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Abstract 

 

Summary of Latin American (LA) scientists´ main contributions to the 

construction of a heavy ion detector assembly currently operating at the Large 

Hadron Collider at CERN, Geneva, Switzerland is given with description of 

the provided support for posterior data analysis. This joint effort highlights the 

much needed recognition of LA as a technologically emerging region. It has 

also shown a net benefit in development of science for our region. Details are 

given on the LHC-ALICE experiment where several LA countries have 

contributed with innovative technological solutions. These include the ability 

to build part of the numerous detectors, including the central barrel as well as 

acquired knowledge on aspects concerning high energy dosimetry and 

radiation damage. 
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1.- INTRODUCTION 

 

Latin America (LA) has been regarded in the past only for its potential to contribute to world 

leading science.  After decades of attempts to get recognition we are, long last, entering a 

new era as an emerging region in both science and technology. No need, in this instance, to 

deluge in explaining reasons and justifications why it took so long; it is a fact. 

 

At the present we have reached  a maturity stage where not only our industry, but also 

scientific achievements and technical skills are of high standards. We are starting to compete 

at the international level with a solid ground to participate  actively in large international 

projects. In the future, it is estimated that the region will further increase its technological 

capacity, provided that policy makers will continue to devote increasing commitment to 

institutional support. 

 

LA collaboration with CERN is growing which is evidenced by the fact that financial 

support invested in research, higher education and mobility for both staff and students is 

increasing. It has already a strong impact on the LA higher education structure, the scientific 

community and certainly in several industrial specialties. The importance of the international 

collaboration has been recognized by several LA countries with well-established nuclear 

activities that recently renovated their links with CERN programs. 

 

The European Center is promoting LA participation and it is considered by many the most 

important initiative that boosts regional research and development. Furthermore, it has a 

strong impact on the younger generation of students, educators and scientists for giving the 

opportunity to learn or train in advanced particle physics experiments, including accelerator 

technology, detector design, high precision mechatronics (engineering systems devoted to 

improve functionality and products adaptability) and mechanical systems. LA-CERN 

relationship opens up access to updated information in science and technology and certainly 

motivates the interest in particle physics. As a comment, certainly the negative view on 

Latin American countries of „islands of competition‟ (Garfield 1995) or the ¨lack of 

equipment sharing or not quoting each other results¨ will be of the past.  
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1.1 Scientific Networks, Associations  and its Regional Impact 

 

The availability of regular and continuous funds for Latin American scientists, technologist 

and students has been so far the most important factor in promoting participation to large 

international projects. It also offered the opportunity to apply locally developed technology 

knowledge and express the regionals innovation capabilities. It is worth to mention the 

protagonistic role played by High-Energy physics Latin-american-European Network 

(HELEN). 

 

We could not agree more with (Maiani 2014) that this initiative enhanced the LA-region 

technological and scientific capability (Gual Soler 2013). Figure 1 shows HELEN-country 

members. From a recent survey (Maiani 2014), a group of 22 universities from the Latin 

American region are actively involved in high-energy physics, related accelerator, particle 

detectors technology and computing skills. Three other countries could be added: Colombia, 

Peru and Venezuela that benefited from the additional HELEN-funds provided to reinforce 

collaboration with  CERN. 

 

Another initiative that had a strong impact comes from the European Particle physics Latin-

American NETwork (EPLANET). Its  main objective is to increase the participation of 

academic staff and graduate students in advanced  research programs at the LHC. 

 

The most active scientific association that promoted the interregional as well as 

intercontinental collaborations is the Latin American Symposium on Nuclear Physics and 

Applications that eventually flourished in the Association of Latin American Nuclear 

Physics and Applications (ALANPA). This resulted from a series of biannual scientific 

meetings since 1995. 
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Fig. 1. HELEN network Latin American Participants with the support from Europeaid (logo on the 

lower left corner) and Alfa  (logo on the lower right corner). CERN courier 2016. 

 

The ALAFNA (2015) main objectives which are effectively centered on nuclear research 

and applications, is to foster collaborations and promotion of activities, to educate the 

scientific community and to perform assessments from time to time of nuclear science in 

Latin America in the context of worldwide activities including high energy physics. 

ALAFNA fosters a floor for proper discussions at a multi-national level and future planning 

of nuclear science an technology including related activities for the benefit of the LA region. 

As an outcome of the above mentioned objectives and initiatives, LA countries listed in Fig. 

1, are involved in different degrees within LHC experiments. 

 

These include highly trained personnel, scientists and engineers working in the CERN inter-

nation environment. Some of them have a permanent job at CERN but the majority are LA-

university staff members. Nevertheless all of them have the opportunity to spread their 

acquired experience and knowledge in their own country. As experience shows, these  

include the opening of PhD programs, new advanced laboratories installations, development 

and local incorporation of technology LHC-program oriented. 
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The earlier mentioned Latin American group, based on the past good experiences, could be 

enlarged by Bolivia,  Ecuador, Costa Rica, and Uruguay. It is also expected that some other 

countries from Latin America and the Caribbean will join soon. 

 

As a consequence of the international scientific collaboration, in the LA region, around 800 

strong  physicists, including graduate students, are actively involved in high-energy particle 

and cosmic physics. Most of them are theoreticians; less than a fifth of the mentioned 

number of professionals are devoted to the CERN LHC experimental aspects, however their 

number is increasing as more PhD students are involved with experiments. From the 

statistical point of view we mention that the group originated from 100 LA institutions 

spread across 12 nations. 

 

Some aspects of LHC achievements are highlighted in the next sections. 

 

 

2.- PHYSICS AT CERN INTERNATIONAL RESEARCH 

CENTER 

 

An important research direction of the CERN International Research Center since its 

foundation was promoting high-energy physics. During the past decades, increasingly larger 

high performance accelerators entered in operation, Figure 2 resumes the most important 

experimental machines such as AD, PS, SPS and the latest LHC with its experimental 

stations ALICE, CMS, LHCb (2015) and ATLAS. 

 

Since its origins, a pressing quest has always been to experimentally confirm elemental 

constituents of matter and time theoretically prediction of particles, being the most recent the 

Higgs boson. This is annotated as the most rewarding finding in the annals of particle 

discovery with other success stories that are expected to include the so-called Petersson-

Torre (Petersson, 2016) Goldstino particle (to be confirmed).   
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Fig. 2. Accelerators that made history at the European Research Center CERN providing an inside 

knowledge of the matter using machines such as Antiproton Decelerator (AD), Proton Synchrotron 

(PS), SPS and the largest one LHC with its experimental stations ALICE, CMS, LHCb and ATLAS. 

Adapted from CERN (2016), (Quigg, 2014).  

 

It has been mentioned that in the near future the LHC could shed light also on the unification 

of forces and it will provide information on gravity's relative weakness. We also expect to 

solve the mystery of unbalanced universe of matter and antimatter (as we observe it). In spite 

of the excellent LHC performance and achievements, there are already technical studies to 

program future experiments even at higher energies driven by the expectation that even 

more exotic physics are hidden in the microcosmic world. It is worth mentioning that 

Mikhail Shifman's super-symmetry theory (Shifman, 2016) is not confirmed so far in p-p 

collisions, meaning that some refinement in our physical model is required. However, the 

beauty quark product of the LHCb-collaboration (2015) and the Higgs boson discovery,  

support conveniently the Model representing the matter structure and existing forces. 

Consequently we may argue that the high-energy particle field is far from being complete. 

ATLAS and CMS experiments are expected to shed light on new phenomenons. While 

others experiments operating with conceptually different detectors e. g. ALICE, LHCb, 

TOTEM and LHCf are open to a wider range of possibilities for LA-LHC collaborations. 

For completeness, we include the MoMEDAL experiment at the LHCb installation, looking 
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for the mysterious ¨magnetic monopole¨ that is still in expectation to be confirmed since 

August 1975. Based on the previous statements, it seems that there is a broad field into 

which the Latin American scientific community has the possibility to further contribute. 

Even to the extent to explore the microcosmic nuclear-world with a conviction that our 

region can contribute to enlarge the universal learning with the latino creativity. 

 

 

3.- PROJECTS BASED ON BILATERAL AGREEMENT 

 

3.1  Data processing: the Brazilian HEPGrid 

 

It is of general knowledge that the LHC generates a large volume of data. So far, a network 

of 150 strong computer centers have been involved. Early experimental results produced by  

LHC 2012 (and those obtained after an upgrade in 2015), put in evidence that further 

improvement is convenient. 

 

Huge data volumes are pouring out of complex detector systems that produce high-rate 

information  during experiments e.g. p-p collision; low value 70 [mb]  inelastic cross-section 

at √s=14 TeV (luminosity of 10
33

 cm
-2 

s
-1 

and high  event rate 6.5×10
8
) induce 40 charged 

particle per ns. With the consequence that reactions  produce signals of any given interaction 

will overlap with those originating in other interactions, inducing the so-called signal pileup 

problem. 

 

The adopted solution at the LHC was to use detectors with high granularity and good time 

resolution. This rose the problem of synchronizing ~10
6
 channels. To cope with these 

difficulties it was necessary to install a faster computer facility. In this particular case, LA 

region had its share, in fact, the Brazilian HEPGrid Supercomputing group gave the largest 

contribution; the machine network installed used the Sampa  chip developed in partnership 

with the Polytechnic University of São Paulo. It provided a transmission rate of 1.4 

terabits/s. Other large contributions to improve data processing reliability came from other 

laboratories as well: Laboratory of Experimental Physics High Energy (Lafex-Brazil), the 
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Brazilian Center for Physics Research (CBPF), the Group Relativistic Heavy Ion (Griper) 

and the Institute of Physics of the University of São Paulo (USP). 

 

3.2 On going projects with LA collaboration 

Latin American groups from the region that are actively involved in research (high-energy 

particle physics) or have trained personnel, as mentioned above, already form an important 

group. In spite of being non-member states of CERN, LA countries have an important task 

inside the LHC program mainly based on co-operation agreements. In Table 1 a list of 

institution are reported indicating their involvement in the LHC programs and its 

experimental stations. 

 

3.3  Acquired experiences, innovation and development   

About 10% of the total Latin American community of physicists, mainly from the so-called 

nuclear countries (Argentina, Brazil and Mexico), are active in high-energy nuclear physics 

in a variety of technological fields with emphasis on  applications oriented towards CERN 

scientific programs (Masperi, 2000). This means that in the region already exists useful 

technologies that may be applied to accelerator construction, including particle detectors and 

software programs. 

 

These are local spin-offs of nuclear energy generation and nuclear technologies originating 

in the LA region and related to  nuclear energy production, medical therapy and diagnostic 

or teranostic (Lecoq 2006), that have been pursued since the atomic energy program started 

back in the fifties.  In fact, with the ¨Atom for Peace¨ program introduced in the nuclear field 

in the sixties, several LA countries initiated the installation first and later opeartion of a 

research reactor (TRIGA) and development in the field of applied nuclear research. 

 

Today, nuclear activity expansion is evident as Argentina, Brazil and Mexico are planing to 

build eight new reactors. Furthermore, other countries such as Chile, Venezuela, Uruguay 

and Bolivia manifested their interest in nuclear power plants having already signed 

cooperation agreements. 
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Table 1. Latin American institutions and research groups in high-energy physics that collaborate in 

the CERN-LHC projects. (CERN, 2016). 

Country  LHC- Collaborating Institution Observation 

Argentina Universidad Nacional de Mar del Plata (UNMP)  Participating in the design and 

modification of power supplies 

Bolivia  Universidad Mayor de San Andres (UMSA)  
"Instituto de Investigaciones Fisicas" (IIF)  

CERN experiments 

 AEGIS and in ALICE-project 

Brazil Laboratory of Experimental Physics High Energy (Lafex-

Brazil);  Brazilian Center for Physics Research ( CBPF ); 

Group Relativistic Heavy Ion (Griper);  Institute of 

Physics of the University of São Paulo (USP). 

ALICE, ATLAS, CMS LHCb 

 

Chile  Universidad Federico Santa María (UFSM) in Valparaiso 

and  Pontificia Universidad Católica de Chile (PUCC) 
ALICE 

Colombia Universidad Antonio Nariño,  

Bogotá; Universidad de los Andes in Bogotá   

ATLAS  

CMS 

Costa Rica Universidad Nacional de Costa Rica Education and training 

programs 

Cuba  Centro de Aplicaciones Tecnológicas y Desarrollo Nuclear 

(CEADEN) 
ALICE  

Ecuador  SENESCYT future member of the CMS 

Mexico  Centro de Investigación y de Estudios Avanzados 

(CINVESTAV);  

Universidad Nacional Autónoma de México (UNAM); 
Universidad Autónoma de Sinaloa (UAS); Culiacán 

Benemérita Universidad Autónoma de Puebla (BUAP); 

Universidad Iberoamericana (México City); 

Universidad Autónoma de San Luis Potosí 

ALICE, CMS, 

Peru Pontificia Universidad Católica de Perú; Universidad San 

Marcos; Universidad Nacional de Ingeneria 

ALICE 

Uruguay Uruguayan Academic Network organizer of a  virtual CERN 

visits via video conference 

Venezuela Universidad de los Andes, Universidad Central; 
Universidad Simon Bolivar 

ALICE in collaboration with 

France and Italy 

 

With time, accelerator technology also reached commercial stage in the region, and shortly 

several applied fields benefited by nuclear technology e. g. medical diagnostics and therapy. 

The latter was boosted by commissioning 177 nuclear teranostics centers in 18 LA countries 

that employ around two thousand radiation therapy technologists. 
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The International Atomic Energy Agency (IAEA) plays a major role promoting through the 

Regional Technical Cooperation Agreement for the Promotion of Nuclear Science and 

Technology in Latin America and the Caribbean Region and the Acuerdo Regional de 

Cooperacion para America Latina (ARCAL proposed by Venezuela and accepted by the 

IAEA) training, equipments and technical support in every possible applied field. These and 

other related activities put in evidence the increasing competence in handling, maintenance 

and repair of complex nuclear equipment. 

 

The nuclear application also boosted development and experience acquisition in such ways 

that cooperation with CERN-LHC could be conveniently initiated and/or intensified. In turn, 

this further boosts research and technology in the LA-region. Furthermore, CERN has in 

agenda the accelerator oriented technology transfer strategy with its partners, often done 

through intensive training programs of high level. Not only LA countries have already the 

possibility to access through the World Wide Web (born at CERN) to updated information, 

it also provides a platform to favor further scientific and technological development. At the 

same time, particle physics impulses also private sector activities that involve companies 

that take part in associated projects having in return improved protocols or technologies. 

 

Certainly, the driving point is that locally developed research is worth its monetary and 

manpower investment which includes the private sector's commercial point of view. Another 

initiative that promotes technological development in the region is the CERN-CLAF 

cooperation. 

 

In this agreement frame, schools of high-energy physics are organized regularly. It first 

started in Brazil 2001 and was later held  in other countries with significant impact on 

experimental particle physics e.g. in manufacturing techniques for new materials, 

microelectronics technology, improved radiation tolerance of components (Gago, 2016, 

2014) including environmental control inside experimental rooms, and high-energy 

dosimetry, among many others. 
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3.4 Benefits of research in particle physics 

History teaches us that after a discovery of  scientific or technological breakthrough, in a 

short time the society has access to it through commercialized industrial products. This can 

well be true also in the case of particle physics as (Imre, 1986) reported. Benefits through 

direct experience are quantified in time rough technical  improvements, industrial innovation 

and commercial competitiveness. 

 

LA as an emergent region is aware that innovation based on science, technology and 

engineering is a key factor for growth and competitiveness. However, government officials 

have to be prepared to take part of  changing times and process updates. In this aspect, it was 

important the opening of the first School for Policymakers in Science, Technology and 

Innovation that laid out a considerable program for future development. It also served to 

strengthen policymakers performance not only in the management, or implementation 

sector, but also in the evaluation of their decisions (CEPAL, 2016). 

 

We expect that the collaboration in LHC, technological development will promote long-term 

technological progress, uniting scientific interest with government and industry agendas. So 

far, the spending on research and development (R&D) for LA-region fell short for the world 

average as Figure 3 shows. The actual average of 0.5% of GDP is expected to increase, we 

also observe that for Brazil this value recently rose to 1.2%, well above the LA average. 

 

The Latin American Symposium on High Energy Physics or SILAFAE is one of the 

regional meetings on particle physics that attract most of the involved researchers. It 

provides a platform for discussion and exchange of new ideas from which new 

collaborations may develop. 
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Fig. 3. Latin America, spending on research and development (R&D) and the private sector 

comparison is shown; world values are squares, LA in diamond and indicated countries 

given by triangle, (from Cepal, 2016). 

 

 

In (Chesta et. al., 2013) is reported the CERN officials interest to identify technologies that 

can be developed for the existing or newly proposed accelerator complex in where several 

LA participants could take part. It has intrinsic importance since a significant number of 

Latin American institutions have research capabilities with potential to be technological 

partners of CERN. LA countries and institutions given in numbers are shown in Figure 4. 

 

Among the different methodologies used to determine the impact of participation in research 

and development programs within the LHC experimental station ALICE, is one based on the 

trend of publications in peer-reviewed scientific journals. The number of scientific papers 

per year related to ALICE experiments shows almost an exponential growth as reported in 

Figure 5. This highlights the importance of the LA-CERN relationship, the maturity in 

science and engineering achieved of the LA region. Additionally, it is certainly a good 

indicator of R&D for this technologically emerging part of the world. 
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Fig. 4. Existing institutions that are participating in bilateral programs with CERN-LHC or 

potentially available for collaboration. Further information on specific activities and 

achieved objectives can be found at: https://greybook.cern.ch/greybook/institute/list. 

 

 

 

 

Fig.5. Tendency of the published papers reporting ALICE experiments results. Numbers 

indicate how many institutions are participating. Adopted from https://twiki.cern.ch/twiki/. 

Bin/view/ALICEpublic/ALICEPublications.  

  

https://twiki.cern.ch/twiki/
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4.- LA-LHC THEORETICAL AND 

TECHNOLOGICAL TIES  

 

Among the first LA countries to establish a stable relationship with CERN,  we mention 

Argentina.  Scientists from the Universidad Nacional del Mar del Plata (UNMP) have 

participated since 1975 in CERN activities. These were related to the design and technical 

improvement of focusing magnets power supplies. Earlier, at least one student (the author) 

from LA, collaborated in the analysis of particle tracks searching for the W-boson back in 

1973. At that time, it was in operation the Gargamelle bubble chamber registering the 

effects of the interaction of neutral current. With time the CERN-LA relationship tightened 

with the ATLAS Collaboration. 

 

Other LA countries also had the opportunity to participate in CERN research activities and 

the LA-group was enlarged by inclusion of institutions from Brazil e.g. UNLP, UNMP and 

UBA through the EPLANET program. One of the oldest LA-countries involved with CERN 

related activities is Mexico. In fact, since 1980 individual physicists have been involved in 

different research programs. Recent agreements with the National Autonomous University 

of Mexico was strengthened by the HELEN and EPLANET programs. 

 

Theoretical physics and engineering has been traditionally an important subject in Chile. 

This country is  one of the Region's most important collaborator in the ATLAS experiments 

and plays an important role for its theoretical contribution. Further, the Linear Collider 

Detector Project at CERN benefited from the Pontificia Universidad Católica de Chile 

participation. Other countries are also participating in the expected new physics derived 

from e+e- TeV-collider to be developed in the near future, as already reported in the agenda 

of CERN. Through the mentioned participation, we may point out that LA-scientists 

contributed to reach (in June 2016) LHC‟s luminosity record at 6.5 TeV,  with a peak over 

8×1033cm
–2

s
–1

; only 20% short of the maximum possible value. Therefore LA scientists 

were instrumental for the LHC performance being above the 2015 annual average i.e. 18 

hours of colliding beams delivered a 370 pb
–1

. 
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4.1 ALICE-experiment  central barrel assembling experience 

 

Among the detector experiments in program at the stations of ATLAS, CMS, TOTEM, 

LHCb, LHCf, MoEDAL and ALICE, the latter benefited most from LA-collaboration.  

Initially, ALICE was centered on practical aspects of the huge 18 detectors assembly that 

had to produce information on the particle mass, velocity and electrical charge e.g. electrons, 

protons, kaons and pions. 

 

The ALICE complex experimental station produced huge volumes of data originating from 

3×10³ reaction fragments at each beam collision. They are identified and their path analyzed 

by a set of detectors surrounding the target area. This task requires a complex detecting 

system consisting of a Silicon Pixel Detector (SPD) positioned in the Inner Tracking System 

(ITS) on an assembly of 240 so-called position sensitive detectors ladders. It is a product of 

a remarkable electronic technology with such a high performance that provides the particle 

characteristic information through ~10 million (50×425 μm2 pixel) cells. These are 

positioned on ten carbon fiber support (see Fig.6 top on the left side picture) of barrel type 

configuration having 60 cm length and a 30 cm diameter. 

 

The device provides the ALICE experiment with a high granularity detector and tracking 

performance for secondary vertex capability. From the mechanical point of view the rack 

had to be assembled with high precision (+/- 1m) since the detector will operate in a 

region where the track density reaches 50 tracks per cm
-2

,  (Fabris et al., 2004). 

 

The mounting procedure of the basic SPD modules (Half-Staves) and the assembly of the 

barrel sectors is described by Moretto et al. (2007). 
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Fig. 6.  Illustration of the Half-Stave assembling process; the ¨strip¨ (shown at the middle on 

the left picture taken by the author) is positioned on the supporting base employing the high 

precision robot arm (on the right picture of the LNL-INFN ALICE group) ALICE (2016).  

See also https://ep-news.web.cern.ch/ph-experiments/alice. 

 

The high precision device using 65 million pixels manages to cope with the technical 

requirements related to the tracking determination of emerging particles from the collision 

with extreme accuracy. Being the closest detecting element near the beam pipe, it is exposed 

to high radiation dose stress derived from heat, ionization and displacement of atoms (dpa). 

Among the elemental constituents, 
28

Si has a dominant disruptor role being the major 

contributor to structural damage due to the large neutron scattering cross section. 

Nevertheless, tests indicate that SPD provides information to reconstruct particle tracking 

and copes successfully with the technical requirements of recording around 10 million 

particles [p cm
-2

 s
-1

]. Furthermore, simulations and tests indicate a ten-year sustained 

performance under experimental conditions. In the SPD system, the particle detecting 

principle is based on ionization; particles interacting with the silicon based pixel leaves part 

of its kinetic energy (above threshold ~3 eV) to  induce electron-hole pairs. In each pixel an 

electric current is generated and the resulting signal passes through a microscopic spot of 

solder using (the so-called bump bonding technique) that amplifies the signal. Although the 

power per detector unit is rather small (50 W ch
-1

), given the high number of channels the 

total power output is relatively high and temperature may rise above its physical 

characteristics. Consequently, pixels are mounted on stainless crushed cylindrical tubes with 
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transversal section of 3.696×0.680 mm² that provide proper cooling. Removing the 

generated heat makes the device more complicated and as a fact, prone to failures. The 

central barrel contains the very complex detecting assembly,  provides data on particle's 

trajectory for charmed decay secondary vertices's together with the identification of charged 

particles with high momentums (100 MeV c
-2

). Through the massive data acquisition 

capacity of ALICE, interested groups can be trained in the data analysis technique. For 

further information on accessing or obtaining experimental data, see ALICE-CERN open 

data website  at http://opendata.cern.ch/about/ALICE. 

 

 

5.- HIGH LEVEL DOSIMETRY (HLD) FOR LHC MACHINE AND 

EXPERIMENTAL STATIONS 

 

Dose monitoring in HDL relies on material science based on physical phenomenology, 

electronic signal processing and engineering skills of high importance in radiation safety. 

These are not limited to the protection of LHC accelerator personnel. One of the relevant 

aspects is related to water cooling circuits that may transport radioactive material: to 

establish radio-protection consequences, Monte-Carlo (MC) code FLUKA (Villaire et al., 

2009) is often employed. However, it is convenient to carry out on the field, measurements 

to corroborate simulation results. Dose monitoring for personnel and radio protection 

equipment are required by law and CERN authorities are committed to execute routine 

monitoring of high level dosimetry in the field. At the ALICE experimental station, 

neutrons, protons and a large family of energetic particles created at each beam collision are 

monitored. Different types of ionizing radiation deposit energy in matter at different rates, 

therefore in order to measure radiation in these extreme conditions, it is necessary to employ 

different type of dosimeter materials. This is mainly due to their properties as well as 

response characteristics. In order to extend dosimeters capability to a broader energy range 

and mixture of LHC-particles environment, (Camanzi et al., 2008) describe different 

dosimeters that are currently employed as well as new ones under study. These are related to 

a variety of particle types and fluency. As an illustrative example, we report in Figure 7 the 

spectral data on the most relevant cases obtained by simulation. 



ISSSD 2016 
September 24 to 28

th
, 2016.  Tuxtla Gutiérrez, Chiapas. México. 

_______________________________________________________________________________________________ 

18 
Proccedings of the ISSSD 2016                                                                                                                                 Vol. 1 

We may discern protons and pions that have similar spectral shape given that the neutron 

spectrum differ substantially, meaning that for neutron dosimetry a specific method should 

be employed. Radiation damage i. e. macroscopic properties modification of materials 

(equipments) is expected from high energy neutrons (E ≥ 0.1 MeV) during LHC 

experiments. The atom displaced from its lattice position by high energy neutron, known as 

Primary Knock-on Atoms or PKA, is related to changes in the macroscopic properties of the 

materials such as mechanical, physical, thermal, electrical among other physical 

possibilities. Even if most of the radiation induced  defects anneal out, long exposure 

reduces matter performance and eventually may lead to disruption of accelerator normal 

functionality.  

 

 

Fig. 7. Simulation results for dosimeters operational environment at LHC. Adapted from 

(Vollaire et al., 2005). 

 

 

For instance, assuming a value of 10 MeV as average energy for neutrons interacting with e. 

g. iron as target matter, the rate of atomic displacement or dpa per neutron collision can be 

determined by the equation (Olander, 1975) 
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where N is the number of target atoms cm
-3

; the displacement cross-section is σd (En ) for 

neutrons with energy En  and (En) is the neutron fluency in function of the energy.  The 

number of atomic displacements ν(E) produced with energies Ed < E < Tmax = Λ En, is 

determined by the following formula, 
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The expression [1] can be written, assuming the Kinchin-Pease model (Olander, 1975) as, 
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In turn, [3] can be rewritten as 

 

d

.

n

E4
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                                                  [4] 

 

In the case of mean neutron energy, lets say, Én =10
-2

 GeV that is interacting with iron nuclei 

(
56

Fe) and considering typical target density of N = 1 × 10
23

 [atoms cm
-2

] with a scattering 
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cross section of σel = 3 b and energy Ed = 24 eV;  neutron fluency of Φ = 10
15

 [neutrons cm
-2

 

s
-1

],  the following values are obtained:  = 0.069; dpa= 0.069 × 1 × 10
7
eV/(4 × 24 eV) = 

4,3 × 10
4
 atomic displacement per neutron collision corresponding to a displacement dpa 

rate of 2.0 × 10⁻⁵ dpa s⁻¹. This result indicates that during one month of experiments, 

neutrons will displace at least once every atom around the target. Therefore a careful planing 

for equipment shielding, repair and/or maintenance must be programmed. 

 

For the exposure case of the other two radiations present, pions and protons, the problem 

could be less important in terms of dpa and more related to the Bragg curve or the specific 

energy loss per unit length. In any case, radiation shielding and monitoring becomes a very 

important issue for LHC  experimental stations functionality. 

 

So far, Thermo Luminescent Dosimeters or TLD's are useful for monitoring absorbed 

particles that leave a dose-value in an interval between 10 μGy and a few mGy. These are 

employed also for thermal neutrons dosimeter based on radiative capture of 
6
Li(n,α)

3
H.  

However, Dye Film Radio Photo Luminescent (RPL) and Alanine dosimeters are regularly 

employed around the LHC setup. Other preferred dosimeters are of PAD-type (Polymer-

Alanine Dosimeters). HLD is an attractive option to determine the dose received in materials 

e. g. electrical wire insulation materials or electronic devices with low radiodurans 

characteristics. 

 

Dose-values provide useful information for preventive maintenance planing (e.g. cable 

replacement) and machine element fault detection. Among the new type dosimeter the 

Hydrogen Pressure Dosimeter (HPD) has an acceptable response as HLD in the range 

between 0.1 Gy and 1 MGy of mixed high-energy radiation fields. On the other hand, in 

High Level Dosimetry further study on new materials and method is required. 

 

We propose the PADC type neutron dosimeter which is considered convenient given its 

neutron detection capability, in particular, the stack shown in Fig. 8 and described by 

(Pálfalvi et al., 2005, 2015). 
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Fig. 8. Track detectors assembly for mixed radiation field (Palfalvi et al., 2015). 

 

This passive device could be advantageously employed as dosimeter for neutron energies 

between 200 keV and 20 MeV, the interval where the LHC neutron spectrum is produced.  

 

 

6.- LATIN AMERICA – CERN: FUTURE SCIENTIFIC AND 

TECHNOLOGICAL PARTNERSHIP PROJECTION 

 

Certainly the LHC can be listed as a ¨big science¨ in the sense of (Weinberg, 1961), and we 

have to take advantage of the extended collaborations and possibilities that are offered for 

LA regional development. 

 

While a long life remains for the Large Hadron Collider –with a series of upgrades to the 

machine and detectors– CERN has set already an important agenda to look further to what 

instruments and exotic technologies will be needed for the Future Circular Collider (FCC) to 

satisfy human curiosity on questions on unknown cosmic matter. It as already started a study 

into the scientific merit of the proposal and practical aspects related to a new underground 

tunnel deep in-rock base (around 100 km long tunnel) and in the energy range of 40 TeV, 

designed to be a great electron-positron and Higgs-boson factory. CERN already a center for 

the world, is engaging with international partners to a greater degree than ever before to 

begin this highly international undertaking. 



ISSSD 2016 
September 24 to 28

th
, 2016.  Tuxtla Gutiérrez, Chiapas. México. 

_______________________________________________________________________________________________ 

22 
Proccedings of the ISSSD 2016                                                                                                                                 Vol. 1 

 

We have reasons to forecast that more opportunities for both academic staff and students 

from non-member states will rise. In this sense, CERN-ATLAS program already has 

launched a comprehensive educational platform to involve at a higher level students and 

teachers on the use of collected data at the LHC. This provides, or at the very least promotes, 

the necessary analytical methodologies and computing tools assimilation. For this purposes 

a large set-up of documentation is provided by the program, so that eventual users can be 

trained with working examples provide directly by the ATLAS dataset. This is a great 

opportunity for hands-on analyses of open data (Salicio Diez, 2016). 

 

Following the 2016 restart with the four largest LHC experiments, the broad programmed 

measurements offer new possibilities for participation in new physics to all LA-research 

group (see https://ep-news.web.cern.ch/ph-experiments/alice), in which individual Latin 

American scientist, research groups or trained personnel could initiate or reinforce 

collaboration and academic activities (Salicio Diez, 2016) including students and teachers 

participation to untangle the particle universe (https://home.cern/students-educators).  

 

 

7.- CONCLUSIONS 

 

We have oriented this work mainly towards the LA-scientist contribution to LHC research 

programs with some details on ALICE detectors and associated experiments, in particular to 

one of the measuring station of the Large Hadron Collider (LHC), the world's largest 

European project under current operation at the CERN, Geneva, Switzerland. ALICE, an 

international collaboration (in which Mexico Brasil and others have actively participated) 

has allowed the construction of a heavy ion detector for studying the nucleus-nucleus 

interactions at energies greater than 5.7 TeV. 

 

ALICE project also provided data on strongly interacting matter at extremely high energy 

densities, wherein the quark-gluon plasma. Experiments provide a possibility to answer 

some of the intriguing questions regarding the standard model. It is noteworthy that for the 
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ALICE experiment, new technologies were developed and required more than a decade to 

complete due to the objective complexity. 

 

A large group of collaborators as well as many technology centered companies from LA-

countries contributed with ideas and expertise. On the other hand, advanced technologies 

have enormously benefited the LA region; this includes electronic integrated circuits, high 

density interconnections of composite structures, super-heavy crystals among many more. 

Most of the LA countries contributions were oriented to ALICE experiments. It was 

highlighted the collaboration of Mexico and Venezuela in the ALICE experiment, 

particularly in the construction of detector parts of the tracking system. 

 

Radiation related dosimetry with passive detectors for neutrons employing PADC is 

convenient for future monitoring on equipment. The CERN LHC-LA relationship gives a 

great opportunity for Latin America to raise to a higher level in its scientific endeavour and 

helps further development in science and engineering fields. The participation in detector 

construction promoted the development and application of new materials, electronic signal 

processing and analysis capabilities. Important international research projects were 

instrumental to implement and test new tools to achieve satisfactory dissemination and 

development of knowledge (Fazio, 2014).  From the side of experimental physics, we 

mention that the Latin American region no only contributed to LHC results but also received 

in return the possibility to grow in the applied fields of advanced technologies and basic 

sciences. 

 

 

REFERENCES 

ALAFNA (2015). www.alafna.net/.  

ALICE (2016). http://opendata.cern.ch/about/ALICE.  

CERN (2016). http://international-relations.web.cern.ch/international-

relations/nms/mexico.html  and https://greybook.cern.ch/greybook/institute/list.  



ISSSD 2016 
September 24 to 28

th
, 2016.  Tuxtla Gutiérrez, Chiapas. México. 

_______________________________________________________________________________________________ 

24 
Proccedings of the ISSSD 2016                                                                                                                                 Vol. 1 

CEPAL (2016). Reunión de la Conferencia de Ciencia, Innovación y Tecnologías de la 

Información y las Comunicaciones de la Comisión Económica para América Latina. 

http://www.cepal.org/en/search?as_q=science%20technology  

Camanzi B; Holmes-Siedle A G. (2008). The race for new radiation monitors. Nature 

Materials 7, 343 - 345 :10.1038/nmat2159  

Chesta E; Department FP; Caspers F; Wuensch W; Bertarelli A; Sgobba S; Stora T; 

Chiggiato P; Taborelli M. (2013) Overview of Cern Technology Transfer Strategy 

And Accelerator-Related Activities. THPWA034 , Proceedings of IPAC2013, 

Shanghai, China. http://inspirehep.net/record/1339074?kb=es.  

Fabris D., et al. (2007). The Silicon Pixel Detector for ALICE Experiment.  AIP Conf. Proc. 

947, 453 (2007).  

Fazio A.R. (2014). Preface to the Proceedings of the X Latin American Symposium of High 

Energy Physics - X SILAFAE. Nuclear and Particle Physics Proceedings 267–269 

(2015) 1–2  

Gago AM. (2016). Personal communication on recent visit to PUCP Lima Peru  

Gago AM; Pilar Hernandez P; Jones-Perez J; Losada M; Moreno Briceno A. (2014). 

Probing the Type I Seesaw Mechanism with Displaced Vertices at the LHC. 

ArXiv:1505.05880.  

Imre DC. (1986). Technological Spin-off from Particle Physics. Phys Technology 2, 17. 

 Lecoq P. (2006). Particle Physics and Medicine: a spin-off story. Ann. Eur. Acad. Sci., 115-

133. www.eurasc.org/annals/docs/Lecoq_TeamR_f.pdf  

LHCb collaboration. (2015). Determination of the quark coupling strength |Vub| using 

baryonic decays. Nature Physics 11,  743–747 doi:10.1038/nphys3415.  

Garfield E. (1995). Quantitative Analysis of the Scientific Literature and its Implications for 

Science Policymaking in Latin America and the Caribbean. Bulletin of PAHO 29 87-

95. http://irisstg.paho.org/xmlui/handle/123456789/26904. 

Gual Soler M; Santaolalla Camino J. (2013). Accelerating science in latinamerica. Available 

on the web: http://latinamericanscience.org/2013/12/accelerating-science-in-latin-

america/  

Maiani L. (2014) Viewpoint: Latin America comes to CERN. CERN Courier May 22, 2014, 

Available on https://home.cren/cern-people/opinion/2014/latin-america-comes-cern.  

http://www.cepal.org/en/search?as_q=science%20technology
http://www.eurasc.org/annals/docs/Lecoq_TeamR_f.pdf
http://latinamericanscience.org/2013/12/accelerating-science-in-latin-america/
http://latinamericanscience.org/2013/12/accelerating-science-in-latin-america/


ISSSD 2016 
September 24 to 28

th
, 2016.  Tuxtla Gutiérrez, Chiapas. México. 

_______________________________________________________________________________________________ 

25 
Proccedings of the ISSSD 2016                                                                                                                                 Vol. 1 

Masperi L. (2000). Survey of High-Energy Physics in Latin America. PoS, 022. 

pos.sissa.it/archive/conferences/005/022/silafae-III_022.pdf  

Moretto S. (2007). ALICE SPD Collaboration. (2007). AIP Conf. Proc. 884, 390 

Olander DR. (1975). Radiation Damage. Available on: 

www4.ncsu.edu/~murty/NE509/NOTES/Ch3-RadiationDamage.pdf  

Petersson C; Torre R. (2016). 750 GeV Diphoton Excess from the Goldstino Superpartner, 

Physical Review Letters (2016) 116, 151804.  

Pálfalvi JK; Szabó J; Akatov Yu; Sajó-Bohus L; Eördögh I. (2005). Cosmic ray studies on 

the ISS using SSNTD, BRADOS projects. 2001–2003. Radiation Measurements 40  

428 – 432  

Pálfalvi J; Sajó-Bohus L. (2015). Cosmic Radiation Detection by Solid State Nuclear Track 

Detector Technique. Solid State Phenomena 238, 16-54. Trans Tech Publications, 

Switzerland, doi:10.4028/www.scientific.net/SSP.238.16 

Quigg Ch. (2014). CERN – Six Decades of Science, Innovation, Cooperation, and 

Inspiration. APS News. August/September, Vol.23, No. 8. https://www.aps.org/publi 

          cations/apsnews/201409/backpage.cfm.  

Salicio Diez J. (2016). International Relations available on: web.cern.ch 

Shifman M. (2016). https://en.wikipedia.org/wiki/Mikhail_Shifman. 

Vollaire J., et al. (2006). Calculation of water activation for the LHC." Nuclear Instruments 

and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors 

and Associated Equipment 562.2  976-980. 

Weinberg AM. (1961) Impact of Large-Scale Science on the United States. Science. 134, 

3473.  

  


