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Abstract

Purpose: Neutrinos and dark matter are two fascinating and mysterious topics
in modern physics, with numerous experiments conducted worldwide to study
their properties, interactions, and their impact on our understanding of the uni-
verse. Neutrino detection is primarily achieved through two methods: charged
current interactions and neutral current interactions. Although the scattering
cross-section for neutral current interactions is generally smaller than that for
charged current interactions, coherent scattering of neutrinos from atomic nuclei
can increase the neutral current cross-section by a factor of two to four. This
phenomenon has led to the development of many recent experiments utilizing
coherent neutrino-nucleus scattering, employing techniques similar to those
used in dark matter detection. This study analyzes the co-occurrence of the
keywords "neutrino" and "dark matter" in scientific literature, focusing on de-
tection methods to identify research trends and explore interdisciplinary connec-
tions between these fields.

Methodology: A comprehensive dataset of published articles was extracted
from the Web of Science database, and co-occurrence maps were visualized
using VOSviewer software to analyze the connections between topics, authors,
and countries. The results reveal significant clusters of studies linking neutrino
physics and dark matter research, demonstrating increasing collaboration be-
tween these fields. These clusters not only reflect growing interest in the inter-
section of these areas but also point to promising directions for future research
that could enhance our understanding of the fundamental components of the
universe. In this article, we evaluate trends in scientific literature by examining
the relationship between neutrino physics and dark matter research, with a par-
ticular focus on detection methods. Using data from the Web of Science data-
base and co-occurrence maps generated in VOSviewer, we address the follow-
ing research questions: First, what are the frequency and distribution of key-
word co-occurrence in scientific articles indexed in the Web of Science data-
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base, and how do these patterns reflect the evolution of research topics over
time? Second, what are the characteristics of scientific articles in terms of lan-
guage, country, participating researchers, research areas, and keywords, and
how do these factors influence the global research landscape in this field? Third,
what clusters and topics emerge from co-occurrence analysis in the Web of Sci-
ence database, and how do these clusters reflect the interdisciplinary nature of
neutrino and dark matter research? Fourth, how have research topics evolved in
Web of Science-indexed articles, and what key milestones mark the develop-
ment of this field? Fifth, what patterns of international collaboration exist in this
field based on Web of Science data, and how do these collaborations contribute
to advancements in neutrino and dark matter research? To ensure a comprehen-
sive and accurate analysis, a hierarchical tree diagram was created to map the
relationships between different branches of research. This diagram, along with
existing thesauri and expert input, helped select appropriate keywords. The
search strategy employed Boolean operators (AND, OR) across titles, key-
words, and abstracts to ensure broad coverage of the literature. This approach
allowed us to examine all research activities in this field, from theoretical stud-
ies to experimental investigations.

Findings: The analysis revealed that between 2010 and 2020, research activity
in neutrino and dark matter studies increased significantly. Key topics included
neutrino detectors, dark matter detectors, physics beyond the Standard Model,
high-energy neutrinos, gravitational waves, and black holes. These subjects rep-
resent recent advancements in the field, with a strong emphasis on detection
technologies, theoretical developments, and observational methods. The emer-
gence of these topics reflects growing interest in the connection between neutri-
no physics and dark matter research, as well as advancements in the experi-
mental and theoretical tools available to researchers. Additionally, the study
identified seven collaboration clusters among countries, with the largest cluster
comprising 19 countries. This cluster represents a strong network of interna-
tional collaboration, highlighting the global nature of research in this field. In
contrast, smaller clusters with fewer members indicate regions with more lim-
ited collaborative networks, suggesting opportunities for increased international
engagement. These findings underscore the importance of global cooperation in
advancing neutrino and dark matter research and the need for continued invest-
ment in international partnerships and infrastructure.

Conclusion: This study offers a comprehensive overview of research devel-
opments in neutrino and dark matter studies. Through bibliometric analysis and
co-occurrence mapping, key trends, emerging topics, and patterns of interna-
tional collaboration have been identified. These findings not only clarify the
current state of research but also suggest valuable directions for future investi-
gations that could enhance our understanding of the universe's mysteries. The
results highlight the importance of interdisciplinary approaches, international
collaboration, and ongoing investment in research infrastructure to address fun-
damental questions in neutrino physics and dark matter research.

Keywords: Neutrino, Dark matter, Neutrino detection and observation, Dark
matter detection, Keyword co-occurrence, Topic clusters, Scientific interactions
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