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Large research infrastructures have opened new observational windows, allowing us to study the
structure of matter up to the entire Universe. However, society hardly observes these developments
through education and outreach activities. This induces a gap between frontier science and
society that may create misconceptions about the content, context, and mission of public funded
science. In this context, the main goal of the European Union’s Horizon 2020 "Science with
and for Society" REINFORCE project (REsearch INfrastructure FOR Citizens in Europe) is to
minimize the knowledge gap between large research infrastructures and society through Citizen
Science. A series of activities is being developed on the Zooniverse platform, in four main
fields of frontier physics involving large research infrastructures: gravitational waves with the
VIRGO interferometer, particle physics with the ATLAS detector at LHC, neutrinos with the
KM3NeT telescope, and cosmic rays at the interface of geoscience and archeology. Using real
and simulated data, Citizen Scientists will help building a better understanding of the impact of
the environment on these very high precision detectors as well as creating new knowledge. This
poster describes REINFORCE, with a special emphasis on the Deep Sea Hunter demonstrator
involving the KM3NeT neutrino telescope, in order to show practical examples of Citizen Science
activities that will be proposed through the project.
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1. REsearch INfrastructure FOR Citizen in Europe

The main goal of the REINFORCE project is to minimise the knowledge gap between Large
Research Infrastructures and Society through Citizen Science. Through the development of Citizen
Science activities, REINFORCE aims to engage citizens to interact directly with researchers in
order to produce new knowledge. Large Research Infrastructures are often not entirely understood
by society, and sometimes even misunderstood. REINFORCE believes that they can act as beacons
of science if the awareness and attitude of citizens towards them are improved. Reducing this
knowledge gap can contribute to reduce anti-intellectual beliefs in society and give the citizens the
tools to make evidence-based decisions in their every day life.

The goals of REINFORCE will be achieved mainly by classification by citizen scientists of
public data from gravitational waves with the VIRGO interferometer, particle physics with the
ATLAS detector at LHC, neutrinos with the KM3NeT telescope, and cosmic rays at the interface
of geoscience and archeology. However, to properly evaluate the impact of these activities, their
societal, democratic and economic costs and benefits, REINFORCE also aims to develop statistical
estimators thanks to regular surveys, communicated to citizen scientists, at different stages of the
project. In this context, and in order to have robust estimators, REINFORCE aims to engage
more than 100,000 citizens, mainly in Europe, but also from all over the world. To do that, the
citizen science activities are developed on the Zooniverse platform that can give to REINFORCE
the opportunity to get a lot of visibility in the citizen science world.

1.1 Citizen Science

Citizen Science is the cornerstone of REINFORCE. In relation to REINFORCE science cases,
it can be defined as the engagement of citizens with frontier science through a participatory design.
The interplay between all the actors of REINFORCE is summarised in Fig. 1.

Figure 1: The interplay between Large Research Infrastructures, Society and Citizen Science in the frame-
work of REINFORCE. Citizen Science acts like a bridge between society and large research infrastructure
in frontier physics.
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Why do we need citizen science? While computers might outshine humans in analysing
very large data-sets, human eyes and ears are still better than a computer at noticing subtleties.
Furthermore, for the analysis tasks that need to be done, there are not enough people available in
the research world. Involving citizens in the analysis pipeline of all the REINFORCE large research
infrastructures will allow to meet REINFORCE main goal while producing scientific results that
are valuable for the society and the scientific community.

1.2 Zooniverse

Since its launch in 2010, Zooniverse [1] has gathered more than 2,300,000 users who produced
almost 600,000,000 classifications1. Subjects are ranging from the arts and literature, to physics
and astronomy. Zooniverse staff members take part in the REINFORCE project. Their expertise in
citizen science provided from the very beginning of the project helped the REINFORCEConsortium
to develop four attractive, accessible, and useful citizen science projects.

1.3 Workpackages

The REINFORCE project is composed of 11 workpackages (WP), including 5 WPs focusing
on science. This section presents a short description of each of them.

1.3.1 Management and organisation

• WP1: Management
• WP2: Citizen engagement strategy
• WP8: Participatory engagement activities
• WP9: Impact assessment
• WP10: Raising awareness and sustainability
• WP11: Ethics requirement

1.3.2 Science and sonification

• WP3: Gravitational waves
This WP will provide a better understanding of noises in VIRGO data.

• WP4: Deep Sea Hunters
The goal of this project is to perform novel studies of bioluminescence and bioacoustics
signals at the bottom of the sea and build a better understanding of sources of background
noise in KM3NeT data. The work performed in this WP is presented in details in Section 2.

• WP5: Search for new particles at the LHC
The objective of WP5 is to search for new particles in ATLAS data at LHC/CERN.

• WP6: Interdisciplinary studies with archeology and geoscience
In thisWP, muon tomography is used, a non-invasive, and non-destructive process, to conduct
geoscience (e.g., to monitor volcanoes) and archeology ( e.g. to find hidden chambers in
ancient structures).

• WP7: Increasing the senses
SonoUno [2] is a User Centered software that allows people with different sensory styles to
explore scientific data, visually and by sonorization.

1Zooniverse numbers in 06/2021
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2. WP4: Deep Sea Hunters

The Deep Sea Hunters project takes place in the context of KM3NeT [3], the Kilometer Cube
Neutrino Telescope, which is currently being deployed in the Mediterranean Sea. In order to
detect neutrinos, which are really difficult to catch, one needs a a very large detector volume with
optical and acoustic sensors, operating in a transparent medium. Sea water, the environment of the
KM3NeT detector, is full of living organisms that create background noise: bioluminescent species
produce light detectable by KM3NeT photomultipliers, and marine mammals produce sound that
can be recorded by KM3NeT hydrophones.

Through the project, citizen scientists will classify various signatures of light and acoustic
noise produced by the environment. These classifications have a two-sided aspect. On one hand, it
will help us to better understand the response of the KM3NeT instruments and so the data they are
recording; on the other hand, it will help KM3NeT researchers to better understand life in the deep
sea, near the KM3NeT sensors. The Deep Sea Hunters work package is hence an opportunity for
astroparticle and neutrino physicists, but also for experts in bioluminescence and bioinformaticians.
To this date (06/2021), the Deep Sea Hunters project is already carried out by an interdisciplinary
team.

2.1 Kilometer Cube Neutrino Telescope

(a) (b)

Figure 2: (a) : Cities and Sites of KM3NeT. (b) : Illustration of a neutrino event in KM3NeT.

The light produced by charged particles going faster than the speed light in a transparentmedium
is called the Čerenkov radiation. This radiation can be the signature of a neutrino interaction, as
shown in Fig. 2b. One key concept of KM3NeT is that the same technology can be used to study
neutrinos over a wide energy range: KM3NeT/ORCA2, being deployed near Toulon in France,
studies neutrinos at the GeV range, and KM3NeT/ARCA3, being deployed near Sicily in Italy,
searches for neutrinos in the TeV range and above. Because of its deep-sea environment, KM3NeT
also provides Earth and Sea science measurements. More details can be found in [3].

2Oscillation Research with Cosmics in the Abyss
3Astronomy Research with Cosmics in the Abyss
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KM3NeT is based on a flexible design, which is referred to as a building block. The full
KM3NeT research infrastructure will consist of three building blocks, each composed of 115 De-
tection Units (DUs). Along these lines, 18 Digital Optical Modules (DOMs) are equally distributed,
each composed of 31 Photo-Multiplier Tubes (PMTs). A building block is thus a 3D array of photo
sensors.

In the international KM3NeT Collaboration, many institutes and groups from around the world
(see 2a) participate with about 250 researchers. Because of its great potential in fundamental
physics, the astroparticle and astrophysics communities have included KM3NeT as a high priority
project in their European road maps (APPEC/ASPERA, AstroNet) and the European Strategy
Forum on Research Infrastructures (ESFRI) in their priority project list.

2.2 Workflows on Zooniverse

A citizen science activity is called a workflow in Zooniverse. In the Deep Sea Hunters
workpackage, we have two workflows for the time being (06/2021), but more will be developed
depending on the first results and feedback from the citizen scientists taking part in the project.
One workflow is related to bioluminescence, while the other one focuses on bioacoustics. When
visiting the corresponding workflow for the first time, a tutorial is automatically presented to the
citizen scientists. This tutorial explains the essence of the task the visitor is asked to perform as
well as some concrete examples. The tutorial is then accessible whenever the citizen scientist wants
to read it.

2.2.1 Bioluminescence

One of the main optical noise in KM3NeT is bioluminescence, a very common phenomenon
in open water, as around 70% of the marine species emit light [4].

(a) (b)

Figure 3: (a) : A Digital Optical Module used in KM3NeT. (b) : Exemple of bioluminescence signature in
KM3NeT data.

5
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In this workflow, the citizen scientist are asked to classify the rate recorded by one of the optical
sensors of KM3NeT in a time window of 120 s, as illustrated in Fig. 3b. The displayed data contain
a snapshot of the environmental conditions at the moment they were recorded. Classifying them
allows us to study the signature of bioluminescent species in the deep sea, over a very large volume
of study, in order to have a better understanding of some bioluminescent phenomena and even
discover new bioluminescent species. Moreover, it will also help us to improve neutrino detection
through more efficient background rejection. The citizen scientists therefore directly contribute to
improving the KM3NeT discovery potential both in neutrino physics and astrophysics.

Each image of the bioluminescence workflow comes with an audio file, which contains the
corresponding data points sonified with the sonoUno software. Thanks to the combination of the
visual data and the audio file, every citizen scientist, including visually or hearing impaired people,
will be able to have an idea of what the data are. More information about bioluminescence can be
found in [4] and references within.

2.2.2 Bioacoustics

KM3NeT hydrophones are primarily used in the acoustic positioning system illustraed in
Fig. 4).

Figure 4: Exemple of positioning monitoring in KM3NeT, for one DU of ARCA.

In this workflow, the citizen scientists are asked to classify cetacean clicks detected byKM3NeT
hydrophones. The aim of this acoustic workflow is to understand what happened on May 11Cℎ,
2020. From preliminary analysis, it has been shown that several individuals from at least two
species seemed to be hunting at the same time in the close neighbourhood of KM3NeT. This period
being very active, our machine learning algorithm sometimes has difficulties to clearly identify
species. The classification made by citizen scientists will help us to improve our identification
model, which was not specifically designed for the environment around KM3NeT. In the end, we
will be able to identify more accurately cetacean species over greater distances and perform more
relevant bioacoustics studies. For example, KM3NeT will help to track and count cetaceans in the
Mediterranean Sea, as function of the species and period of the year, to have a better understanding
of cetaceans lives (hunting, migration, etc.) and also to improve existing real-time anti-collision
systems to avoid accidents between boats and animals in KM3NeT vicinity.

6
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The proposed data contain clicks4, buzzes, whistles, and also noise from the detector itself.
For the purpose of the classification, four different images are shown. Figure 5 presents an example
that shows two separate representations of the data: in the top, the waveform (figure 5a), which
is the amplitude as a function of time, and in the bottom, the spectrum (figure 5b), which is the
frequency as a function of time. The second image shows a power spectrum of the full considered
time-window. The events to be classified being centered on the first image, the third and fourth
images correspond to a zoom in the middle of the time-window. Citizen scientists are asked to
classify what they see on the image into one of the following categories, which should correspond
to the emitter of the recorded data: Sperm Whale, Short-finned pilot whale, Pure noise, Another
Species or human-made noise.

(a) (b)

Figure 5: (a) : Waveform and spectrum as function of time. (b) : Spectrum of the whole time window.

Each classification of the bioacoustic workflow comes with three audio files:

• the sonification of the data points with the sonoUno software, similarly to what is done in the
bioluminescence workflow

• an audio file corresponding to the true recorded sound, without any modification so that
citizen scientists can compare it to what they see on the spectrum (frequencies above ∼20
kHz are not in the human audible range)

• an audio file corresponding to the true recorded sound, but slowed down, so that citizen
scientists can more easily identify features of the clicks (which are intrinsically very short),
and also hear frequencies that are above the human audible range.

4Short (ms scale) sound wave emitted by cetaceans.
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2.3 Status and Conclusion

The Deep Sea Hunters project has been reviewed by the REINFORCE Consortium and has
been submitted for review to the Zooniverse team (06/2021). Once the demonstrator is confirmed
as an official Zooniverse project, the first citizen scientists will be able to join the project.

The next steps will be to optimise the existing workflows and develop new ones based on
feedback from the first citizen scientists involved and the first classification results on Zooniverse.
On a longer time scale, the goal of the Deep Sea Hunter project is to compare the results from the
classification made by citizen scientists with that of the machine learning tools of KM3NeT in order
to increase KM3NeT potential in neutrino physcics and astronomy, but also to produce long term
results both in bioluminescence and bioacoustic studies.
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4. Get involved!

• REINFORCE website: https://reinforceeu.eu/
• LinkedIn: https://www.linkedin.com/company/reinforceeu/
• Twitter: https://twitter.com/reinforceeu
• Facebook: https://www.facebook.com/ReinforceEU/
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