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Abstract We present the International Particle Physics Outreach Group (IPPOG), a global network dedicated to connecting students,
educators, and the general public with the world of particle physics. In this paper, we outline the need to bridge the existing gap
between the particle physics community and the wider audience, and we present the solutions that [IPPOG has implemented to
overcome it through three pillar Activities: the International Masterclasses and the Global Cosmics hands-on activities network,
which have engaged together over 200,000 high-school students to date, and the curation of an Outreach Resource Database and

web portal.
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Fig. 1 IPPOG collaboration map

1 Why outreach matters: bridging particle physics and the public

Modern physics, and in particular particle physics, permeates the world. The usage of quantum mechanical phenomena surrounds
us in ways that largely go unnoticed. To understand the Universe that surrounds us physics is quintessential. And yet, there is a gap
between the research world and the public-at-large. In many countries, it is fairly common to receive the first exposure to quantum
mechanics only toward the end of bachelor degrees in physics, and curricula in high schools rarely go beyond classical mechanics
and electromagnetism.

Outreach initiatives are therefore indispensable to bridge the divide between cutting-edge research and the classroom. The Inter-
national Particle Physics Outreach Group (IPPOG) provides educational and communication opportunities such as the International
Masterclasses [1], virtual laboratory tours, and hands-on cosmic ray data collection and analysis [2] to bring real research and
the enthusiasm of the researchers into teaching environments. IPPOG serves then as the front line of the particle physics world
with society, connecting a network of physicists, teachers, and communication experts with interested audiences, with the aim of
demystifying complex concepts, illustrating the societal applications of particle physics, and nurturing scientific curiosity and critical
thinking [3].

In addition, outreach is of paramount importance for inclusion and diversity, and thus providing access to STEM opportunities to
different countries worldwide. The effort of IPPOG is geared to achieve the possibility for learners from diverse and geographically
different backgrounds to engage with particle physics. This effort is crucial to foster the physics community of tomorrow and to
lead to the creation of a scientifically informed public.

The purpose of this article is to introduce IPPOG and its activities, in order to provide a point of contact for teachers and the
wider public.

2 TPPOG’’s history and mission

The International Particle Physics Outreach Group (IPPOG) is a global network of scientists, educators, and communication spe-
cialists dedicated to informal science education and public engagement in particle physics. It is the successor of the early European
Particle Physics Outreach Group (EPPOG), which was formed in 1997 with the support of both the European Committee for Future
Accelerators (ECFA) and the High-Energy and Particle Physics Board of the European Physical Society (EPS) . EPPOG was created
with the purpose of fostering outreach expertise, pooling resources, and carrying out communication activities for particle physics
to schools and the public. In 2005, EPPOG was expanded by launching the International Particle Physics Masterclass program,
allowing students worldwide to analyze real experimental data and thus familiarize themselves with activities that mostly pertained
to the research environment until then [4]. EPPOG was officially renamed IPPOG in 2011, to reflect its growing international spread.
Finally, it became a formal collaboration in 2016, reaching its current maturity stage.

IPPOG already consisted of 42 members at the end of 2024: 34 countries, 7 experiments and an international laboratory (CERN).
Two national laboratories (DESY and GSI) are associate members. In addition, partnerships have been developed with other outreach
groups such as QuarkNet [5] in the USA. A map of which countries are members of IPPOG is shown in Fig. 1.

The structure of the IPPOG Collaboration is presented in Fig. 2. The Collaboration Board, which includes one representative from
each member and associate member organizations, meets twice a year to discuss and vote on IPPOG-related matters, including the
nomination of the Activities Coordinators. Two Co-Chairs are elected, one of which based at CERN to facilitate the operations of the
Coordination Team, which is the executive body of the Collaboration, while the other Chair highlights the diversity and involvement
of members abroad. The Coordination Team consists of a dedicated team of officers and students, and two specialized committees
(speakers and publication committee, finances advisory board). The Forum is the IPPOG discussion body, whose members are
nominated by the representatives: At the end of 2024, it counted 183 individuals. Informal working groups foster the development
of specific resources, strategies and best practices. Finally, presentations at conferences, shared projects, and informal exchanges
connect IPPOG with the wider high-energy physics outreach community.

@ Springer



177 Page4of 6 Eur. Phys. J. Plus (2026) 141:177

Fig. 2 IPPOG collaboration
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The mission of IPPOG is twofold: Its structure and extended partnerships allow it to organize international events and programs,
and its deep roots shed light on the local diversity and engagement of research institutes. The IPPOG Forum gathers contributions
from experiments from all over the world, in the broader meaning of particle physics, from CERN (Switzerland) to Fermilab (USA)
and KEK (Japan), from DESY (Germany) to the Pierre Auger Observatory (Argentina) and HAWC (Mexico). This allows access
to open data sets, facilities, and expertise belonging to different branches of physics, from particle to high-energy nuclear physics
and astroparticle physics.

Twice a year, members of the community are invited to present their activities to the Collaboration in Success Stories sessions.
Contributions are grouped into an annual report, which is an evolving snapshot of the state-of-the-art [6, 7].

3 Three international Activities

IPPOG carries out its international program through three different pillar activities, each designed to interact with students, educators,
and the public through different strategies.

3.1 International Masterclasses

IPPOG has been inviting high-school students to become scientists for a day through the International Masterclasses program since
2005 [8, 9]. The participants have the opportunity to analyze real experimental data and to present their results in a videoconference
format.

The current scientific portfolio [1] grew in steps, starting with measurements from LEP experiments [10] and followed in 2012
by the four large LHC experiments: ATLAS (Z and W boson-related measurements), CMS (Z and W boson-related measurements),
ALICE (quark—gluon plasma-related observables), and LHCb (heavy-flavor measurements) [11-15]. Over the years, the Masterclass
program became more and more encompassing, going beyond the original CERN-related theme to embrace experiments in different
continents: Belle IT at KEK (flavor physics measurements) [16], neutrino physics at Fermilab with MINER vA [17] and NOvA [18].
The Pierre Auger Observatory enriched the landscape with cosmic ray sessions [19, 20], while cosmic neutrino and gravitational
wave exercises are under development. A medical physics particle therapy masterclass [21] connects fundamental research with its
application.

The scale of the annual international campaign has grown remarkably from approximately 3000 students in 18 countries in 2005
to over 13,000 students across 60 countries at 225 host institutions in 2023, demonstrating the high demand for this type of activities
and the excitement of the students to experience particle physics and the research world. In 2024 alone, 14 700 participants attended,
at the end of a day of visits and activities, the 110 online discussion sessions organized by moderators at CERN, Fermilab, GSI,
KEK, and the Pierre Auger site, [6, 22]. The coordination effort required to maintain such a large scale program requires the support
from all experiments and hundreds of volunteers on a rotation system.

3.2 Global Cosmics

The Global Cosmic group invites educators and students to embark on hands-on sessions using setups suitable to be deployed as
tabletop designs. Projects have multiplied over the past decade, with IPPOG serving as a central hub for exchange and collaboration.

In some of them the participants receive step-by-step instructions to build and assemble cosmic ray detectors, often using
scintillator materials and photomultipliers. In others, open source software is prepared to facilitate data acquisition and data to
analyze, as for example in the recent Cosmic Piano project, that introduces both a hardware and data analysis experience [23]. Key
examples are, in Germany, the CosMO and Kamiokannen experiments, designed as part of the nationwide Netzwerk Teilchenwelt,
as well as a platform called Cosmic @ Web where collected data can be analyzed [24, 25]. The Japanese Accel Kitchen initiative has
distributed compact cosmic ray detectors to more than 200 high school students, primarily across Asia, enabling them to assemble
and operate the devices at home with the support of a network of undergraduate and graduate students [26]. In the USA, Mexico
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Fig. 3 The EEE network (left).
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and Japan, teams were involved in muon tomography projects, e.g., to search for hidden chambers at the great pyramid at Chichen
Itza (Mexico) or to study ancient burial mounds (Japan).

Long-term collaborations are organized with schools. French institutes have developed Cosmodetecteurs and COSMIX suitcases
shared with schools, training programs, and even installed a full set of detectors on top of the Pic du Midi Observatory [27]. In the
USA, QuarkNet [5] organizes multiple cosmic ray activities through long-term collaborations between high-school teachers and
scientists. During the International Muon Week [28], paired schools collect and analyze data and share the results they have obtained.
In Italy, the INFN Outreach Cosmic Ray Activities (OCRA) [29] project involves 24 INFN divisions, offering activities for both
students and teachers. The Extreme Energy Events (EEE), shown in Fig. 3, is one of the most successful projects. It is a large area
array based on multigap resistive plate chambers (MRPCs), where students are directly involved in the assembly, maintenance and
data analysis.

In the same spirit as the masterclasses, the International Cosmic Day (ICD) [31], organized each year by DESY, is the occasion to
engage a larger audience. High-school students from across the world have the opportunity to carry out hands-on measurements of
the cosmic ray flux and to work with real astroparticle physics data, while scientists have the chance to share their experiences. Each
participating institute chooses the format and content of the day, while videoconferences with groups in other countries, drawings,
and photographic competitions add a distinctive flavor that enriches the experience.

3.3 Offering outreach resources

Since the creation of IPPOG the reach and variety of outreach projects have grown significantly, as have the visibility and recognition
of the importance of public engagement. The material that IPPOG pioneers developed and shared in the early days of the network
is still available in a solid Resource Database (RDB) [32] curated for its 25th anniversary.

With the growth of websites and social media, most of the experiments now offer specific set of links, tools and material in multiple
languages [33]. Every high-energy physics conference also now proposes well-attended and lively outreach parallel sessions and
plenary talks. Offering an accessible and structured entry point for all the resources is not an easy task, yet it is very important for
newcomers in search for inspiration and contacts. Teachers who are invited and trained in large laboratories, such as CERN [34],
also show their interest in follow-up activities and resources. The last ingredient missing was thus the presentation to the public
of the specific projects. Since 2019, IPPOG has hosted biannual success stories sessions that showcase highlights from our global
outreach community. In 2025 these presentations were consolidated on a dedicated web portal (see [3]), where authors tag their own
submissions across topic, format, audience, and language. This searchable repository not only disseminates ideas and best practices,
but also recognizes the efforts of our colleagues worldwide.

4 Conclusions

From the network of the early days to a structured collaboration, IPPOG has, over the course of nearly three decades, established a
solid framework that connects the academic and research community to learners, educators, and the general public. It has engaged
over 200,000 students and teachers through its three activities, i.e., the International Masterclasses, the Global Cosmics initiative,
and the Resource Database, fostering not only educators but also a global community of citizen scientists. By deepening the dialog
between particle physicists and society, [IPPOG aims to nurture future generations of scientists and to ensure public support for the
fundamental research in particle physics.
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