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Abstract

Research, education and training in high energy physics (HEP) often draw international
collaborations even when priorities and long term visions are defined regionally or nationally.
Yet in many developing regions, HEP activities are limited in both human capacity and
expertise, as well as in resource mobilisation. In this paper, the benefits – to the U.S. HEP
program – of engagements with developing countries are identified and studied through
specific examples of Africa and Latin America; conversely, the impact of HEP education and
research for developing countries are also pointed out. In the context of the U.S. strategic
planning for high energy physics, the authors list recommendations on investments that will
benefit both developed and developing nations.
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1. Why should the U.S. care about physics in developing countries?

Throughout the last century and a half, the U.S. has invested human, financial, and social
capital throughout the world. Benefits to the U.S. can be seen through many perspectives,
one such approach is to consider the benefits to the U.S. as affecting its domestic or foreign
relationships. Strengthening domestic relationships means developing U.S. institutions, this
includes growth of capabilities of U.S. National Laboratory programs, the success of public
and private universities, versatility of the workforce, etc. Regarding international endeavors,
the U.S. benefits from healthy relationships between foreign countries and their institutes
with flow of information, technology, and many other resources. In order to have a steady
flow, it is important to maintain a positive relationship with the world. We argue that the
U.S. can benefit from supporting the progress of fundamental science in developing counties
in all of these facets of domestic and foreign relationships.

The efforts of the Peace Corps or the U.S. Agency for International Development (US-
AID) fall within these investments [1, 2]. The ultimate objective is not only to show the
best of American values (or furthering American interests), but also to help reduce poverty
and make progress well beyond assistance [2]. In the context of the USAID program, the
African-American Institute (AAI) [3] has played the role of engaging with African countries
to administer the U.S. aid. In addition, the AAI promotes development in Africa through a
wide range of activities and programs [3]. The Fulbright program [4] is another example of a
U.S.-supported international exchange framework to promote inter-cultural understanding
and skill development in developing countries. These programs strongly encourage interna-
tional beneficiaries who go to the U.S. for training and high education to return to their
home countries to help; this is often enforced through the ”two-year home-country resi-
dency requirement” that the recipient of such support must satisfy at the completion of
their stay in the U.S. [2, 4]. Other international aids are provided through foundations of
non-governmental agencies such as the Bill and Melinda Gates Foundation [5], etc.

Many education and research institutes in the U.S. offer international studies or pro-
grams, not just for students, but as well for professionals and businesses to improve inter-
national engagements and cultural awareness and sensitivities [6, 7]—these programs are
funded in parts through a Title VI Federal Area Studies grant sponsored by the U.S. De-
partment of Education. The Title VI is a provision of the 1965 Higher Education Act, ”to
support area studies that serve as vital national resources for world regional knowledge and
foreign languages. This program reflects the special priority placed by the federal govern-
ment on foreign language and area studies, especially with respect to diplomacy, national
security, and trade competitiveness” [8].

The United Nations (UN) General Assembly has proclaimed the year 2022 as the ”in-
ternational year of basic sciences for sustainable development, to improve the quality of
life for people all over the world” [9]. The UN proclamation resulted from efforts made
by the international scientific communities, including CERN [10], IUPAP [11] and others
under the auspices of UNESCO [9, 12]; this serves to support constructive engagements
with developing countries, to improve their physics education and research programs, for
the benefit of all humankind.

The foregoing case study suggests that the U.S. should care about physics in developing
countries to support national interests, values and ideals, with the collateral benefit of
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seeding self-sustaining development.
The rest of this article is structured as follows; in Section 2, we discuss the current

known status of HEP in some developing nations. Section 3 is left for discussion on how
investment in science research in the developing world may be improved. In Section 4, we
discuss the expected outcomes for the U.S. and developing nations and finally we conclude
and make some recommendations in Section 5.

2. What is the current status of HEP in Africa and Latin America?

2.1. Involvements of Africa and Latin America in large international collaborations

Large scale activities in HEP draw on global efforts, where groundbreaking discoveries
can be achieved through international collaborations. However, many countries have not
contributed equitably to international endeavors in HEP, e.g. countries classified as de-
veloping nations. Various indices are used for such classifications, for example the Gross
National Income per capita, the Human Asset Index or the Economic Vulnerability Index,
as defined by the United Nations or the World Bank [13, 14]. Other metrics to assess devel-
oping nations include the Human Development Index, the Multidimensional Poverty Index,
and the Happy Planet Index [15]. Ultimately, activities in HEP rely on substantial base
of development in economics [16]. Figure 1 shows the countries with institutes working for
the European Organization of Nuclear Research (CERN) [10, 17] along with the number
of affiliated scientists in each country, denoted ”users”. Users do not necessarily originate
from the institute’s country of their affiliation. In total, less than 5% of users are associated
with a developing nation. 1 The geographic diversity of CERN users is broadly applicable
to the HEP community or other centers of major HEP engagement such as Fermilab. In
Africa only four countries – all developing nations – have institutes working for CERN, with
a share of users less than 1%. Although Figure 1 suggests that the situation is relatively
improved for South American institutes; their relative CERN-user engagement is below 2%.
In addition, according to the American Physical Society (APS) member survey, African and
Latin American memberships are only 1% and 3% respectively [18].

As shown in Figure 2, Madagascar is the only African country involved in the Deep
Underground Neutrino Experiment (DUNE); the Malagasy collaboration is 0.3% of the size
of DUNE [19].

The focus of the analysis presented in this paper is limited to countries in Africa and
Latin America. However, the findings may be generalized to other developing nations
around the world.

2.2. The case of Africa

In Africa, HEP activities are centered in the North and South; however, there are some
random positive signals from the vast array of countries on the continent [20]. Some scien-
tists from Africa and Latin America are affiliated to research institutes abroad and might
eventually return to their home countries; until they do, their institutional contributions to
HEP are not reflecting in countries of origin.

1If we include China, the number goes to 8%.
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Figure 1: Distribution of CERN [10] users by location of their institutes. Users are not necessarily originating
from the country of the university or laboratory they are affiliated with. Less than 5% of CERN users are
associated with a developing nation.
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Figure 2: The Deep Underground Neutrino (DUNE) collaboration by country participation. Madagascar is
the only African country in this collaboration as of 2022.

In North Africa, countries such as Morocco and Egypt have the largest presence. Exper-
imentally, the two countries have invested in the ATLAS and CMS collaborations respec-
tively. Morocco joined ATLAS in 1996 and, at the time of writing, has 52 active members.
Egypt joined CMS as a full member, and ALICE as associate member, in 2012. Currently,
Egypt-CMS has 32 members. The expertise in both countries range from physics analyses to
computing and detector performance, operation and upgrade. On the theory side, in both
countries there are about 20 members (including Ph.D. and MSc. students) who focus on the
Standard Model and Beyond the Standard Model physics, quantum gravity, string theory,
astrophysics and cosmology [21]. Algeria is part of the LHCb experiment—with four active
members from the Laboratory of Mathematical and Subatomic Physics, Constantine—as
an associate member to Universidade Federal do Rio de Janeiro (UFRJ), Rio de Janeiro,
Brazil [22]. Morocco has been involved in ANTARES [23] and the development of next
generation of marine telescopes known as KM3Net [24].

In the Southern region of the continent, HEP is dominated by countries such as South
Africa and Madagascar. South Africa is part of the ATLAS collaboration, with a total of 40
active members, and has been a member of ALICE (since 2001) and ISOLDE collaborations,
with 15 and 21 active members respectively. In 2008, South Africa launched the SA-CERN
Consortium [21], which provides funding for students and researchers to travel to CERN
for research and collaboration. In addition to Experimental programs, SA-CERN has an
SA-CERN/Theory division which caters for theoretical physics in CERN related physics.
South Africa is also partnering with the Joint Institute for Nuclear Research (JINR) in

5



Snowmass 2021 CEF03 Diversity, Equity & Inclusion

Russia. The University of Antananarivo in Madagascar has recently joined the DUNE
collaboration, with 9 active members involved in physics analysis and detector development.
HEP theory on the southern part of the continent is dominated by South Africa, which
has formed professional bodies such as the SA-CERN theory consortium [21], the SA-
JINR theory collaboration and the National Institute of Theoretical and Computational
Sciences (NITheCS) [25]. Research expertise in these institutes ranges from High Energy
Nuclear theory to HEP Phenomenology and more [21, 25]. The reconfiguration of NITheP
to NITheCS means that there are great opportunities for trans-disciplinary research, in
particular HEP and astroparticle physics. Through an initiative with the IAEA [26], South
Africa is serving as a hub to the whole Africa for the ”small” facilities in nuclear and
particle physics (accelerators); and many African countries are involved, not only from the
North and South. It is hoped that these initiatives will attract U.S. HEP and astroparticle
community to partner with Africa.

The square kilometer array (SKA), mainly housed in Southern Africa is serving as a
catalysis for the collaboration between African astroparticle physicists and HEP commu-
nities on the continent. There could be leveraging of access to facilities between African
particle physicists and U.S. astrophysicists and visa versa.

Despite low participation of African in HEP, there are notable scholars from Africa—
or of the African diaspora—who have contributed in international HEP, especially in the
theory sector.

The African-American Institute organizes an annual international conference about the
state of education in Africa [27]. The conference brings together stakeholders and practi-
tioners worldwide to discuss mechanisms for strengthening high education in Africa. The
conference proceedings not only summarizes the discussions, but also shares knowledge and
recommendations with the broader audience; this conference offers a yearly snapshot of the
state of high education in Africa.

Some physics programs, supported partially through international engagements includes
the African School of Physics [28], the African School for Electronic Structure Methods
and Applications [29], etc. Other physics programs are developed or coordinated through
the ICTP [30] or AIMS [31], and extensively detailed in this Snowmass 2021 contributed
paper [32].

The activity reports of the African School of Physics suggest that only 15-20% of the
student participants have major concentrations in nuclear or high energy physics, and these
HEP majors come mainly from North Africa and Southern Africa [33]. These findings are
supported by the institutional distributions of CERN users as shown in Figure 1, and suggest
that HEP education and research reflect national strategies in Africa and Latin America—
the U.S. HEP community could influence these national priorities to better achieve the U.S.
strategic agenda as defined by Title VI and increase the reach of HEP worldwide.

An educated African continent is a better Africa for everyone, U.S. institutes and efforts
included. Africa’s youth stands at about 60% of the continent’s population and is growing.
Africa, being a youthful continent should have access to better education for stability and
for poverty eradication, ending inequalities, and creating jobs for the youth. HEP plays an
important role in the U.S. education. Access to HEP education by African youth will in turn
assist in addressing the education challenges on the continent, not only will the education
in the continent improve but also technology transfer will be accelerated. Ultimately, the
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brain-drain of Africa’s talents will stop.

2.3. The case of Latin America

Latin America is constituted by countries with a wide range of economic and develop-
mental capacities. Some countries, such as Argentina, Brazil, Chile, Colombia, and Mexico,
have the population and public/private capital to fund research in large-ticket endeavors
such as the LHC experiments. However, many Latin American countries do not have the
history or in-country experience to lobby for larger expenses.

A common situation for Latin American HEP researchers is to go abroad to earn an
advanced degree, and to stay abroad due to lack of opportunities in their home countries.
Theory research in this respect is much more transferable and feasible for smaller countries
to support at their institutes. Hence, faculty in Latin American institutes tend to be
skewed towards theory. Albeit, several Latin American countries experience brain-drain of
experimentalists. Without in-country expertise, it is difficult to create enough momentum
to provide the space for HEP to flourish. To the U.S., this results in a more difficult
task when investing in the development of these countries. To address this issue we, as a
global community, need to identify and remove the obstacles to those countries’ progress
and inclusion in global collaborations.

Here one must also consider that countries in Latin America not only have different lev-
els of development, but also different policies and organizational structures for the financing
of scientific research. Many countries in Latin America—Argentina, Bolivia, Brazil, Chile,
Colombia Ecuador, Mexico, Paraguay, Peru and Venezuela—have HEP theory and experi-
ment programs in ATLAS, CMS, ALICE, LHCb, RHIC, Belle II, High Luminosity LHC and
future colliders. Latin America also has rich programs in neutrino physics and astroparticle
physics and cosmology, with participation in many neutrino, dark matter, astroparticle and
cosmology experiments, with a community of about a thousand physicists [34].

Concerning large experimental HEP facilities, there are tandem accelerators for nuclear
research in Argentina [35, 36] and Brazil [37], and a large Synchrotron Radiation lab in
Brazil [38]. However most major HEP facilities are in the field of astroparticle physics,
established by world wide collaborations, such as the Pierre Auger Observatory in Ar-
gentina [39], HAWC in Mexico [40], CTA currently in construction in Chile [41], SWGO in
the process of selecting its site in South America [42], and recently CONDOR [43], a new
proposal of a high altitude observatory for cosmic and gamma rays, by a collaboration of sci-
entists from UC Riverside in the U.S. and Chile. In addition, there is a proposal originated
from the Latin American community to build ANDES, the first deep underground labora-
tory in South America, in a projected road tunnel to be built across the Andes mountains
between Argentina and Chile [44, 45, 46].

The HEP community in Latin America has seen a steady growth in several countries,
especially with the advent of the LHC [47]. Several international support programs such
as e.g. HELEN [48] have helped with funds for mobility and participation in experiments.
In 2001 CERN established the first CERN Latin American School on High Energy Physics
(CLASHEP) [49], a two-week event that takes place in a different Latin American country
every other year, with students mainly – but not exclusively – from Latin America. Chile
for example had no experimental HEP research before 2007, the year it joined the ATLAS
Collaboration. Since then, several groups have been formed and participate in experiments
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both in the U.S. and Europe, with contributions that include fabricating technological
components for detectors. Their Ph.D. programs have also grown in size and number,
forming specialists that today work both within the country and abroad.

To better understand the mechanisms effective at developing HEP research capabilities
in smaller Latin American countries, we can consider the maturing effort in Costa Rica
to collaborate at CERN. Costa Rica is a relatively developed country in Central America
of just over 5 million inhabitants. Arguably, its stable democracy and its commitment to
education and peace makes it an ideal candidate for HEP research. Many unprecedented
factors aligned in the past years that have allowed for a top-down creation of an experimental
HEP group. Today however, only a handful of HEP-adjacent faculty have careers in the
country who are relatively isolated from the modern HEP community.

Costa Rica became affiliated with CERN at the signing of an International Cooperation
Agreement in 2014 [50], at the time in an attempt to join the ISOLDE collaboration.
For various reasons, primarily due to lack of person-power and in-country expertise, the
progress of the effort stalled. In 2017, the CERN-Costa Rica accord was ratified by the
Costa Rican government [51]. In 2019, the interest in HEP research was rekindled with
the visit of the President of Costa Rica, Carlos Alvarado Quesada, to CERN. Since 2017,
a group of three (then) Ph.D. students in physics, interested in the development of HEP
in their home country, created relationships with the faculty behind the previous push and
eventually organized a group academics that is now applying for membership to the LHCb
collaboration. Efforts were made with the ATLAS and CMS collaborations but their large-
ticket membership and detector operations financial commitments were too large to begin
the dialogue with the Costa Rican funding agency. The flexibility of LHCb in financial
contribution timeline, as well as its openness to in-kind contributions, is what made the
difference for the burgeoning Costa Rican group.

In 2016, the Latin American HEP community began organizing a international forum
to prioritize HEP efforts. In 2018 the efforts formalized with a Ministerial Declaration fol-
lowing the Third Ministerial Meeting of Science and Technology of Ibero-America explicitly
recognizing a need for a prioritizing process, the Latin American Strategy for Research
Infrastructures (LASF4RI). The objective of LASF4RI is to develop a roadmap to support
Latin American collaborations and their impacts. [52] Over the next two years the process
continued gaining momentum and completed its first full cycle in 2020. [53]

In 2021 a Preparatory Group, with delegates from ten Latin American countries as well
as distinguished scientists representing other regions of the world, produced a LASF4RI-
HECAP Strategy Document [47], which was submitted to a High Level Strategy Group
(HLSG). This document was written based on a detailed Physics Briefing Book that re-
sulted from community input (40 white papers submitted to the Preparatory Group), and
a second HECAP topical workshop with broad regional representation that took place in
July 2020. The Document concluded with 10 recommendations, four of which were high-
lighted by the HLSG: (i) participation from regional groups in the many current and planned
projects located in Latin America should be increased, in order to help position them in
prominent leadership roles, as well as benefit the younger generations of Latin American
scientists; (ii) substantial incursion into underground physics experiments with the develop-
ment of the ANDES facility should be a high priority for the region; (iii) the participation
in international collaborations in both collider and neutrino physics experiments has been
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a key driver in the Latin American region, building-up experimental research groups in the
region, which in many cases have taken on leading roles; these activities should be most
strongly supported; (iv) small and mid-scale regional projects of high scientific and techno-
logical impact can provide unique opportunities to the region to be innovative and assume
leadership and should be supported with high priority.

3. What has been the U.S. HEP community investments and how to improve?

In the general context of international development, the HEP community has invested in
activities in Africa and Latin America through field research, exchange programs, confer-
ences and workshops, international schools and outreach [30, 31, 28, 29, 49], sabbaticals,
and reviews of scientific agenda at the invitation of specific countries [54]. Specifically for
the U.S. HEP community, many investments have been carried out through the structured
programs mentioned in Section 1 to support the activities described in Section 2.

Existing programs are often limited by financial resources and logistic at the venue—
many of these programs seek financial support to maintain their services annually or bi-
ennially. Furthermore, venue capacity may also force the number of participants within
manageable levels [31, 30]. For example, the number of applicants at the African School of
Physics exceeds 400 on average in each biennially edition and the selection rate is typically
25%. However, financial considerations constrain the acceptance rate below 20% before the
venue capacity is reached; thus, 5 to 7% of the selected students end up on waiting list and
never get a chance to attend the school [33, 55]. COVID-19 has forced many activities into
virtual platforms and this removes constraints of travel and venue capacity; however, online
engagements require good internet connections, the lack of which affects the participation
of folks in many developing regions—the virtual edition of the African School of Physics in
2021 illustrates the internet connectivity issues [55].

The U.S. HEP community could increase its support to ensure that financial considera-
tions do not constrain the rates of participation. In some cases, aid to improve the logistics
at the venues or to boost internet connectivity may lead to increased levels of quality par-
ticipation. In other cases, coverage for U.S.-based personnel, co-organizers, physicists and
lecturers should come from different sources so that direct financial contributions to existing
programs are used to maximize participation of Africans or Latin Americans.

Many large collaborations have high entrance fees and/or recurring long-term financial
contributions that are agnostic to the entering institutes economic contexts (i.e. how much
capital is possibly available to them). Collaborations like those at CERN expect the same
contribution from an institute in a developed country as one in a burgeoning economy orders
of magnitude smaller—flexibility in the formation of clusters of institutes, in the timeline
and level of financial contributions, as well as openness in the types of contributions, would
increase the reach of large scale HEP experiments in Africa and Latin America. Examples
of such flexibility and openness that allowed developing countries to join large scale HEP
collaborations include, but not limited to: Morocco has had traditional links to the Eu-
ropean Union, in particular France. In the mid-1990s a small team from Casablanca and
Rabat started collaboration with the ATLAS Grenoble group and this led to the full AT-
LAS membership of a Moroccan cluster in 1996 [56]; Egypt signed a cooperation agreement
with CERN in 2006 and joined CMS and ALICE in 2012 [57]; South Africa was associ-
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ated to Brookhaven National Laboratory in 2008 before it became a member of ATLAS in
2010 [58]; in Section 2, we mentioned the case of Algeria associated to UFRJ Brazil, and
that of Costa Rica, in LHCb; Madagascar became a member of the DUNE Collaboration in
2016 [21]; recently, An-Najah National University became the first university in Palestine
to join ATLAS in association with the University of Paris Saclay, France [59].

4. What are expected outcomes for the U.S. and developing countries?

In this paper, we’ve attempted to show that U.S. HEP engagements with Africa and
Latin America fit within the U.S. national agenda. Defined through the Title VI Act, sup-
port for international development aims to protect U.S. interests and global competitive
edge. This is the primary reason for the U.S. to care of physics, in particular HEP, in devel-
oping countries. Conversely, international development programs—particular in HEP—help
foster basic education and research, and improve participation of developing countries in
basic sciences for sustainable development towards a better quality of life for all people.

5. Conclusions and recommendation

Investment in physics in developing countries has the potential to benefit both developed
and developing nations as summarized in Section 4. Considering the gains for U.S. national
interests, it is recommended that:

• The U.S. HEP community maintains the current engagements and increases invest-
ments in Africa and Latin America to improve the reach of HEP in these regions;

• U.S. universities, research labs, funding agencies help seed sustainable HEP activities
in Africa and Latin America;

• U.S. universities and research labs encourage and support the participation of their
personnel, faculties and research staffs in HEP education and research efforts of
African and Latin American countries;

• U.S. institutes make regular financial contributions towards schools, workshops, conferences—
HEP activities in general—in Africa and Latin America, to ensure a significant par-
ticipation of students and faculties of these regions;

• U.S. institutes to partner with Latin America and Africa in establishing bridge pro-
grams to facilitate the eventual re-integration of physicists from Africa and Latin
America into their countries;

• U.S. institutes to support students and faculties from Africa and Latin American
to come to U.S. laboratories and universities for research experience programs with
short-term visits (three to six months);

• For impact assessment, U.S. funding agencies, laboratories and universities support
the aforementioned recommendations in a coordinated program managed through a
laboratory.
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• Organizations collectively representing U.S. National Laboratories and Universities
in international collaborations should recognize the disparity in economic capabilities
of countries in Africa and Latin America compared to the U.S., and in order to
best support the development of HEP in these countries, should support and lead
initiatives for more equitable contributions (e.g. membership and operations fees for
participation in large collaboration, conference fee waivers and travel support to U.S.
based meetings, etc).

• The Division of Particles and Fields, of American Physical Society, as the organiser for
Snowmass, to oversee the implementation of the recommendations between Snowmass
2021 and the next one.
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