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Abstract

Nowadays big scientific experiments require large organizations and hundreds of researchers who participate from several
institutions. An interesting, yet rarely studied aspect of this new kind of scientific enterprise is the internal collaboration
between the members of the participating institutions. Here we assess this matter in one of the most well-known examples
of big science: the ATLAS experiment at CERN. Applying different network analysis techniques to data from internal CERN
databases, we have identified several collaboration patterns in the experiment. We observe, on the one hand, the high level
of collaboration between the institutions represented in ATLAS, higher than the average in the field of physics, and we iden-
tify the key institutions in the collaboration network. On the other hand, we notice that the collaboration network does not
follow a scale-free or power-law model, contrary to what happens in other studied collaboration networks in physics and
other areas. Finally, we observe that geographic distance between two institutions does not seem to affect the probability
of establishing collaboration relationships, in contrast also to what happens in other kinds of collaboration networks.

Keywords
Scientific research; Scientific collaboration; Big science; High-energy physics; Co-authorship networks.

Resumen

Actualmente los grandes experimentos cientificos necesitan una gran organizacién en la que participan cientos de investiga-
dores de varias instituciones. Un aspecto interesante, aunque poco estudiado, de este nuevo tipo de iniciativas cientificas es
la forma que toma la colaboracién interna entre los miembros de las instituciones participantes. En este trabajo se investiga
este tema en uno de los ejemplos mas conocidos de big science: el experimento ATLAS del CERN. Mediante la aplicacion de
varias técnicas de analisis de redes a informacidn proveniente de bases de datos internas del CERN, se identifican varios pa-
trones de colaboracién dentro del experimento. Se comprueba, por una parte, el alto nivel de colaboracion entre las institu-
ciones representadas en ATLAS, superior al observado usualmente en el campo de la fisica, y se identifican los actores prin-
cipales en la red de colaboracion. Por otra parte, se observa que la red de colaboracién no sigue un patrén “libre de escala”
o de “ley de potencia”, al contrario de lo que ocurre en otras redes de colaboracién estudiadas en fisica y en otros campos.
Finalmente, se advierte que la distancia geografica entre dos instituciones no parece tener ningln efecto en la probabilidad
de establecer relaciones de colaboracidn, contrastando también con lo que ocurre en otros tipos de redes de colaboracidn.
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toria.
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lov; Genuth; Shrum, 2002), but one can hardly find in-depth
case studies of modern big science experiments that exami-
ne internal organization and features.

1. Introduction

One of the rapidly changing aspects of scientific activity
today is the dynamic of collaboration, both between indi-
vidual scientists and between institutions or countries. In
recent decades, the frequency and importance of collabora-
tion initiatives in most scientific disciplines has experienced
a large increase (Sonnenwald, 2007).

One of the interesting aspects of many big scientific expe-
riments is that their findings tend to be attributed to the
collaboration as a whole and not to individual researchers
because of their publication policies. This offers only a par-
tial view into the internal dynamics of collaboration and is
precisely one of the main difficulties when it comes to un-
derstanding how big scientific collaborations work. The fact
that the most important discoveries are published in articles
that are signed by all members of the collaboration (Figure
1) makes it very difficult to ascertain who has taken part in
each of the multiple sub-projects in which the global pro-
ject is divided. It is impossible to know, by looking at the pu-
blications produced, what specific institutions or scientists
have established a direct collaboration within the experi-
ment. Thus, the use of established methodologies emplo-

The growth of scientific collaboration becomes more evi-
dent in big scientific experiments, or in so-called big science
projects, where typically hundreds, or even thousands, of
researchers coming from many institutions and countries
join forces to tackle big scientific questions. One can find
examples of big science in diverse disciplines such as geno-
mics, astronomy, nuclear fusion, and high-energy physics. In
these fields, a large part of the budget allocated to scientific
research comes from governmental or international funding
agencies.

Because of their increasing number and importance, it is
highly relevant to understand the structure and dynamics
of these collaborations. Current published research recog-
nizes that they vary depending on the discipline (Chompa-

yed to study scientific collaborations, such as applying social
network analysis techniques to identify co-authorship ne-
tworks based on data originating from published journals’
databases, is rather ineffective. Since articles are signed by
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everyone in the collabora-
tion, co-authorship relations
measured in the usual way
do not represent real colla-
boration in actual research
tasks carried out together.
Applying the usual procedu-
res, like the construction of
co-authorship networks ba-
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2. Objectives

In this paper we aim to solve, to some extent, the afore-
mentioned problem by using an alternative source of infor-
mation about the inner scientific collaboration structures
within one of the most important big science experiments:
the ATLAS experiment at CERN. This source of information is
the ATLAS internal publication database, which allows us to
find out about the actual scientists involved in the research
that led to each published paper. Thanks to this feature, we
will investigate:

- the patterns of collaboration between the institutes
and universities that participated in ATLAS and whether
the main features of the collaboration differ from the
patterns observed in smaller scale projects;

- the structure of their internal collaboration network;

- the most prominent actors in that collaboration ne-
twork;

- the influence of geographical proximity of the institu-
tes’ headquarters on the probability of collaboration
between them.

3. Scientific collaboration
3.1. Scientific collaboration in large experiments

Several studies conducted in the last several years suggest
that research publications made by scientific collaborations
have an increasing impact (Benavent-Pérez et al., 2012).
This effect appears to be even stronger in the case of in-
ternational collaborations that involve institutions coming
from various countries (Kronegger; Ferligoj; Doreian, 2011).
Itis, therefore, to be expected that an important part of pu-
blic research funds goes to projects involving collaborations
between different groups of researchers. This fact becomes
even more accentuated in the calls for EU programs, whe-
re projects are seldom admitted unless the collaboration of
scientists and institutions are from several member states.

This growth of scientific collaborations has gone hand in hand

Figure 1. This article is signed by 5,154 authors from 344 institutions. The text occupies 9 pages and the

with the proliferation of the so-called big scientific experi-
ments or big science. In different areas (genomics, high-ener-
gy physics, climate sciences, ecology, astronomy, nuclear fu-
sion, etc.), scientific research has moved its center of gravity
in the last decades from small or mid-size experiments to lar-
ge and complex collaborations (Galison; Hevly, 1992).

The concept of big science is not new. It was proposed in the
1960s by Weinberg (1961) and Price (1963) after the big re-
search projects that took place in the US during the Second
World War, like the famous Manhattan project which resul-
ted in the development of the first atomic bomb. However,
in recent decades the term big science has increased its
popularity with the emergence of more and more projects
that fit with this idea (Etzkowitz; Kemelgor, 1998; Hicks;
Katz, 1996; Knorr-Cetina, 1999). Thus, both academics and
research funding agencies have an increased interest in be-
tter understanding the structures and characteristics of big
science collaborations.

Scientific collaborations can be studied from different
points of view, depending on the unit of analysis. For ins-
tance, we can look at collaboration between individuals,
between departments or laboratories, between institu-
tions (universities, research institutes, hospitals, etc.) or
between countries (Sonnenwald, 2007). In the case of
big science projects, the most relevant level is the insti-
tutional. Duration of this type of experiment ranges from
years to decades. The complexity and variety of the requi-
red tasks suggest, as a consequence, that the individual
researcher turnover is quite high. Institutions, however,
usually maintain their participation in the experiments
throughout their life cycle because they have made large
capital investments. Therefore, we will base our analysis
in the study of inter-institutional collaboration within big
scientific experiments. Of course, it is always possible to
aggregate institutional data to obtain meaningful results
at the regional or country level.
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The study of scientific collaboration also requires some level
of contextualization. In order to understand the established
collaborative dynamics, one has to take into account the dis-
cipline (or disciplines) involved, the geographic area where
the project takes place, the kind of research performed, and
other factors (Gazni; Sugimoto; Didegah, 2012; Ortoll et
al., 2014). The contexts where big science experiments are
performed are very diverse, but there are some common
characteristics between them. On the one hand, the size of
the collaboration measured, in terms of number and variety
of participant researchers, may influence the way in which
people work in the collaboration, both at organizational le-
vel (Santalainen et al., 2011) and at the level of the interac-
tion of the individual researcher with the group (Bressan;
Boisot, 2011; Creus; Canals, 2014). On the other hand, it is
necessary to consider the geographic location of the expe-
riment. In many cases, due to its special characteristics, the
experiment must be situated in a specific place. This is the
case, for instance, of big telescopes or high-energy physics
detectors, which rely on supporting infrastructure. In other
instances, like in many genomics-related projects, the ex-
periments are distributed among several institutions taking
part. What seems to be a common trend is that, once the
data have been obtained, they can be analyzed in several
locations in a distributed way thanks to the current possi-
bilities of information and communication technologies.
Thus, it is not necessary for all participants to be at the ex-
periment site at all times. Instead, they can often work from
their institutions of origin.

3.2. Collaboration in physics

In order to correctly interpret the results, it is necessary
to take into account the characteristics of collaboration in
current physics experiments. Thus, we will first review the
relevant literature in the domain of physics.

Recently published studies in the field of physics suggest a
high degree of collaboration: around 50% of the physics re-
search findings come from inter-insti-
tutional collaboration and, from them,
approximately 30% come from inter-
national collaborations (Benavent-Pé-
rez et al., 2012). In particular, physics
shows a higher level of international
collaboration than in other fields. Also,
geographical distance turns out to be
quite relevant when it comes to esta-
blishing collaborations: unsurprisin-
gly, the frequency of collaborations
between close institutions is clearly
higher that between those that are
farther away from each other.

In one of the few studies based on
longitudinal data, i.e., corresponding
to different points in time, Lorigo and
Pellacini (2007) observe:

- an increase in the number of in-
ter-institutional collaborations,

- an increase in the intensity of in-
ter-institutional collaborations, me-

asured in terms of the number of publications produced,

- anincrease in the percentage of nodes of the co-author-
ship network of the field belonging to the principal com-
ponent, which suggests that the density of collaborations
between the institutions in the field is growing, and

- a slight loss of the centrality of CERN as an institutional
node, implying a reduction in need for institutions to act
as hubs for international collaboration initiatives.

The most recent successes of the CERN-based experi-
ments may cast some doubt on the last point. In any case,
as Huang, Tang, and Chen (2011) suggest, there is a need
for an in-depth study about collaboration networks formed
around institutions like CERN in order to better understand
the collaboration patterns in the field of physics. Our aim is
to contribute to this idea by studying the ATLAS collabora-
tion network.

4. Research setting: The ATLAS experiment

ATLAS is one of the four experiments associated with the
LHC (Large Hadron Collider) at CERN, which became ope-
rational in 2008. The LHC is a circular accelerator housed
inside a 27 km long underground tunnel that straddles the
Franco-Swiss border near Geneva, Switzerland. Inside the
LHC, beams of protons (or alternatively heavy nuclei) tra-
vel in both directions at speeds very close to the speed of
light. At four specific points along the ring these beams co-
llide at very high energies, designed to reach 14 TeV®. This
makes it possible to reproduce conditions of our universe
just after the Big Bang. The aim of the LHC experiments has
been to test the present Standard Model of elementary par-
ticles as well as other theories that go beyond it. The first
important discovery of the LHC experiments was the Higgs
boson, announced in 2012. Currently, there is an aim to sol-
ve even more difficult challenges, like trying to find answers
to puzzling questions such as, “What is dark matter and dark
energy?” Dark matter and dark energy are believed to exist
in the universe, but somehow have remained undetected.

Overall view of the LHC exeriments.

Figure 2. The Large Hadron Collider (LHC) at CERN. (Source: CERN)
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For that it is necessary to regis- a)
ter what happens at the colli-

sion points. Four detectors built

for that purpose take care of it:

ATLAS and its “siblings” CMS,

Alice and LHCb (Figure 2). The

ATLAS (A Toroidal LHC Appa-

ratuS) detector is situated in a

point of LHC in French territory,

some 80 meters underground, I
and consists of a complex ins- \
trument capable of measuring

the trajectories and energies of

the particles produced from the

proton collisions by the LHC.

ATLAS has the approximate sha-

pe of a cylinder having the LHC

beam pipe as its axis, measuring

25 meters in diameter and 45 b)
meters in length and weighing

about 7000 tons (Figure 3). It is
arguably one of the most com-

plex instruments ever built by

the human being, capable of
gathering data corresponding

to the 40 million collisions pro-

duced every second. Even after
discarding those events without
scientific interest, 100 Mbytes

of data are stored per second.

The later analysis of those data
permits identifying the produc-

tion of new particles, and, the-

refore, verifying the proposals

put forward by theoretical phy-

sicists.

JATLAS
A EXPERIMENT
http://atlas.ch

Run: 280673
Event: 1273922482

With the objective of building
and operating the ATLAS detec-
tor, in 1995 the ATLAS Collabo-
ration was created. Today, it is
comprised of more than 5,000 researchers, most of them
physicists, but with strong participation also from engineers
and computer scientists from about 180 institutes and uni-
versities in 38 countries all over the world, representing
four continents (Figure 3). The collaboration adopts a pe-
culiar and unusual organization structure, with a very low
degree of hierarchy, where meritocracy rules and decisions
are usually made by consensus according to scientific and
rational criteria (Santalainen et al., 2011).

5. Methodology

As stated before, we were granted access to an internal da-
tabase used by the collaboration where all the generated
physics preprints are registered. Once discussed and com-
pleted, those preprints are submitted for publication and, in
due time, become published articles in refereed journals. In
the above-mentioned internal database one can find useful
information about each paper such as the date of collected
data for analysis, the type of physics process analyzed or the
names of the ‘editors’. These ‘editors’ are the scientists in

Muon Detectors

Tile Calorimeter

Liquid Argon Calorimeter

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

2015-09-29 15:32:53 CEST

Figure 3. The ATLAS detector (a) and the reproduction of one of the events produced in it (b).
(Source: ATLAS Collaboration)

charge of writing the initial draft of the preprint or reviewing
it thoroughly, because they have either led the analysis
teams or have been directly involved in that specific analy-
sis process. Of course, there are other scientists involved in
the research leading to the publication apart from the edi-
tors, but at least one editor is always representing each one
of the main institutions involved. Thus, by knowing the na-
mes of the editors that collaborate on the papers and which
institution each ATLAS member belongs to, it is possible to
obtain an accurate map of the structure of the internal co-
llaboration within ATLAS and between the institutions that
form it. Table 1 describes the fields in the database that we
used for this study. Notice that there is one register in the
database for each combination of Publication.ID and Editor,
since each publication may have (and usually has) more
than one editor.

The analyzed preprint data corresponds to documents ini-
tiated during the period between 2008 (including results co-
ming from detector tests using cosmic rays data before the
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LHC was commissioned) and the 31 of December of 2013.
These data were gathered between 2013 and 2015 and con-
tain most of the analysis performed on ATLAS data before
the two-year shutdown of the collider in January of 2013.
We analyzed a total amount of 508 preprints produced by
3,093 authors from 167 of the 217 institutes or sub-institu-
tes involved in the ATLAS Collaboration. After we had per-
formed our analysis, we contrasted the results obtained and
their interpretation with several ATLAS researchers.

We should stress the fact that when the studied preprints
are published as journal articles, they are signed by the
whole ATLAS Collaboration. There is no way, thus, to ascer-
tain from the published articles the internal collaboration
patterns within the experiment. Although this practice may
seem unethical in some research fields, in experimental hi-
gh-energy physics it is the standard way to proceed. Physi-
cists believe that all members in a collaboration deserve the
credit for any discovery.

Table 1. Database structure

Database field Description

Publication.ID Internal identification number of the paper
Editor Name of editor
Title Title of the paper

Creation.Date Time of creation of the paper

Work group where the publication has been

Lead.Grou
P created
Num.Editors Number of editors of the paper
T Research institute or university to which the
Institution -
editor belongs
Institution. TP
Country where the institution is based
Country

For the manipulation of the data-
base we used the R statistics sof-
tware. The co-authorship network
was generated with the Igraph
package for R. The networks me-
asures and the algorithm applied
for the detection of communities
were calculated with Igraph and
Mathematica™, and these tools
were also used for the generation
of the visualization images.

6. Results

Sweden
Switzerland
Taiwan
Turkey

6.1. Co-authorship network

The co-authorship network resul-
United Kingdom tin.g frgm the a.naly./zed set of pre-
United States of America prints is shown in Figure 5. In a) we
CERN represent the whole co-authorship
JINR network. In it, nodes represent
institutions and links represent co-
llaboration between them. Those
links have a weight corresponding
to the number of papers co-autho-
red by the two institutions linked. The size of the node is
proportional to the number of papers in which the institu-
tion has taken part. In order to facilitate the interpretation
of the visualization, in b) we represent a subgraph of the
whole network where we have pruned the institutions with
less than 20 collaborating peer institutions.

The whole network contains 167 vertices in total, corres-
ponding to the different institutes of researchers’ origins,
and 3470 links that represent collaborations between mem-
bers of the institutes linked. The network is completely con-
nected: there are not separate components. Network den-
sity is quite high (p = 0.25) for a network of this size. The
mean degree (k) , which represents the average number of
collaborations per institute, is 41.56. This is also very large.
We observe, thus, that there exists a real, high level of inter-
nal collaboration in ATLAS.

The observed clustering coefficient is also quite high (C =
0.64) compared to a random network of the same size. This
indicates a high level of transitivity in the collaboration.
That is, if two institutions are collaborating at the same
time with a third one, it is likely that they are also collabo-
rating with each other. The mean distance (average of the
shortest path between all pairs of nodes in the network) is
quite short (0= 1.82), which is obviously much lower than
the famous “six degrees of separation” in the well-known
study by Milgram (1967). Something similar happens with
the maximum diameter, which is relatively low (d = 4). This
combination of short average distance and large transitivi-
ty allows us to qualify the ATLAS collaboration network as
a small world network (Watts; Strogatz, 1998).

However, in contrast to most networks (Dorogovtsev; Men-
des, 2003), the ATLAS collaboration network is not scale-free,
i.e. its degree distribution does not follow a power-law. This
differentiates it from the majority of collaboration networ-
ks studied through the analysis of co-authorship (Barabasi;
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Figure 5. Collaboration network between the ATLAS experiment institutes.

Albert, 1999; Newman, 2001; Redner, 1998). Indeed, after
analyzing the accumulated degree distribution

co

P = Z Pr:
k'=k

following the method proposed by Newman (2010, p. 250),
we observe that it clearly does not adjust to a power law.
In Figure 6 we observe that the graphical representation of
the distribution in a bilogarithmic plot
adopts a shape that clearly deviates

b) Simplified network

Girvan (Clauset; Newman; Moore, 2004; Newman; Girvan,
2004)

1 kik;

3]

where A_is the adjacency matrix, k, is the degree of vertex i,
¢,is the class to which vertex has been assigned and m s the
total number of links in the network.

from a straight line. However, these
findings should be taken with care,

since they come from the analysis of
a very specific and singular case: a
high-energy physics big science expe-
riment. Therefore, they may serve as
one instance of what can happen in big
science collaborations, but they may
not be generalized.

0.500
|

0.100

6.2. Community analysis

Cumulative Frequency

0.020
|

In order to probe more deeply into the
collaboration network structure, it is in-
teresting to identify the clustered com-

o -] o
® % 200540000
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munities that emerge, i.e., the groups
of vertices that show a higher degree of
interaction between each other. In the
case of ATLAS, and after testing various

| | | | | |
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methodologies, we adopt the algori-
thm that maximizes the Q measure of
modularity proposed by Newman and

Figure 6. Cumulative degree distribution of the collaboration network between the institutes
participating in the ATLAS experiment. The red line in the figure represents the best possible
attempt to adjust the distribution to a power law.
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Figure 7. Emerging communities in the ATLAS collaboration network

The application of this method detects four separate com-
munities (Figure 7). They are relatively equilibrated in terms
of their number of members (55, 46, 40 and 26, respecti-
vely). After inspecting their composition, one cannot signal
in any case geographical proximity as a factor to explain the
aggregation since each community groups research institu-
tes of many parts of the world. Table 2 shows the composi-
tion of each community.

7. Discussion

We extract results from the analysis of the ATLAS collabora-
tion network, which questions some of the trends observed
in collaborations related to smaller experiments or projects.
Due to the collective signature policy in large scientific expe-
riments such as ATLAS, the details of collaboration between
scientists and institutions are not registered in published
articles’ databases. Since all participants sign all major ar-
ticles regardless of whether they have directly contributed
to the findings described in each paper or not, published
journals do not contain information about that aspect. As a
consequence, this type of project may be overlooked when
studying scientific collaborations, despite the fact that the
number of researchers involved and amount of funds de-
ployed are extraordinarily relevant. Our work intends to
contribute knowledge and avoid this bias, examining some
of the particularities of collaboration in these kinds of scien-
tific endeavors.

First, it is interesting to observe that the level of collabora-
tion within the experiment was extremely high. Of course,
this is not a surprising result since collaboration is the rai-
son d’étre of big science projects. However, both the ave-
rage degree of the nodes in the co-authorship network and
the relative size of its principal component indicate that the
degree of collaboration within the experiment was much
higher than outside of it in the same discipline, while a
comparable clustering coefficient reflects a similar level of
transitivity (Newman, 2001). This confirms the expectation
that these kinds of collaborations constitute a mean to pull
together the diverse knowledge and experience from scien-
tists and institutions from all over the world to fulfil the set
of objectives. Relatedly, they also offer a way to join forces
in order to acquire influence and get funding from public
and private sources.

Second, the ATLAS co-authorship network we have studied
does not show a power-law shaped degree distribution, in
contrast to what has been found in scientific collaborations
in general (Barabasi; Albert, 1999; Redner, 1998). Neither
does it follow a power law with exponential cutoff found in
other studies (Newman, 2001). The absence of a long tail
signature of power law distributions indicates that the ne-
twork did not adopt the characteristic topology of a ‘hub
and spoke’. This may be related to time constraints in the
development of the project, the diversity of the level of spe-
cialization required, and limitations concerning the size of

968 El profesional de la informacidn, 2017, septiembre-octubre, 26, n. 5. elSSN: 1699-2407



Collaboration networks in big science: The ATLAS experiment at CERN

Table 2. Composition of each of the communities in the ATLAS collaboration network

Community 1 Community 2 Community 3 Community 4
Arizona (USA) Santa Cruz UC (USA) Adelaide (Australia) Berkeley LBNL (USA) Albany (USA)
Athens (Greece) Sussex (UK) Alberta (Canada) Birmingham (UK) Columbia (USA)
Austin (USA) Sydney (Australia) Annecy LAPP (France) Boston (USA) Cracow AGH-U (Poland)
Belgrade IP (Serbia) Tsukuba (Japan) Argonne (USA) Brookhaven BNL (USA) Glasgow (UK)
Bologna (ltaly) Tufts (USA) Arlington UT (USA) Cambridge (UK) Goettingen (Germany)
Bonn (Germany) Victoria (Canada) Barcelona (Spain) Copenhagen (Denmark) Grenoble LPSC (France)

Brandeis (USA)

Warwick (UK)

Beijing (China)

Dallas SMU (USA)

Innsbruck (Austria)

Bucharest IFIN (Romania)

Wuppertal (Germany)

Bergen (Norway)

Dresden (Germany)

London Rhbnc (UK)

Buenos Aires (Argentina) Yerevan (Armenia) Berlin HU (Germany) Duke (USA) Montreal (Canada)
CERN (Switzerland) Bern (Switzerland) Edinburgh (UK) Nagoya (Japan)
Carleton (Canada) Bog. Istanbul (Turkey) Harvard (USA) Napoli (Italy)
Chicago (USA) Bratislava (Slovakia) Hefei (China) Nikhef (Netherlands)
Clermont - Ferrand (France) Cape Town (S. Africa) Lancaster (UK) Oklahoma SU (USA)
Cosenza (Italy) ES-PIC (Spain) Manchester (UK) Osaka (Japan)

Cracow IFJ PAN (Poland)

Genova (Italy)

Marseille CPPM (France)

Portugal 1-LIP (Portugal)

DESY (Germany)

lowa (USA)

Michigan (USA)

Prague CU (Czech Rep.)

Dortmund (Germany)

lowa State (USA)

Moscow MEPhI (Russia)

Protvino IHEP (Russia)

Frascati (Italy)

Johannesburg (S. Africa)

Munich LMU (Germany)

Siegen (Germany)

Freiburg (Germany) Kobe (Japan) Northern lllinois (USA) Stony Brook (USA)
Geneva (Switzerland) Kyoto (Japan) Ohio SU (USA) Triumf (Canada)
Giessen (Germany) Lpnhe-Paris (France) Pavia (Italy) Tel-Aviv (Israel)
Heidelberg KIP (Germany) La Plata (Argentina) Pennsylvania (USA) Trieste ICTP (Italy)

Heidelberg Pl (Germany)

Lecce (Italy)

Petersburg NPI (Russia)

Valparaiso (Chile)

Indiana (USA) London UC (UK) Prague AS (Czech Rep.) Vancouver UBC (Canada)
JINR Dubna (Russia) Lousiana Tech (USA) Prague CTU (Czech Rep.) Wuerzburg (Germany)
Jagiellonian (Poland) Lund (Sweden) SLAC (USA) Yale (USA)

KEK (Japan)

Madrid UA (Spain)

Saclay CEA (France)

Liverpool (UK)

McGill (Canada)

Seattle Washington (USA)

Ljubljana (Slovenia)

Milano (Italy)

Shandong (China)

London QMUL (UK)

Minsk AC (Belarus)

Shanghai (China)

Mainz (Germany)

Moscow SU (Russia)

Sheffield (UK)

Massachusetts (USA)

NYU New York (USA)

Stockholm (Sweden)

Melbourne (Australia)

Oklahoma (USA)

StockholmKTH (Sweden)

Michigan SU (USA) Oslo (Norway) Taipei AS (Taiwan)
Minsk NC (Belarus) Pisa (Italy) Thessaloniki (Greece)
Munich MPI (Germany) Pittsburgh (USA) Tokyo Tech (Japan)

New Mexico (USA)

Simon Fraser B. (Canada)

UC Irvine (USA)

Nijmegen (Netherlands)

Technion Haifa (Israel)

Ul Urbana (USA)

Olomuc (Czech Republic)

Tokyo ICEPP (Japan)

Witwatersrand (S. Africa)

Oregon (USA) Toronto (Canada) York (UK)
Orsay LAL (France) UAN Bogota (Colombia)

Oxford (UK) Udine (Italy)

RAL (UK) Uppsala (Sweden)

Roma | (Italy) Valencia (Spain)

Roma Il (Italy) Weizmann R. (Israel)

Roma Tre (Italy) Wisconsin (USA)
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the teams that the participating institutions employed. In
these conditions, it is difficult for any institution to accumu-
late a significantly higher number of collaborative relations-
hips to become a hub in the co-authorship network.

Third, there were a small kernel of institutions that had a
prominent situation within the ATLAS collaboration network
(see Figure 5 b). This kernel is formed by Michigan, Berkeley
LBNL, London, DESY, and CERN. Among them, Berkeley LBNL
seemed to play a central role. Other institutions around
them appeared in this simplified version of the network
including Harvard, Mainz, Oxford, Orsay LAL, Brookhaven
BNL, or Lpnhe- Paris also played an important role.

Fourth, geographical distance between ATLAS institutions
did not seem to be a determining factor for the establish-
ment of collaborations. After inspecting the composition of
the communities we found in the ATLAS collaboration ne-
twork, nothing seems to indicate that institutions that are
closer tend to group in the same communities. This is not
what happens in collaboration networks outside big experi-
ments. In that case it has been shown that the importance
of collaborative relationships decreases with the distance
between the geographical sites of institutions (Pan; Kaski;
Fortunato, 2012). The explanation for this discrepancy is
probably related to the existence of one physical location
only for the ATLAS experiment. At CERN researchers from
different institutions meet periodically and may know each
other, solve misunderstandings, or transmit tacit knowled-
ge, all of them aspects that act as lubricants in any collabo-
ration. Thus, although some of them usually work from their
home institutions —what happens in the current phase of
data analysis, distance, is not a determining factor for the
successful development of the project.

8. Conclusions

ATLAS is one of the most paradigmatic examples of the lar-
ge scientific experiments that take place nowadays and are
known as big science. Although it is obvious that not all big
experiments work in the same way, we believe that the con-
clusions we extract from this study help to shed light on the
structure and functioning patterns of collaboration of this
kind of experiment.

Based on the findings of this research, it appears that the
collaboration patterns in large scientific experiments slight-
ly differ from other, smaller collaborations. Taking into ac-
count the increasing number of these kinds of projects in
several areas of science and the growing amount of public
funds allocated to them, collaboration in big science deser-
ves a deeper study. That often requires the adoption of new
methodological approaches, since the traditional co-author-
ship analysis is not worth much when articles are signed by
all participants in the project.

In this paper we have studied the case of a representative
big experiment in the field of high-energy physics, the AT-
LAS Collaboration at CERN. ATLAS is, of course, a particu-
lar case and big experiments in this field have features that
differentiate them from those in other fields. However, we
believe that our findings constitute a modest contribution
to knowledge about the nature of modern scientific collabo-

ration. Our results hint at interesting features of big science
that need to be studied in more depth in future research,
taking advantage of new methodological tools, both quan-
titative and qualitative, that will provide us with a deeper
understanding of the nature of collaboration in large scien-
tific experiments.
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Note

1. The energy unit of one TeV (Tera-electron volts) corres-
ponds to the mass-energy of more than a thousand protons
equivalent.
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