’s center (at a
distance r).

If the escape velocity is set equal to the speed of light, c,
then we can find the physical size (RSch) of Michell’s dark star:

2GM
c2

The same relation can be
derived using Einstein’s
General Theory of Relativity,
but the calculation is much more
complicated. Karl Schwarzschild used
General Relativity to solve for this “radius of no return”
for non-spinning black holes: it is called the Schwarzschild radius,
RSch, in his honor. It is just a coincidence that the size of black holes
in Newtonian gravity and General Relativity are the same;
at the point of forming a black hole, Newtonian
gravitational theory is no longer valid,
and General Relativity must
be used.
We gratefully acknowledge support from the National Science
Foundation for some of the work done to create this poster.
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Direct Detection of Gravitational Waves
Gravitational waves were directly detected for the first time on September 14, 2015 by
the LIGO (Laser Interferometer Gravitational-wave Observatory) scientific collaboration
and the Virgo collaboration. The illustration above depicts the signals detected by the twin
LIGO detectors from a system with two in-spiraling black holes. The red and blue lines show
the amplitude of the gravitational wave signals received at the LIGO detectors in Hanford,
Washington and Livingston, Louisiana, respectively. After traveling for billions of years, the
signal arrived first at Livingston, and then 7 ms later, at Hanford.
Note the correspondence between the two signals. Both match closely to the theoretical
model computed using General Relativity for an inspiralling black hole binary system. In this
system, the black holes weigh in at 36 and 29 times the mass of our Sun, respectively. At the
point of merger, the gravitational wave emission abruptly dies away, in an event called the
ringdown, as the newly formed 62 solar mass black hole settles into its equilibrium state.
The merger process emits the equivalent of 3 solar masses of energy as gravitational waves.

The artwork above the waveform shows a visualization of the binary black hole system at
various times during the event. The inspiral phase lasts for millions to billions of years prior
to the merger. The data show about the last 0.15 seconds of the inspiral phase, prior to the
merger. The strongest gravitational waves are emitted during the black hole merger, which
occurs from around t = 0.35 to t=0.44 seconds on this plot. The final, brief, ringdown phase
starts at about t = 0.44 seconds.
Due to the small value of the Universal Gravitational Constant, gravity is considered the
weakest of the four fundamental forces of physics. However, because extremely massive
objects are usually involved, gravitational forces can generate considerable amounts of
energy. The peak gravitational-wave power radiated during the final moments of this black
hole merger was more than ten times greater than the power from the light emitted by all
the stars and galaxies in the observable Universe.

The figure to the right shows
almost 30 years of data illustrating
the changing orbit of the HulseTaylor binary pulsar. The measured
points (orange dots) are plotted along
with the theoretical prediction from
Einstein’s theory (blue line). Derived
by J. M. Weisberg and J. H. Taylor.
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Since c is the maximum possible
speed, an object with all of its
mass within this radius will
have such strong gravity
that not even light can
escape; it will thus be
“black.”
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Figure 1: CPEP poster about gravitation and gravitational waves.

created to go along with them. New projects are in preparation as well. Only a sample of these
efforts can be presented in these proceedings; the reader interested in knowing more is welcome to
visit our websites and/or to contact the various E&O groups [12]. In addition, a forum has been
setup to answer questions from the general audience: question@ligo.org. Among the variety of
E&O resources, the LIGO Open Science Center (LOSC) [13] is playing a key role. Similar to, for
instance, the CERN open data portal [14], the LOSC is providing free access to some of the LIGO
datasets. In particular, 1 hour of the GW channel "h(t)" is available for both BBH events.These data
were made available simultaneously with the discovery announcements. In addition, Python-based
tutorials are provided to the users, with varying technical difficulties: some of them can be used to
produce a set of plots in an automated way while others explain how to use the data.
Various resources are available for high-school teachers and students. Among which a new
CPEP ("Contemporary Physics Education Project") poster about gravitation [15] which features
the detection of GW – see Fig. 1. In addition to the English version, translations to other languages
are in progress. A GW Educator’s guide [16] is available; it has been updated to include the GW
detection. An online course [17] is also provided each Summer by the Sonoma State University.
The GW observatories [18] can also be visited although various constraints limit the number of visitors: the remote site locations, the need to limit anthropic noise close to the instruments and finally
the limited staff available. Therefore, there are usually defined timeslots for visits, e.g. monthly
opening days. School field trips and private tours need to be booked in advance. Finally, sites may
be open for special events, e.g. the yearly European Researchers Night. Obviously, the attendances
are larger and the number of visit requests has increased significantly since the discovery announcements. Therefore, projects of virtual visits – both standalone (a website) and live (connection with
scientists on site, including a presentation and a Q&A session) – are in progress. Various outreach
resources are available online. In addition to the detections themselves [19], many websites focus
on one aspect or the other of the search for GW. "Known Stellar Mass Black holes" [20] provides
basic information for the known stellar-mass BH (both directly and indirectly observed) and allows
one to visually compare their "sizes". The "Gravoscope" [21] combines electromagnetic and GW
3
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RSch =

Tμv

The Einstein Equation can be explained using the famous quote
by John Archibald Wheeler:

Newton’s great insight was to realize that the same influence
that makes objects fall toward the ground on Earth also
keeps the planets and other celestial bodies in their orbits.

vesc =

8πG
c4

Gμv =

M1

2GM

Einstein’s General Theory
of Relativity
In 1915, Albert Einstein published his General
Theory of Relativity. In this theory, gravitation
is not a force at all, but a property of space
and time (spacetime – a union of space
and time in which the two cannot be considered
independently) in the presence of massive objects.
Such objects distort and stretch the spacetime; often
we say that they curve the spacetime near them.
What we experience as gravity is a consequence of
objects moving in that curved spacetime.

In 1687, Isaac Newton published his Law of
Universal Gravitation. In this law, the gravitational
force between two point-masses is proportional
to the product of their masses divided by the
square of their separation.
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4. Outlook
A wide range of E&O activities related to GW and GW detection by giant interferometric detectors have been presented in these proceedings. While many of these projects started a while ago,
the first two detections did change everything. There are real data and excitement to share with
the general public, teachers and students! As these proceedings are being written the second LIGO
Observation Run ("O2") has started [28]. The two aLIGO detectors may be joined by the Advanced
Virgo detector (AdV) next spring. More generally, the worldwide network of interferometric detectors will grow in the coming years while the sensitivity of the individual instruments will improve.
More events should be detected (not only BBHs, but possibly other sources, for instance involving
a neutron star) with the main challenge being to locate a GW source in the sky, possibly by doing
a multi-messenger analysis (GW + electromagnetic radiation + possibly neutrinos). In 1983, Kip
Thorne, one of the founders of the LIGO project, wrote: "That the quest ultimately will succeed
seems almost assured. The only question is when and with how much further effort". On February
11 2016, the first words of David Reitze, director of the LIGO project were: "Ladies and Gentlemen. We have detected gravitational waves. We did it." The dawn of GW astronomy is not just a
major scientific breakthrough; it is also an opportunity to disseminate science to attract future scientists to our field and to explain to citizens why basic science matters and why its projects require
resources and time to reach their goals.
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