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1. Introduction

This paper summarizes a scientometric analysis of publications in scholarly journals pertaining
to the fields of high energy physics (HEP), astrophysics and nuclear physics. The period covered by
the analysis, from 1985 to 2017, encompasses the activity at major colliders (LEP, Tevatron, beauty
factories and LHC), as well as the lifecycle of several fixed target and astroparticle experiments.

The analysis examines social and scientific characteristics of the publications, such as their
geographical distribution, the distribution of participating research institutions and the spectrum of
scholarly journals where they are published. The data are collected from the Web of Science [1]
and are analyzed by means of econometric methods and techniques pertaining to statistical ecology.

Due to the page limit in the conference proceedings, this papers reports only a brief overview
of the methods and results, which will be more extensively documentated in a forthcoming publi-
cation.

2. Analysis method

An original methodology, based on statistical techniques, has been developed to evaluate sci-
entometric data with respect to diversity. It encompasses measures of diversity [2], derived from the
domains of information theory and ecology, and measures of inequality [3] pertaining to economet-
rics, whose evolution is objectively appraised by means of trend tests [4, 5, 6]. The scientometric
analysis concerns physics-oriented and technology-oriented publications in high energy physics,
astrophysics and nuclear physics. The analysis software has been developed in R [7].

Simpson index and Shannon entropy are commonly used as measures of diversity. Shannon
entropy, first created in the context of information theory [8], measures the minimum volume of
communication required to code a message and is related to the concept of multiplicity of states.
Simpson index [9] encodes the probability that two entities randomly taken from a data set represent
the same type. Renyi’s entropy [10] is a generalization of Shannon Entropy; a parameter in its
formulation controls the relative importance of rare species. Hill numbers[11] are a mathematical
family of diversity indices, where a parameter accounts for the effective number of species.

3. Overview of the results

One can observe a general increase of the number of publications, of journals, of participating
countries, organizations and authors over the period subject to analysis; a sample of results is shown
in Figure 1. Although the yearly data distributions exhibit low and approximately constant median
values over the whole period, outliers extend up to very large number of publications.

The scientometric data show the evolution of the role of entities traditionally active in HEP
research as well the appearance of new players on the scene. As a example, Figure 2, which reports
the relative position of a few representaive organizations as a function of time: lower ranks reported
in the figures correspond to more prominent position in terms of number of HEP publications.

As an example, Figure 3, shows the Hill number of order 1, corresponding to the exponential
of Shannon entropy, as a function of time: one can observe a general evolution towards greater
diversity of countries, organizations and authors in all the examined research domains. Sensitivity
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Figure 1: Evolution of publications in HEP journals.
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Figure 2: Rank of representative organizations regarding the number of published papers.

to scarcely represented entities is highlighted by the measurement of Renyii’s entropy at various
orders; an example is shown in Figure 4.
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Figure 3: Diversity of countries, organizations and authors, measured by Hill number of order 1.

Inequality has decreased across countries, but HEP publications are more and more concen-
trated within a small number of organizations and authors. Figure 5 shows this evolution; similar
trends are observed in Gini [12], Pietra [13] and Atkinson [14] inequality indices. Organization
and author inequality in technological publications is lower than in physics publications.

4. Conclusions

In general, one observes evolution towards greater diversity in HEP, but increasing concentra-
tion in a small number of organizations. Physics and technological papers exhibit different patterns.
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Figure 4: Diversity in countries measured by Renyi’s entropy of order 0, 2 and infinite.
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Figure 5: Inequality measured by Gini, Pietra and Atkinson indices.
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