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1.

ABOUT PARTICLE
AND ASTROPARTICLE
PHYSICS AT CIEMAT

1.1. BRIEF HISTORY
CIEMAT is the largest Spanish Public Research
Organization in the field of energy and environment.
Since its creation in 1951, CIEMAT has played an
important role in the development of technologies
associated initially to the field of nuclear fission and,
later on, in other sectors such as thermonuclear
fusion, and renewable energies. All these activities
have required training scientists, engineers and
technicians in many advanced technologies, as well as
the implementation of a diversified set of facilities and
infrastructures, (including mechanical and electronic
workshops, assembly halls, metrology labs, computing
infrastructure, etc.). Nowadays, CIEMAT employs
about 1,400 people and has established itself as a
reference center not only in the energy field, but also
in some specific fields of basic research, one of them
being Experimental Particle Physics. A small group
of researchers, in the Basic Research Department,
working on bubble chamber physics, during the 1960s,
was the seed of what today is called the CIEMAT Unit
of Particle Physics (CIEMAT-Física de Particulas, or
simply CIEMAT-FP), which recently got the distinction
of Unit of Excellence María de Maeztu.
It is relevant to emphasize that CIEMAT has played a
fundamental role in the development of Experimental
High Energy Physics in our country. In fact, the earliest
activities in this scientific discipline in Spain started
at CIEMAT, in the late 1960s. As already mentioned,
scientists from CIEMAT were at the origin of the first
collaborations with CERN groups, initially in bubble
chamber experiments, later on in other CERN facilities
like the EHS, the European Hybrid Spectrometer.
By the mid-1980s the CIEMAT group had reached
an international recognition, and started a period of

participation in first class experiments in the High Energy
frontier, such as UA1 at CERN (under the leadership of
C. Rubbia, 1984 Nobel Prize of Physics), and MARK-J
at DESY (under the leadership of S.C.C. Ting, 1976
Nobel Prize of Physics). This successful collaboration
continued with the CERN L3 experiment at LEP (Large
Electron Positron).
As a result of all these activities, a group of excellent
young researchers in experimental particle physics got
trained and quite a few of them became key persons
with leading roles in all other experimental groups in
Spain (namely IFAE in Barcelona, IFIC in Valencia, UAM
in Madrid, IFCA in Santander, UB in Barcelona, IFGAE
in Santiago de Compostela, etc).
Moreover, CIEMAT-FP was paramount in bringing back
Spain to CERN in 1983, and in the design of a Steering
Plan (“Plan Movilizador”) to promote Particle Physics
and profit from the CERN membership. Scientists from
CIEMAT have held key responsibilities as members of
the Spanish delegation at the CERN Council, Finance
and Scientific Committees, in the management of
the National Program for Particle Physics, and in the
launching and management of CPAN (Centro Nacional
de Física de Partículas, Astropartículas y Nuclear)
Consolider Project, which started in 2008. CIEMAT-FP
is in fact the central core of the activities at CIEMAT in
all the areas of research covered by CPAN.
The outstanding records achieved during the last
twenty years are due to the CIEMAT-FP participation
in large international projects related to research in
experimental particle and astroparticle physics, namely:
- In experimental particle physics, L3 at LEP (CERN),
CDF at the Tevatron in Fermilab (USA), CMS at the
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LHC (Large Hadron Collider at CERN), Double Chooz
at the Chooz nuclear power plant (France) and ArDM
at the LSC (Underground Laboratory of Canfranc,
Spain).
- In experimental astroparticle physics, AMS at the
ISS, DES at Cerro Tololo Inter-American Observatory
(CTIO, Chile), PAU at the Observatory of Roque de
los Muchachos (ORM, La Palma), and MAGIC and
CTA also at ORM.
CIEMAT-FP has also played a leadership role in the
adoption in Spain of high throughput and distributed
computing techniques in the particle physics field. In
collaboration with IFAE, we established in 2003 the
Puerto de Información Científica (PIC) in Barcelona,
a science and technology center of excellence
to support scientific projects with data-intensive
processing requirements. PIC leads since then the
Spanish participation in the distributed computing
infrastructure for LHC, the Worldwide LHC Computing
Grid (WLCG).
A general rule in all our projects is that research
takes place in the frame of big international
collaborations in a highly competitive environment,
at the forefront of physics and technology. CIEMATFP profits of belonging to a technological center,
unique in its kind, with skilled technical manpower

and advanced infrastructures, which allows us to
contribute significantly to the design, prototyping,
and construction of hardware and instrumentation
for Big Science projects. The multidisciplinary nature
of CIEMAT provides additional assets, always useful
when facing new projects.
CIEMAT-FP members have always had outstanding
positions and responsibilities in the experiments
endorsed by the Unit, such as for example Physics
Coordinator in CMS, or Deputy Spokesperson in AMS,
among others. This should be regarded not only as
a proof of individual scientific excellence, but also as
recognition to the quality of CIEMAT-FP contributions
to the field.
CIEMAT is seen at CERN as the National Laboratory
in Spain in the field of High Energy Physics. As such,
CIEMAT had an active participation in the preparation
in 2006 of the European Strategy of High Energy
Physics, and during its update in 2012-2013.
The features previously mentioned make CIEMAT-FP a
unique group in Experimental Particle Physics, with an
outstanding trajectory spanning over many years. Our
aim is to probe the limits of the current understanding of
fundamental physics by building, operating and analyzing
the data from state-of-the-art instruments with the use of
varied approaches and tools.

1.2. PRESENT STRUCTURE
Within the CIEMAT structure, the CIEMAT-FP Unit
belongs to the Basic Research Department. It consists
of the Experimental High Energy Physics division,
the Astroparticle Physics division and the Scientific
Computing group, which takes care of providing
support, expertise and infrastructure to all the research
lines in the Unit.
CIEMAT-FP conducts a well-balanced scientific program
comprising the following research lines:
• Hadron Collider Physics at the Energy Frontier with the
CMS experiment at the LHC.
• Neutrino oscillation Physics with the Double Chooz
(France), WA105/protoDUNE-DP (CERN) and DUNE
(Fermilab) experiments, and direct search for dark
matter with the ArDM experiment at the Canfranc
underground laboratory (LSC) and DarkSide at Gran
Sasso (LNGS).
• Cosmic-ray Physics with the AMS experiment at the
ISS, and very-high energy gamma-ray Astronomy with

the Cherenkov Telescope Array (CTA) at Observatorio
del Roque de los Muchachos (ORM).
• Dark energy studies with DES at Cerro Tololo (Chile)
and PAU at ORM building extensive galaxy surveys,
and Galaxy evolution studying the role of high energy
processes in the context of the Starbursts (Estallidos)
project.
• Detector R&D for the development of muon detectors,
and highly segmented calorimeters for future particle
colliders (HL-LHC, ILC, CLIC) and space applications,
in the context of CMS, CALICE and CaloCube. In
addition R&D activities on liquid argon technology are
being conducted.
• Data-intensive high throughput computing at the
Worldwide LHC Computing Grid (WLCG). Development
of advanced computing techniques, integration and
utilization of distributed and highly parallel computing
technologies, providing the infrastructure and support
for the processing and analysis of large and complex
datasets.
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CIEMAT-FP has unique capabilities in Spain, e.g. a
cryogenic lab, a clean room, computing and data
centers, and mechanical and electronic workshops. In
addition, due to its participation in large experiments,
it has access to special infrastructures which are
available in international laboratories, such as CERN,
Fermilab, Observatorio del Roque de Los Muchachos,
Cerro Tololo Interamerican Observatory, Kitt Peak
National Observatory and the International Space
Station.
Figure 1.2.1 shows the composition of the human
resources in our Unit by personnel type, i.e. research
staff, scientific postdocs, PhD students, engineers,
technicians and administration. At the end of 2017,
our Unit comprised 89 people (48 Ph.D.) with the
addition of 8 collaborators from the technology
department at CIEMAT. Figure 1.2.2 shows the
distribution of our personnel, as of end 2017, among
the research lines of our Unit. Details about who is

89 Total personnel (end 2017), 44 Permanent, 48 PhDs

Figure 1.2.1: CIEMAT-FP Unit personnel by type

involved in each research line are given in section 3,
including the collaborators (identified as coll.).

Figure 1.2.2: Personnel (end 2017) in the research lines of the CIEMAT-FP Unit
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2.

MARÍA DE MAEZTU UNIT
OF EXCELLENCE AWARD

The CIEMAT-FP Unit was recognized in 2015 with the María de Maeztu Unit of Excellence
(MdM-CFP) accreditation by the Spanish Ministry of Economy and Competitiveness
(MDM-2015-0509). This accreditation distinguishes the best research groups that
stand out for the relevance and impact of their research outcomes at an international
level, significantly contributing to expand the frontiers of knowledge, as well as to the
leadership of Spanish science.
The MdM accreditation lasts for a period of 4 years, from the 1st January 2016 to 31st
December 2019, and it is renewable. The total funding granted by the Spanish Ministry
of Economy and Competitiveness is 2M€ and should be used to develop and carry out
the scientific program included in the submitted proposal. In addition to this funding,
the MdM includes a set of 12 PhD student grants (4 years/grant). These grants constitute
a very important source of human resources to develop the projects.

2.1 SCIENTIFIC GOALS
The scientific and strategic goals for the period 20162019, proposed in the scientific program submitted to
the Spanish Ministry of Economy and Competitiveness,
are summarized in this section:
• Hadron Colliders
Physics analysis activities using the CMS data collected
during the LHC Run 2 are a central objective. Three
distinct research lines are being followed:
1. Search for physics beyond the Standard Model,
mainly concentrated in models predicting new
particles or new effects at the highest masses and
scales.
2. Higgs studies to take advantage of the high statistics
expected to be collected during LHC Run 2 data
taking period.
3. Precision studies of the Standard Model.
Given our visible and relevant contributions to the
CMS muon detector construction in the past, and
the very important responsibilities we have now in the
management of the muon drift tube (DT) chambers
project, a participation of our group in the detector
upgrade follows naturally. Therefore, an additional goal
will be:

4. To carry out all the activities required to prepare the
path for the replacement of the DT detector readout
and trigger electronics. This is a must in order to
be able to operate the detector in the future high
luminosity LHC phase conditions (CMS Phase II
upgrade).
• Neutrino Physics and Direct Dark Matter
Searches
For the Neutrino Physics research line, the main goals
are:
1. To provide the final high precision measurement of the
θ13 mixing angle with the Double Chooz experiment.
2. To install and operate the protoDUNE-DP 6x6x6 m3
dual-phase liquid argon TPC at the CERN Neutrino
Platform to demonstrate the technology at large mass.
3. To contribute to the design and optimization of the
DUNE long-baseline neutrino experiment.
The main goals for the Direct Dark Matter Searches
research line are:
1. To contribute to the design and construction of the
DarkSide 20k detector.
2. To complete the assay campaign for the investigation
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of the radiopure materials needed by the DarkSide
20k experiment.
3. To measure the traces of radioactive contaminants
in underground argon with a low background facility
at LSC.
• Cosmic and Gamma Rays Physics
For the AMS experiment, activities in data analysis for
the period 2016-2019 are focused on:
1. Optimizing the current analysis to extend the range
of the positron fraction measurement.
2. Providing precise measurements to reduce the
uncertainties on the astrophysics backgrounds.
3. Extending the anisotropy studies for individual
cosmic ray elements.
4. Constraining the propagation models by means of
the newest AMS measurements.
A second activity of this research line is to define and
develop the next generation of cosmic ray detectors
in space. The low flux of high-energy leptons prevents
reaching energies beyond the TeV range with the
current experiments in spite of their long exposure
time. However, physics candidates providing exotic
contributions to primary electrons and positrons are
expected to show distinctive features in the TeV range.
This activity is the natural extension of the research line
opened more than 15 years ago with the participation
in AMS and connects with the existing high energy
gamma rays program in CTA.
For the CTA experiment, global objectives are threefold:
1. Deploy and commission the first Large Size
Telescope in the CTA-North site in La Palma.
2. Prepare and start the industry for the production of
elements under CIEMAT responsibility required to
develop CTA towards its full layout in both North and
South sites.
3. Prepare the scientific exploitation of the full CTA
facility and the early available data.
• Observational Cosmology
The aim of this research line is to study the physics
of the early Universe and the origin of primordial
fluctuations, as well as understand cosmic evolution
with large galaxy surveys. More specifically, we want:
1. To carry out the scientific exploitation of the DES
data.
2. To start and develop the scientific exploitation of the
PAU survey.
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3. To continue with all the responsibilities within the DES
and PAU surveys. In addition, we are planning to
explore the possibility of participation in future, larger
and more sensitive galaxy surveys, in particular,
DESI, LSST and EUCLID.
4. To continue with studies about massive star
formation and its role in the data interpretation.
• Detector R&D
The main tasks to undertake in this research line are:
1. Activities in CALICE will continue with test beam
studies of SDHCAL prototype and mechanical and
electronics R&D for larger detectors, mainly linked to
the future of the ILC project.
2. Within the CMS DT project, replacement of part of
the electronics with cutting-edge technology in the
next two years. For the HL-LHC, (>2025), different
activities profiting from CERN irradiation facilities are
taking place in order to study DT behavior at higher
radiation doses and increased occupancy. Aging
and radiation issues will force to redesign a large
fraction of the DT electronics.
3. Development of isotropic calorimeters for space
applications
with
geometrical
acceptances
exceeding by a factor 10 those of current devices.
4. Developing novel low-background detectors and
techniques, also based on radiopure argon, for the
future Dark Matter and neutrino experiments.
• Scientific Computing
Within the computing group, the main tasks and
objectives are:
1. Within the LHC Run 2, scale up and upgrade the
computing infrastructure in order to cope with the
increased data volume and complexity.
2. Contribute to the evolution of the LHC computing
models to face the challenges posed by the HLLHC phase, where it is planned to increase by an
order of magnitude the data volume produced by
the detectors.
3. Evolve and adapt our computing infrastructure in
order to support the new generation of Astroparticle
Physics and cosmology experiments, such as CTA.
4. Apply new computational methods such as deep
learning to the reconstruction and analysis of data
collected by the experiments and develop and
adapt the code to new massively parallel hardware
platforms such as GPUs.
The MdM distinction is a considerable help for the
CIEMAT-FP Unit to carry out the above mentioned
tasks and to achieve these goals. It is also playing a
key role in the consolidation of our research teams,
which were suffering from insufficient financial support
of public science in Spain.
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2.2 MANAGEMENT AND
ORGANIZATION
For the management of the MdM project, a Management
Board (MB) has been established (see Figure 2.2.1).
The MB is composed by the MdM scientific director (Dr.
Colino) and eight members representing the research
lines described in the previous section.
A project officer has been hired to coordinate the
administrative activities of the Unit, relationships with
the Ministry and other external organizations, and
seeking for additional funds.
The current organization chart of our Unit, including the
MB composition, research lines and working groups, is
shown in Figure 2.2.1.
The MB meets every two weeks in order to review
the project status and to give advice to the scientific
director about the planning, and actions to be taken to
carry out the project approved by the Spanish ministry.
The minutes of the MB meetings are distributed among
all members of our Unit to keep them informed about
the progress of the MdM-CFP project.
Furthermore, every year two general meetings, open to
the whole Unit, from PhD students to researchers, are
held in order to summarize the achievements, as well
as to present next objectives and tasks.
One of the early decisions of the MB was that an
External Scientific Advisory Committee should
be appointed with the mandate of monitoring the
progress in the programme of the project and to make

Figure 2.2.1: MdM-CFP organization.

recommendations, as established in the Strategic
Research Plan. The External Scientific Advisory
Committee is composed by Prof. A. Pich (IFIC Valencia),
acting as chairman, Prof. P. Caraveo (IASF Milan), Prof.
M. Cavalli-Sforza (IFAE Barcelona), Prof. B. Fleming
(Yale University New Haven), Prof. J. Mnich (DESY
Hamburg), and Prof. A. Zoccoli (Universitá di Bologna).
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2.3 WORKING GROUPS
In addition to the purely scientific research lines
described in the previous section, and within the
framework of the MdM project, our Unit has established
four working groups to address specific goals: training
& education, outreach, equal opportunities, and
knowledge and technology transfer working groups.
The scope and objectives of these working groups are
described in the following paragraphs. A summary of
the main activities performed within the groups in 20162017 has been included in Section 4 and more detailed
information of Training & Education and Outreach
working groups are collected in section 5.
Training & Education working group
The CIEMAT-FP Unit has a long record of training
activities. The MdM distinction has allowed us to
continue and reinforce some of them and to implement
new ones. We believe that CIEMAT-FP Unit has to be
actively involved in all stages of a researcher education,
from the undergraduate level and Msc. studies to
Ph.D. students and post-doctoral training. To achieve
this goal we keep a close collaboration with the two
main universities in Madrid, Universidad Autónoma
de Madrid (UAM) and Universidad Complutense de
Madrid (UCM), including both undergraduate and
postgraduate levels.
Outreach working group
There has also been a long tradition in our group
concerning outreach activities. The MdM excellence
distinction has effectively contributed to strengthen and
increase the number of CIEMAT-FP activities related to
science promotion.
Our outreach strategy focuses on two well defined
action lines: the high school education community and
the general public.

Equal Opportunities working group
The implementation of a gender action plan was one of
the requirements in the MdM proposal. We decided to
set up a specific working group to address this issue
since the reduction of gender inequalities, by promoting
equal opportunities for men and women, is a core
commitment of the CIEMAT-FP Unit. The aim of this
group is to establish the necessary actions to narrow
the gender gap and to remedy the under-representation
of women in the decision-making bodies and high-level
positions. Work must be done in trying to understand
how to reduce the gender gap, identifying impediments
and suggesting measures to overcome them. Well
defined targets were established to work along specific
lines, for example, we committed ourselves to keep
the ratio of women in new recruitments funded by this
program to at least a 30%.
Knowledge and technology transfer working group
The application of the technology developed in
accelerator and particle detectors to medical physics
or the Worldwide Web, developed at CERN, are typical
examples proving that basic research in particle physics
provides sooner or later quantitative benefits towards
society.
Currently, the knowledge and technology transfer
activities of our Unit encompass four main lines: the
registration of patents arising from our research, the
development of the Open Hardware License (OHL)
initiative for electronics design, the industrial transfer
of specific electronic and mechanical designs and the
development of special instrumentation for eventual
medical use.
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2.4 IMPACT OF THE MdM
ACCREDITATION
The scientific activities during the first two years (20162017) of the MdM-CFP project have been executed
according to our 2016-2019 strategic plan. The MdM
Unit of Excellence accreditation has allowed us to
significantly improve our research activities. We have
been able to hire new researchers, PhD students,
engineers and technicians, and had the opportunity
to enhance our laboratory infrastructure. Furthermore,
training and outreach activities have been reinforced
together with knowledge transfer activities. All these
actions have been undertaken trying to reduce the
existing gender gap.
The research activities of our Unit are mainly financed
through competitive projects from the national research
funding agency (Agencia Estatal de Investigación, AEI).
During the 2016-2017 period, 14 projects funded
by AEI have been running (typically of 2 or 3 years
duration) as well as one H2020 project funded by the
European Union. The funding obtained from these
projects amounts on average to 2.1 M€ per year. The
funds are used to run the projects, trying to retain
valuable temporary personnel and, when possible, to
hire new researchers.
The MdM accreditation provides an additional yearly
funding of 500 k€. According to the MdM call, nearly
two thirds of the funding must be used for personnel
hiring. The remaining funds are used to satisfy
institutional overheads (17%), acquisition of equipment,
travel expenses, etc. (20%).
The MdM MB has carefully evaluated the personnel
needs of the various research lines. In 2016, we have
hired with MdM funds 4 post-doctoral researchers
to reinforce our scientific activities. Some of the
experiments in which we collaborate are now in the
construction phase of prototypes or new detectors,
and as a consequence the corresponding research
lines have an increased need of specialized personnel.
To address this necessity, we have increased our
electronic and mechanical engineering teams with
2 engineers and 2 technicians. Finally, the additional
administrative tasks associated to the MdM
accreditation required the incorporation of a head of
administrative office.
Throughout 2017, after the aforementioned hiring
processes had been completed, or at least all
candidates had been identified, the needs of all
projects were reevaluated. As a result, a new call with

2 contracts for post-doctoral researchers, 1 computer
science engineer, 1 electronics engineer, and 1
electronics technician was launched. This second
hiring process extended until 2018.
In addition to the global MdM funds (2 M€ for a period
of four years), the MdM distinction provides additional
funding for a total of 12 PhD contracts in 4 consecutive
annual calls starting from 2016. Additional sources
of funding for PhD students in our Unit come from
the competitive projects from the AEI and the PhD
contracts that CIEMAT regularly assigns to our Unit. In
total, we have offered 7 pre-doctoral contracts in 2016
and 5 in 2017 (8 of them funded by MdM). Prior to
the MdM distinction, the total number of PhD students
joining every year our Unit was typically 3. Hence, this
number has doubled in the last 2 years thanks to the
MdM contribution.
As established in our strategic plan for 2016-2019, it
is a priority to increase the number of good candidates
to undertake their PhD in our Unit, which has been
traditionally scarce. The supervision of their Master
Theses (TFM) is an excellent opportunity to optimize the
access to the best undergraduate students. The MdM
funds have permitted us to put in place a program of
grants in order to perform Master theses in our Unit,
thus increasing our contact with outstanding students.
During 2017, 5 of such grants were offered obtaining
excellent results. Many candidates applied and finally 7
carried out their TFM in our Unit (2 even without grant).
The number of supervised TFMs has increased thanks
to this initiative from 3 in 2016 to 9 in 2017.
The MB has also evaluated the needs of specialized
equipment, primarily taking into account the general
value and utility of the equipment for the projects in
the Unit. Photogrammetry, electronic, vacuum and
cryogenic equipment have been purchased with MdM
funds.
The funds of the MdM have also been used to
intensify the participation of members of our Unit in
international conferences to present scientific results,
undertake outreach activities, conduct seminars, and
other miscellaneous activities. The training of students
through their attendance to national or international
schools has been traditionally limited due to the lack of
specific funding. With the additional funds from MdM
accreditation, our PhD students have been able to
attend several training courses and schools.
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In addition, profiting from the prestige of the MdM
accreditation, new funding resources have been
explored with the application to other competitive
calls, such as the Spanish youth employment plan
(“Plan de Garantía Juvenil”) or from the Comunidad de
Madrid regional government, the “Ramón y Cajal”, and
“Juan de la Cierva” national program to incorporate
outstanding researchers, the “Atracción de Talento
de la Comunidad de Madrid” initiative, or with the
fellowship programs of private or public foundations.
On the basis of these additional resources, 7 new
positions have been funded: 1 postdoctoral researcher,
1 pre-doctoral student, 1 engineer, 1 computer
technician have already started their contracts, and
3 more candidates (2 postdoctoral researchers and 1
technician) are either in the selection process or about
to start.
Since October 2017, all the Spanish centers of
Excellence (Severo Ochoa and Maria de Maeztu) are
committed to reach a new level of cooperation with the
creation of the SOMMa alliance (http://somma.es/).
This association is aimed at increasing the national

Figure 2.4.1: The distribution of personnel according to
the funding source.

and international profile of science in Spain, promoting
the exchange of knowledge, and having a voice in the
Spanish and European science policy. Our membership
in this alliance gives us an extra visibility in the scientific
forums.
Figure 2.4.1 shows the distribution of personnel
according to the funding source, including the MdM
personnel hired in 2018 (from the second 2017 call).
The MdM project has provided funding for about 40
% of the current fixed-term personnel. We depict in
Figure 2.4.2 the distribution in the research lines of the
personnel hired with MdM funds.
The overall impact of the MdM accreditation to the
specific research activities of the CIEMAT-FP Unit
is described in detail in section 3, while the detailed
accounting of scientific results is collected in the
Annexes 5.3 and 5.4. The training and education,
outreach, equal opportunities, and technology transfer
activities are described in section 4, and the complete
list of activities is shown in the Annexes 5.5, 5.6 and
5.7.
As a summary of our scientific indicators for these 2
years, 380 scientific papers have been published, 80
scientific results have been presented in international
conferences, 6 PhD theses have been successfully
defended, and 12 master theses have been supervised.
The MdM accreditation and funding has represented
an important thrust in the scientific activities of our Unit.

Figure 2.4.2: Personnel hired in the research lines with
MdM funds.

Scientific indicators

Number of
indexed journal
articles

% articles in first
quartile journals

PhD theses:

Average journal
impact factor (IF)

Presentations at
international
conferences:
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3.

SCIENTIFIC
ACTIVITIES
3.1. HADRON COLLIDERS

The LHC at CERN is nowadays the most important hadron collider in operation, leading
the particle physics research in the high energy frontier. CIEMAT has been, since the
very beginning of this project, a member of CMS, one of the two main LHC experiments.
Our group has made a major contribution to the construction of the Muon Detector and
is presently very active in the physics analysis program.
Research staff

J. Alcaraz, M. Cerrada, N. Colino, B. de la Cruz, C. Fernández-Bedoya, J. P. Fernández,
A. Ferrando, J. Flix, M. C. Fouz, O. González, J. M. Hernández, I. Josa, I. Redondo,
L. Romero

Scientific Postdocs J. Brochero, S. Goy, D. A. Morán, A. M. Pérez-Calero, J. Puerta, M. Senghi, A. Triossi
PhD Students

A. Álvarez, I. Bachiller, M. Barrio, S. Sánchez Navas

Engineers

E. Calvo, J. M. Cela (coll.), A. Delgado, A. Navarro, D. Redondo, J. Sastre (coll.)

Technicians

C. Blanco, J. García, D. Francia (coll.), J. J. Martínez, J. C. Puras, F. J. Yáñez

3.1.1 HADRON COLLIDERS.
SCIENTIFIC GOALS
The LHC currently provides proton-proton collisions
at 13 TeV center-of-mass energy, giving a unique
opportunity to reveal and understand the origin of the
electroweak symmetry mechanism, and explore a new
energy scale, where exciting possibilities beyond the
Standard Model - supersymmetry, compositeness,
low-scale gravity - could manifest for the first time.
ATLAS and CMS are the two “multipurpose” detectors
at the LHC that will look for new physics at the TeV
scale. A first milestone was reached in July 4 2012,
when the discovery of a new particle with properties
consistent with the Higgs boson was announced by
the ATLAS and CMS collaborations.
Besides the discovery of a Higgs boson, the CMS
collaboration has produced a vast amount of first class
physics results. It has excluded the presence of new
particles and interactions up to the largest available
masses and energies, observed very rare processes
with deep physics implications like the decay of BS
mesons into muon pairs, studied for the first time the

physics of the top quark to the few percent precision
level, and improved significantly our understanding of
electroweak and strong interactions. CMS has also
revealed many properties of the behavior of quarkgluon collective states at the highest densities and
energies via a dedicated heavy ion physics program.
The LHC program for the coming years is fully defined,
with the aim of collecting a total integrated luminosity
of about 300 fb-1 by the end of the so-called Run
3 (2021-2023). A significant upgrade of both the
accelerator and the detectors later on will mark the
start of the high-luminosity LHC program, aiming for a
total integrated luminosity of at least 3000 fb-1 after ~10
years of running.
There is plenty of physics left to be studied as the
collected statistics grow. Taking the projections in the
studies of the SM Higgs boson as an example, with
the data collected in Run 3, it is expected to reach a
precision of 10-15% in the measurement of the Higgs
boson signal strength in the main decay modes. An
improvement of a factor of 2 to 3 can be obtained
with 3 ab-1. Concerning the measurement of the Higgs
boson couplings, an ultimate precision of 10-20%,
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or 5-10%, can be expected in HL-LHC, depending
on the improvements in the control of the systematic
uncertainties. Observation of some rare decay modes
of the Higgs boson, like H→μμ, will only be possible
in the HL-LHC phase. A precision of 10-15% in the
measurement of the Higgs coupling to muons may be
attained. Ultimately, the HL-LHC phase will be crucial
to test the validity of the Higgs mechanism to control
vector Boson Scattering at increasing energies.

3.1.2 HISTORICAL
BACKGROUND AND
CURRENT STATUS
The LHC physics program started in 2009. Collisions
were produced at a center-of-mass energy of 7 TeV
in 2010-2011 and continued at 8 TeV in 2012, with
steadily increasing luminosities.
The LHC is currently running at a higher center-ofmass energy of 13 TeV, and progressively increasing
its instantaneous luminosity since 2015. It achieved
in 2017 values up to a factor 1.7 its nominal design,
which was 1034 cm-2s-1.
CIEMAT is participating in the CMS-LHC project since
its conception. CIEMAT individuals signed the CMS
Letter of Intent in 1992 (CERN document CERN/LHCC
92-3). This initial effort continued with the involvement
in several projects of the CERN R+D program, which
converged in the integration of the CIEMAT group in
the CMS Muon Detector project and the signature of
the CMS Technical Proposal (1994, CERN document
CERN-LHCC-94-38). CIEMAT was responsible of a
substantial fraction of the Barrel Muon detector (or
Drift Tubes detector (DT)). Out of the 250 DT chambers
in the CMS muon system, 70 of them were built
and tested at CIEMAT. This involved the design and
technical construction of the chambers, and its readout
electronics (1500 Read Out Boards, 250 Minicrates,
60 Read Out Servers and 60 Sector Collector Crates),
as well as the
installation, commissioning and
operation of the detector at CERN. CIEMAT, together
with IFCA (Instituto de Física de Cantabria), took also
the responsibility of the Muon Link Alignment system.
This leading role in the Barrel Muon project is still
maintained and will continue beyond the first phase of
the LHC program.
An upgrade program of the CMS detector has been
designed to accommodate to the LHC plans for
increasing its luminosity during the so called, Long
Shutdowns (LS). The first stop (LS1) took place in 20132014 and, besides an increase of the luminosity; it also
allowed to increase the center of mass energy from
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8 to 13 TeV, which is the default value during present
Run II data taking period. During LS2 (2019-2020), the
injector chain will be improved to deliver much higher
instantaneous luminosities, and will allow to reach a
factor 2 of the nominal design value (2x1034cm-2s-1).
Finally, in LS3 (2023-2025), further optimizations in
the beam interacting region will lead to a new regime,
the so called HL-LHC (High Luminosity LHC), with
instantaneous luminosities of 5 to 7x1034cm-2s-1, and a
factor 10 in total integrated luminosity (3000 fb-1).
CIEMAT’s participation to the CMS upgrade builds
upon the contribution from the group to the Drift Tube
(DT) chambers and the DT readout electronics design
and production. Members of the CIEMAT group have
held the position of DT Electronics Coordinator and
later on, when the upgrade project was defined, DT
Upgrade Coordinators. Therefore, our contribution
is focused within the muon detector and follows a
coherent program that started already in 2010, when
appropriate system performance and risk analysis
was done to establish an action plan throughout the
LHC lifetime. The first step of this upgrade program
was the so-called “Sector Collector (SC) Relocation”
which took place in LS1 (2013-2014). Thanks to the
improvement in performance versus cost of the optical
fiber technologies, it consisted in bringing to the control
room the second level of trigger and readout electronics
which were considered a potential single point of
failure with significant impact on muon detection and
reconstruction in case of malfunctioning. The system
has operated satisfactorily during Run II (2015-2018).
More details will be given later.
In addition to the important hardware contributions to
the CMS detector the CIEMAT group members have
been playing first level roles in CMS physics analysis
since the first phases of the experiment. Some more
detailed information about our current activities will be
given in the next section of this report.
During the years 2016 and 2017 the CMS-CIEMAT
group has maintained high visibility in the experiment
through different management and coordination
positions, covering all aspects of our participation in
CMS: physics, detector, data-taking and computing.
Regarding top management positions, a member of
our group has played the role of Physics Coordinator
in the 2015-2017 period. Members of our group are
the current Muon Barrel (DT) Project Manager and the
current CMS Run Coordinator, as well as the current
Deputy Manager of the whole Muon System, and its
current Technical Coordinator. This list is complemented
by numerous positions of responsibility at other levels.
On the Computing side members of our group are in
charge of Distributed Analysis activities and play the
role of Computing Resources Manager. On the physics
front, members of our group have acted as conveners
of the Exotica physics analysis group, the Standard
Model Vector-Boson + jets analysis group, and the
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group in charge of performance, commissioning and
validation of b-tagging techniques for physics analysis,
as well as the coordinator of the top cross section
group in the first phases of Run 2.

3.1.3 ACTIVITIES IN 2016-2017
3.1.3.1 Participation in the CMS
operation and recent detector
activities
The CMS detector has shown an excellent performance
in recent data taking periods (2015-2017) of the Run
2. The Level-1 trigger was fully renewed before 2016,
as well as some fundamental parts of the electronics
of the hadron calorimeter. The trigger modifications
also involved changes in the muon trigger electronics,
under the responsibility of CIEMAT. In 2016 a new
LHC injection scheme led to record instantaneous
luminosities of about 1.5 x 1034 Hz/cm2. Despite these
challenging conditions CMS was able to record a
substantial fraction (~93%) of the delivered integrated
luminosity, leading to ~36 fb-1 of usable physics data
after physics quality certification efficiency (~96%).
These data were successfully complemented with
special runs for forward physics and heavy ions (with
low event pileup rate), data taking periods for the
calibration of the luminosity detectors (Van der Meer
scans) and a dedicated run with proton-lead collisions
at a center-of-mass of 8 TeV per nucleon.
The main CMS modification for the 2017 running
period was the full replacement of the CMS pixel
detector. This major upgrade required an initial
period of commissioning using a sizable fraction of
the first collision data. Due to several unexpected
problems in the LHC accelerator beam conditions
changed frequently during the year, leading to a stable
configuration only around September, with manageable
instantaneous luminosities of ~1.5 x 1034 Hz/cm2. By
the end of the year the LHC delivered ~50 fb-1, leading
to a sample of ~42 fb-1 usable for physics analysis,
thanks to a remarkable collection efficiency of ~90%
(which includes the losses due to initial commissioning)
and a quality certification efficiency of ~93%. The
last phases of the 2017 data taking period included
additional special runs, like Xe-Xe collisions (for the
first time), 5 TeV proton-proton collisions (needed as a
reference for future 5 TeV/nucleon Pb+Pb collisions), or
low pileup 13 TeV proton-proton collisions (necessary
for future W mass precision measurements).
As expected from the level of the commitments in
the CMS Barrel Muon project, the CIEMAT personnel
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has contributed significantly during the years 2016
and 2017 to the operation of the CMS DT system.
The detector operation has been extremely smooth,
producing minimal downtime to CMS, with more than
98.5% of the system being active. This was particularly
challenging, given that several Phase 1 upgrades were
being simultaneously deployed in this period.
A significant fraction of both, the operation on-call
(DT DOC) and offline (DT DOC2) shifts, has been
performed by the CIEMAT group. CIEMAT engineers
and technicians worked during the end-of-year
shutdowns in order to develop and maintain the DT
trigger (TwinMux) online Software, the DT readout
electronics system and to prepare and deploy new
shielding prototypes for the external station (MB4) of
the DT chambers.

3.1.3.2 Physics Analysis
Our current activities are built on the experience gained
during Run 1 and aim to enlarge the addressed scientific
topics, while maintaining a high degree of visibility.
Physics performance activities
Many of our scientific activities in CMS have the goal
of a better understanding of muon identification,
reconstruction resolution and performance in general,
logically complementing the commitments of the group
to the construction and operation of the CMS muon
barrel detector. Currently our group is focused on
reconstruction algorithms and on the understanding of
the muon momentum scale and resolution of high pT
muons, which are the primary signature in the searches
for new heavy resonances decaying to muons. Muon
detector and reconstruction performance during
Run 2 has been reported in a publication submitted
to JINST early 2018 (arXiv:1804.04528), and will
be complemented with a specific paper devoted
to reconstruction and performance at high muon
momenta.
A new line of activity is the development and study of
heavy-quark tagging methods. This is a natural extension
of our physics electroweak studies with charm quarks
in the final state, mostly using W+charm events. These
tagging methods, primarily developed for b-quark jet
identification are also sensitive to c-quark jets. Members
of the CIEMAT group developed the method in the
context of the Z+charm analysis and produced the
first CMS official c-tagging efficiency measurements.
Specific methods for charm tagging are now available
and a member of our group is responsible for all related
studies with W+c control samples. This implies (among
other duties) the timely delivery of tagging efficiencies
and tagging misidentification rates for charm jets
in data and MC, including updates in the case of
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reprocessing of the data with updated calibrations
constants. The results of the performance studies with
2016 data were included in a publication accepted for
publication in JINST (arXiv:1712.07158). Figure 3.1.1
shows the agreement between data and simulation for
the measured efficiency in charm-enriched samples for
one of the typical tagging choices, corresponding to
bottom and light-quark misidentification rates below
20%. The analysis of the 2017 data is under way.

Figure 3.1.1: Charm tagging efficiency measured in
data and comparison with initial expectations from
simulations for the “medium” charm tagging point.
The charm efficiencies shown in the plot (of order 45%
for high-energy jets) correspond to misidentification
probabilities for bottom and light quarks that are
below 20%.

Electroweak physics studies
Studies of electroweak physics with W and Z bosons
were among the first CMS scientific lines of research
with the CIEMAT groups playing a leading role. Those
initial studies of vector boson production have been
expanded recently in the precision frontier to the study
of associated production of vector bosons and charm
quarks. These final states are extremely sensitive to
the strange and charm parton density functions of the
proton. Members of our group were the main authors
of the first W+c measurements at the LHC able to
constrain the strange quark content of the proton in
a direct way. These results received a lot of attention
from the theoretical community working in PDF (parton
distribution function) QCD fits and have been included
as input in the fits for some recent PDF releases.
The same charm jet identification techniques have
been applied recently in the analysis of the associated
production of a Z boson and at least one charm jet at
8 TeV, recently published in Eur. Phys. J. C (2018) 78.
The work was carried out by members of our group.
The Z+c signal is extracted from template fits to the
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distributions of discriminant variables being sensitive to
the flavor of the jet, such as the probability that the jet
tracks come from the primary vertex, or the invariant
mass of the particles associated to the secondary
vertex, which is shown in Figure 3.1.2. This is also a
pioneering piece of work in the areas both of charm
physics and measurements sensitive to the charm
quark content of the proton. All these studies have
been crucial for the development of the charm tagging
techniques and performances studies presented
previously in this report.

Figure 3.1.2: Distribution of the reconstructed invariant
mass of the tracks associated to the secondary vertex
in events selected in the Z+charm analysis. The
selected sample has a significant contamination of
Z+bottom events, which can be disentangled in an
effective way using the shape of distributions like this
one.

Top quark physics
Another priority line of research of the CMS-CIEMAT
group since Run 1 is top quark physics. Members of our
group are responsible for the study of decay properties
like the helicity of the W boson in top-antitop final states,
sensitive to possible anomalous coupling structures
not predicted in the SM, both at √s=7 TeV and √s=8
TeV (PLB 762 (2016) 512). Besides these studies of top
properties, the group has recently led activities in the
context of measurements of cross sections involving
tops and has recently completed the first CMS
measurement of the associated production of a singletop quark and a Z vector boson at √s=13 TeV, (Phys.
Lett. B 779 (2018) 358)). This is a rare SM process with
a very small cross section, hardly accessible at lower
energies. We have analyzed the data taken in 2016
with three leptons in the final state. Two multivariate
discriminators, based on observables in the regions with
one and with two identified b jets are used to separate
signal from background processes. They are shown in
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Figure 3.1.3: Measurement of the top-Z associated production cross section in CMS. Left and center: distributions of the main
discriminant variables used in the search, showing a clear tZq signal component at high values. Right: Distribution of the transverse
invariant mass of W candidates in a tZq-depleted control sample used to estimate the contribution of W+jets backgrounds,
showing good agreement with the predictions from simulation.

Figure 3.1.3-left and Figure 3.1.3-center. A clear tZq
signal component is observed, where a light quark “q”
is typically produced at very low angles with respect
to the beam. Its observed statistical significance is
3.7σ (3.1σ expected). The most challenging part of
the analysis is the precise control of backgrounds. The
W+jets background is evaluated in a control region
with no b identified jets, using the transverse mass of
the W candidate in the event as discriminant variable
(Figure 3.1.3-right). A dedicated study to determine
instrumental backgrounds from misidentified leptons
was also performed. Current plans involve an extension
of the analysis to a dedicated search for processes
mediated by Flavor Changing Neutral Currents.

for publication in JHEP (arXiv:1803.11133). Figure 3.1.4
shows the distribution of the most sensitive variable in
this analysis, the reconstructed transverse mass of the
W’ system. Interpretations of the analysis in terms of
other new physics effects are also provided.
We are now setting up the analysis of the 2017 pp data
aiming for an extended study of the whole Run 2 data,
both in terms of channels and interpretations addressed.
The primary signature in the searches for new heavy
resonances decaying to muons is the presence of high

New physics searches
The CIEMAT group also plays a leading role in
searches for new particles since the early Run 1 phase
at 7-8 TeV. Some examples were the search for heavy
charged weak bosons (W’), excited leptons or the
searches for the 3rd generation squarks. The higher
center-of-mass energy of the LHC collisions in Run 2
enhances the cross section for the production of new
particles with higher masses. In this new period, some
members of our group led the √s =13 TeV search for the
production of a new heavy vector boson W´ in events
with an energetic lepton and large missing transverse
momentum, now published in Phys. Lett. B 770 (2017)
278-301. The study improved the lower mass limit for
the existence of a SSM W’ by almost 1 TeV relative
to the results obtained at Run 1. The analysis of the
full 2016 data statistics, carried out by the same team
leads now to the most sensitive world limits, excluding
the existence of this type of particles for masses below
4.9 TeV in the most typical benchmark scenario used
for these searches. The analysis has been submitted

Figure 3.1.4: Distribution of the transverse invariant
mass of W’ candidates decaying into a muon and a
neutrino, using 36 fb-1 of 2016 data collected at √s
=13 TeV. The expectations from several new physics
scenarios - already excluded by this analysis - are
shown for comparison. In the context of a Sequential
Standard Model scenario (SSM) W’ masses below 4.9
TeV are excluded.
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pT muons accompanied of large transverse imbalance
in the event, acting as a proxy for the presence of a
neutrino. This poses specific challenges in terms of
reconstruction algorithms and understanding of muon
momentum scale and resolution at very high pT. The
team is also involved in exhaustive studies of these
matters in Run 2, which should lead to a publication in
2018, as reported before.
Higgs physics and studies of diboson final states
After the discovery of a first Higgs state with a
mass around 125 GeV in 2012, CMS developed a
comprehensive program of searches for new Higgs
resonances at higher masses. Our group led the
searches for Higgs decaying into a pair of Z bosons,
with two leptons and two jets in the final state, which
are particularly relevant in this new range of masses.
The discovery of a second state, predicted in many
models, like Supersymmetry (SUSY), would be a direct
evidence of new physics beyond the SM. The group
activities in the Higgs sector are currently moving
towards precision studies of Higgs decays into W pairs.
The strategy followed in the high mass Higgs analysis
has a natural extension in the search for generic new
heavy diboson resonances decaying to the 2l+2q final
state, with two charged leptons (l = e, m) produced
by the decay of a Z boson and two quarks produced
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in the hadronic decay of a W or Z boson. Members
of our group in collaboration with UAM have finalized
the search for such resonances with masses from
400 to 1400 GeV with the 2016 data set, which will
be published in JHEP (arXiv:1803.10093). In this
mass regime the hadronically decaying boson may
be sufficiently boosted so that its decay products
are contained in a single jet. Therefore, merged jet
reconstruction and substructure techniques are used.
Figure 3.1.5 shows the reconstructed mass distribution
of diboson candidates in a b-tagged sample, which is
the most sensitive variable to search for this kind of
resonances. The mass resolution was improved using
special substructure techniques.

3.1.3.3 Preparing for the CMS
upgrade
The conditions in which the detectors are expected to
operate during the HL-LHC phase are very challenging,
and extensive R&D and consequent detector changes
are taking place. It is mandatory to follow potential aging
effects and to cope with the rates, pile up and expected
occupancies. The section devoted to the detector R&D
line, will cover the main activities performed by the
CIEMAT group aiming at prototyping and developing
a CMS Muon system able to stand Phase II LHC
operating conditions. Here we will just describe some
of the work we made, needed for preparing the future
path to the High Lumi period, and integrated in the
general frame of the Phase I CMS upgrade project.
As already mentioned, the first step of this upgrade
program was the “Sector Collector (SC) Relocation”
that consisted in the addition of an intermediate custom
layer of copper to optical fiber conversion able to
transmit the data reliably over the additional 60 meters
to the service cavern. CIEMAT coordinated this effort
and designed and produced different electronic boards
(OFCU, TSC_rear).

Figure 3.1.5: Distribution of the invariant mass of the
diboson candidates in the search for new resonances
decaying into dibosons. B-tagging and identification
techniques optimized for boosted hadronic decays
were used to obtain the plot. In the presence of a new
physics signal one should see a significant excess
over the background expectations around the mass
of the new particle. The prediction for a new spin2 particle (a graviton G) of 600 GeV with a specific
coupling (coupling=0.5) is shown for comparison.

A second step of this upgrade program included the
redesign and substitution of the ROS (Read Out Server)
by the μROS (to increase the processing speed in order
to cope with the increased luminosity), and the TSC
(Trigger Sector Collector) by the TwinMux (as part of the
Level 1 Trigger upgrade to allow improved performance
that satisfy the optimal physics requirements in a higher
luminosity regime). The ROS board is responsible for
the readout of up to a sector from the CMS DT readout
electronics (60 sectors in CMS), collecting the timing
digital information from each chamber and performing
event building and synchronization. The TSC board is
equivalent to the ROS but on the trigger side. It collects
the trigger information from one DT sector and forwards
it to the next chain in the muon trigger system, the track
finder (a sketch of the electronic changes during this
PHASE 1 upgrade can be seen in Figure 3.1.6).
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(240 to 480 Mbps) that has been
converted to optical signal as
a result of the Sector Collector
Relocation electronics. Present
DAQ (Data Acquisition), TTC
(Timing, Trigger and Control) and
TTS (Trigger Throttling) interfaces
both for trigger and readout are
made through the backplane fat
pipes which allows up to 10 Gbps
serial copper links.
The TwinMux system (see Figure
3.1.7) was designed to collect
also the information from the RPC
(Resistive Plate Chambers) and
HO (Hadron Outer Calorimeter)
detectors
and
build
trigger
primitives merging the information
Figure 3.1.6: Image of the DT trigger (brown) and readout (grey) electronics
with the DT data. This has allowed to
chains before and after the Phase 1 upgrade.
improve the muon trigger efficiency
(see for example Figure 3.1.8) and
to reduce the muon trigger rates.
In collaboration with the University of Padova, we The TwinMux system was installed in 2015-2016 and
decided to perform a common design of a new board has been taking data satisfactorily throughout 2016
which follows μTCA standard (new CMS policy to and 2017. CIEMAT took important responsibilities in
substitute VME modular systems standard) which will the firmware design and online software as well as in
be versatile enough to provide the required hardware the installation and commissioning.
functionality for the readout and for the trigger case
On the other hand, the μROS system was delayed to
while the firmware will be designed differently for each
case. The board is based around a Xilinx Virtex-7
FPGA equipped with up to 72 input links through
the 12-channel optical receivers and one 12-channel
optical transmitter at 9.6 Gbps. Each of this μTCA
single slot boards is capable of collecting the slow
input link information from the detector electronics

Figure 3.1.8: Improved trigger efficiency with the
merging of the RPC information (SuperPrimitives).

Figure 3.1.7: Phase 1 DT upgrade TwinMux/uROS
board

accommodate smoothly all of the DT activities and
it was decided to proceed with the full installation in
the year-end technical stop of 2017-2018. A parallel
slice of ~10% of the μROS system is installed at
present in CMS and has allowed to validate the new
design, its firmware and online and offline software
in real conditions with LHC collision data. CIEMAT’s
contribution to the realization of both projects has been
critical.
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3.2. NEUTRINO PHYSICS
AND DIRECT DARK
MATTER SEARCHES
CIEMAT group is developing a research line in Neutrino Physics and Direct Dark Matter
Searches, which includes, at present, the participation in several key projects in the field:
Double Chooz and DUNE neutrino oscillation experiments, and ArDM and DarkSide-20k
dark matter detectors. Liquid argon (LAr) technology is crucial for this research line.

3.2.1 NEUTRINO EXPERIMENTS
Research staff

M. Cerrada, I. Gil, C. Palomares

Scientific Postdocs C. Cuesta, A. Remoto
PhD Students

A. Gallego, Ch. F. Lastoria, D. Navas, J. A. Soto

Engineers

D. Belver, E. Calvo, S. Jiménez, D. Redondo, A. Verdugo

Technicians

I. Martín, J. J. Martínez, F. J. Yáñez

The research activities of the CIEMAT neutrino group are
mainly focused on the study of neutrino oscillations, in
particular, the measurement of the θ13 mixing angle with
the Double Chooz reactor neutrino experiment, and the
installation and operation of the WA105/ProtoDUNEDP detector at the CERN Neutrino Platform as a largescale dual-phase (DP) LAr prototype for the future
DUNE long-baseline neutrino experiment in Fermilab.

parameters. Reactor experiments use νe of low energy
(2-10 MeV) produced from beta decay of nuclear fission
products. The goal is to search for a disappearance
effect in the antineutrino flux from reactors due to
neutrino oscillations at short-baselines. θ13 can be
directly measured from the oscillation amplitude inferred
from an energy-dependent deficit in the number of
observed neutrinos.

Timescale of the projects are different since Double
Chooz is at the end of the data taking and analysis
exploitation, ProtoDUNE-DP is currently under
construction at CERN and will take data in 2018-2019
while the DUNE project is in the design phase and its
construction is expected to start in 2022. This allows
sharing the technical and research personnel of the
group among the different activities according to the
stage of the different projects.

3.2.1.1 Scientific Goals

The next generation of long-baseline neutrino
experiments will try to determine the neutrino mass
ordering and measure the CP violating phase in the
leptonic sector. The demonstration of the leptonic
CP violation will be an important step towards the
leptogenesis mechanism as an explanation of the
observed baryon asymmetry in the Universe. While the
present generation of neutrino experiments, such as
T2K and NOvA, will start providing the first hints of the
existence of CP violation, thanks to the measurement
of θ13 done by reactor experiments, and maybe also
some sensitivity to the mass ordering, they will not be
able to provide a significant enough measurement.

The mixing angle θ13 has been measured recently by
the electron anti-neutrino ( νe ) disappearance in short
base-line experiments and νm→νe appearance in
long-baseline experiments. A precise measurement
of θ13 is essential for deep understanding of neutrino
physics expected in the following decades. Reactor
neutrino experiments, as Double Chooz, provide the
most precise measurement of θ13 being unaffected
by correlations or degeneracies between other

The long-baseline Deep Underground Neutrino
Experiment (DUNE) (arXiv:1601.05471) is a planned
dual-site neutrino experiment projected to be in
operation in 2026. This experiment (Figure 3.2.1)
will study high-energy neutrinos from a new, highintensity wide-band neutrino beam (LBNF) generated
by a megawatt-class proton accelerator at Fermilab,
after propagating over a distance of 1300 km to a far
detector located deep underground at the Sanford
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Figure 3.2.1: DUNE will send neutrinos from Fermilab to SURF

Underground Research Facility (SURF) in Lead, South
Dakota. The requirement to cleanly reconstruct multiGeV neutrino interactions dictates the choice of
the liquid argon time projection chamber (LAr-TPC)
technology as the optimal one for DUNE. The far
detector (arXiv:1601.02984) will be composed by four
large LAr TPC detectors of 10-kt fiducial mass each.
DUNE considers both single- and dual-phase LAr TPC
designs for the far detectors. The project is completed
with a highly-capable near detector placed very close
to the beam.
DUNE’s 1300 km baseline delivers more than 5σ
sensitivity to the neutrino mass hierarchy for any value
of δ-CP in seven years of data and a significance for
CP violation of at least 3σ for 75% of δ-CP values with
an exposure of 850 kt MW year, via neutrino oscillation
measurements (arXiv:1512.06148). The combination
of a massive fine-grained detector and underground
detector placement also allows DUNE to have broad
discovery potential beyond the accelerator neutrino
program. The observation of nucleon decay would be
a watershed event for the understanding of physics at
high energy scales. Neutrinos from supernovae would
provide key insights into the physics of gravitational
collapse and may also reveal fundamental properties
of the neutrino.
Following the recommendations of the 2013 European
Strategy for Particle Physics, CERN has created the
Neutrino Platform Facility in a test-beam hall on CERN’s
Prévessin site to allow the global community of neutrino
experts to develop and prototype the next generation
of neutrino detectors. In this context, two large-scale
LAr TPC prototypes are being built aiming to test both
single-phase and dual-phase LAr TPC technologies.
Compared to the single-phase, the dual-phase design
will provide a fully active volume without dead material
with a smaller number of readout channels, a finer
readout pitch, a more robust signal-to-noise ratio with
tunable gain, a lower detection energy threshold, and

a better pattern reconstruction of the events. These will
allow to best exploit the “bubble chamber”-like features
of the liquid argon TPC at the 10-kt scale.
WA105/ProtoDUNE-DP (arXiv:1409.4405) is a CERN
experiment (NP02) approved by the SPS Committee to
build and operate a 6x6x6 m3 dual-phase LAr detector
at the CERN Neutrino Platform to demonstrate the
technology to leverage large risks associated to the
extrapolation from existing experience to the huge
mass required for future neutrino detectors. The
reconstruction of electrons, protons, neutral and
charged pions and muons will be demonstrated in
dedicated test beam campaigns. A Memorandum of
Understanding between CERN as host laboratory and
the contributing institutes has been signed, including
CIEMAT.

3.2.1.2 Historical background and
current status
The CIEMAT neutrino experimental group started in
2005 and is an active member of the Double Chooz
(DC) collaboration since March 2006. The CIEMAT
group has strongly contributed to the DC experiment in
both hardware and detector construction and physics
data analysis.
The Double Chooz experiment is located at the Chooz
nuclear power plant in France, having two cores
yielding a total thermal power of 8.54 GWth. The DC far
detector (FD) is placed at 1050 m away from the cores,
close to the maximal oscillation distance and providing
shielding (300 m.w.e.) against cosmic rays. A second
identical detector (near detector ND) is installed 400 m
away from the reactor cores, in a new laboratory (115
m.w.e.). This multi-detector setup allows to drastically
reduce the systematic errors mainly associated with
the neutrino flux and provide a precise value of θ13.
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Reactor antineutrinos interact with free protons in the
detector target through the inverse beta decay reaction
(IBD): The positron signal is promptly detected and the
neutron thermalizes and is captured by the gadolinium
(Gd) in the detector target approximately 30 μs later
emitting γ-rays (8 MeV). The energy deposited by the
positron including annihilation is related to antineutrino
energy by Eprompt = E ν - 0.8 MeV. This characteristic
signature yields a very efficient background rejection.
Neutrons can also be captured by a Hydrogen nucleus
(H) of the liquid scintillator, emitting a 2.2 MeV γ.
The main bulk of DC detector is made of four concentric
cylindrical tanks with three central volumes optically
coupled. The innermost volume (target) contains
10.3 m3 of Gd-loaded (1 g/l) liquid scintillator inside a
transparent acrylic vessel, where the neutrinos interact
via the IBD process. The target is surrounded by a
Gd-free liquid scintillator layer, Gamma-Catcher (GC),
contained in a second acrylic vessel used to detect
γ-rays escaping from the target. The more external
volumes work as passive and active shield against
background signals, like environmental gammas and
muons. 390 low background 10-inch photomultipliers
(PMTs) collect the scintillation light from the inner
volumes.
DC started the data taking with the far detector in
April 2011. Since then, many efforts and advances
have been performed by the collaboration to achieve
a competitive measurement of θ13 using the FD data
while the ND was under construction. The best value
of θ13 measured by using only FD is sin2(2θ13) =0.090
+ 0.032-0.029 from a fit to the observed energy
spectrum (JHEP 1410 (2014) 086).
The CIEMAT group had financial support from the
National Program of Particle Physics, in 2005 with an
R&D project in liquid argon detectors, and since 2006
to contribute to the DC reactor neutrino experiment.
The CIEMAT group has participated very actively in the
DC experiment, assuming important responsibilities, in
the far and near detector construction. We have been
responsible for the design, manufacturing, assembly
and installation of all the mechanical supports,
magnetic shields and HV splitters of the 390 PMTs for
the far detector. The same work has been successfully
performed for the near detector. Our studies with
magnetic shields and characterization of PMTs under
magnetic field have been fundamental to optimize
the light collection in DC. (Nucl. Inst. & Meth. A600
(2009) 560-567; Nucl. Inst. & Meth. A621 (2010) 222230). We have also contributed to the understanding
of the detector performance, doing tests in our lab
to reproduce the phenomenon of light emission
by the PMTs (JINST 11 (2016) 08 08001). We have
contributed very significantly to the DC publications in
the reconstruction software and analysis of light noise
and accidental background events (responsible of
the strategy and results for all publications), neutrino
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selection, reactor rate modulation analysis (leaders
and main authors of publication), reactor off-off data
analysis (leaders and main authors of the publication),
optimization of the energy scale and detection efficiency
estimations (new method developed).

3.2.1.3 Activities 2016-2017
Since January 2015, the Near Detector of Double Chooz
is taking data together with the FD. In September 2016,
DC has presented at CERN its first θ13 measurement
exploiting the combination of 2 years of single-detector
data and 15 months of double-detector data. The
measured value for sin2(2θ13) is (0.119 ± 0.016). The big
improvement on the measurement resolution is mainly
due to the inclusion of the second detector, reducing
the uncertainty on the reactor neutrino flux from 1.7% to
0.1%. The strong cancelation of the flux error benefits
from the iso-flux condition of the two detectors with
respect to the reactors. Additionally, the target volume
has been increased including the neutrino interaction
in the GC, considering inclusively the neutron captures
on Gd and H. In that way, the target mass is more than
three times larger reducing considerably the statistical
error. This measurement has been done, as in previous
analyses, by fitting a Monte Carlo (MC) prediction to the
observed energy spectra (Figure 3.2.2). An unexpected
spectrum distortion is observed at high energy (4-6
MeV) but there is no impact on the θ13 measurement
because the distortion is present in both detectors and
cancels out (Figure 3.2.3). A strong correlation between
the excess rate and the reactor power is observed,
excluding the possibility of an unknown background.
The isotope decay responsible of this excess is still
under investigation. θ13 measurement is being improved
with a new implementation in the fit of some systematic

Figure 3.2.2: Measured energy spectrum of the
prompt signal (points) superimposed on the prediction
without neutrino oscillation (red line) normalized to the
same number of entries. The plot corresponds to 15
months of FD data. The spectra corresponding to
different backgrounds are also shown.
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errors, like the error on the νe spectrum prediction
and the proton number uncertainty. A publication is in
preparation.
As a crosscheck, a FD data to ND data fit is also done
using the 15 months of double-detector data. In this
case, the value of θ13 is measured to be sin2(2θ13)
=0.123 ± 0.023. This result cannot be affected by
the spectrum distortion and it is quite compatible
with the MC to data fit (Figure 3.2.3). The measured
value for sin2(2θ13) is larger than the most precise Daya
Bay measurement (0.084 ± 0.005). This new result
is in better agreement with T2K and NOvA beam
measurements.
The CIEMAT neutrino group has contributed very
significantly to the analysis with two detectors. We
are responsible of the measurement of the remaining
background due to accidental coincidences in the
detector. In the new analysis, which includes the
neutron captures on H, this background is the most
important one in the FD and is the main background
below 2 MeV for both detectors, where the oscillation
is maximum (Figure 3.2.3). The CIEMAT group is in
charge of the determination of the detection efficiency
for both detectors and has participated in the calibration
campaign carried out in summer 2017. A second
independent measurement of θ13 has been performed
by DC using a different analysis technique led by the
CIEMAT group: the reactor rate modulation (RRM)
analysis. The rate of neutrino candidates is measured
during periods of different reactor power ranging from
zero power to full power. This analysis allows the
measurement of θ13 without an a priori knowledge
of the background (Phys. Lett. B735 (2014) 51-56).
This analysis has also been applied to the 15 months
of two-detector data and is currently being used as
cross-check since it is not affected by the spectrum
distortion.
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WA105/ProtoDUNE-DP is now under construction
and will be operated at the CERN Neutrino Platform.
Figure 3.2.4 shows a picture of the internal membrane
of the ProtoDUNE-DP cryostat already finished. The
ProtoDUNE-DP TPC has a 6x6x6 m3 active volume.
The charge read-out occurs in the gas phase, where
the charge is amplified and collected on a 2D anode.
Following a staged approach, prior to the ProtoDUNEDP construction, a dual phase LAr-TPC with an active
volume of 3×1×1 m3 was assembled at CERN (Figure
3.2.5) and took data during summer 2017. The
CIEMAT group together with IFAE, has been in charge
of the photon detection and DAQ systems for the 5
PMTs installed at the bottom of the detector. Analyses
of light signals including primary and secondary LAr
light emissions from cosmic muons are ongoing.
A publication on the prototype performance is in
preparation.
CIEMAT, together with IFAE, is responsible for the light
detection system of ProtoDUNE-DP, including the
acquisition and characterization of 40 8” cryogenic
photomultipliers, coating with wavelength-shifters,
design and production of the voltage circuit and HV
splitters, associated mechanics and final installation
and commissioning of the system in the detector.
Figure 3.2.6 shows the cryogenic test facility installed
at CIEMAT where 40 PMTs have been characterized
at room and liquid nitrogen temperature inside a
300-litre vessel. The dark current and gain as a
function of the applied voltage are measured for
each PMT. The response of the PMTs with respect
to the amount and frequency of the light received is
also studied. A publication is in preparation. CIEMAT
is also responsible of the PMT calibration system of
ProtoDUNE-DP. The goal is to determine the PMT
gain and study the PMT response stability during the
data taking. An optical fiber will be attached to each

Figure 3.2.3: In the two left plots, black points show the ratio of the data, after background subtraction, to the non-oscillation
prediction as a function of the visible energy of the prompt signal. Overlaid red line is the rate of the best-fit to the non-oscillation
prediction with the reactor flux uncertainty (green) and total systematic uncertainty (orange). In the right plot, black points
correspond to the ratio of FD data to the ND data, the total systematic uncertainty is shown in green.
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Figure 3.2.4: (Left) Internal view of the ProtoDUNE-DP cryostat installed at the EHN1 area at CERN. (Right) Drawing of the detector
with 36 PMTs at the bottom of the detector.

Figure 3.2.5: WA105 3x1x1 m3 prototype installed at CERN with the PMTs under the cathode.

PMT in order to provide a configurable amount of light
from a LED source.
CIEMAT also contributes to the development of the
simulation and reconstruction software for both charge
and light readout, and to the study of the detector
performance for low energy interactions. Our group will
participate in the analysis of data from cosmic muons
and charged- particle test beam in 2018-2019. In
addition, the CIEMAT group has several responsibilities
inside the WA105/ProtoDUNE-DP experiment as
leaders of the Photon Detection subgroup and
members of the Technical Coordination Group and
Dissemination Board.
The participation of the Spanish groups in DUNE
will be determined by the results of the ProtoDUNE
program and by the scientific strategy of the
DUNE Collaboration. The completion of the DUNE
prototypes is expected by the end of 2018. DUNE
is committed to produce a Technical Design Report
of the Far Detectors in 2019. The strategy for the far
detector construction is built around the formation
of international groups (consortia) of institutions
responsible for specific aspects of the far detector
sub-systems. The CIEMAT group is currently involved

Figure 3.2.6: Cryogenic test facility at CIEMAT to test
10 PMTs at the same time inside a vessel filled with
LN2
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in DUNE as members of two consortia: the Dual-Phase
Photon Detection (DPPD) System, being the leaders of
this consortium, and the Slow Control and Cryogenic
Instrumentation Consortium. Members of the CIEMAT
group play also an important role in the DPPD

Consortium as responsible for the Photosensors and
Light Calibration WGs. In addition, CIEMAT is a member
of the Technical Board of the DUNE experiment and
co-convener of the DUNE Supernova and Low Energy
Neutrino Physics WG since 2015.

3.2.2 DIRECT DARK MATTER SEARCHES
Research staff

M. Cárdenas-Montes, P. García, L. Romero, R. Santorelli

Scientific Postdocs V. Pesudo
PhD Students

E. Sánchez

Engineers

J. M. Cela (coll.), M. Daniel (coll.)

Technicians

C. Blanco, J. García, J.J. Martínez, C. Puras

3.2.2.1 Scientific goals
The main objectives of our scientific program are the
direct detection of dark matter particles (WIMPs) and
the development of new detection techniques and
methods related to liquid argon (LAr). With this goals
in mind, our group has participated in experiments of
increasing complexity and sensitivity, like ArDM and
DarkSide-20k (DS-20k), and has put in place small
experiments at the CIEMAT dark matter laboratory to
perform detector R&D.
We are part of the ArDM experiment, which is the first
ton-scale double-phase argon detector for dark matter
direct searches ever built. Moreover ArDM has been
the first large-size experiment taking data underground
at LSC (Canfranc, Spain). Results from run I data are
already published, demonstrating the capability of the
technology and opening the path for future dark matter
direct searches with multi-ton LAr detectors. We are
currently collecting data in double phase, run II, and
plan to produce new scientific results in the next two
years.
The quest for dark matter particles using LAr will be
pursued with the large scale detector DarkSide-20k,
which is a joint world-wide effort of all the groups
previously involved in the LAr based projects. The
experiment is planned to build the most sensitive
detector for high WIMP mass searches (Fig. 3.2.7),
which will be in operation during the next decade.
Our group has gained an important visibility in the
collaboration since the beginning of the project,
playing a major role in detector design and
construction, Monte Carlo simulation and computing.
At the same time, we took the responsibility of the
assay campaign for the assessment of the radioactive
contamination of the detector materials, whose

results will be fundamental to guarantee the foreseen
background-free operations. The scientific exploitation
of DarkSide-20k will start around 2021, when we
expect the first data. In a second stage, this ambitious
program foresees the construction and operation of
the ARGO experiment, a 300-tonne detector with a
200-tonne fiducial mass. The technology of ARGO,
the same as that of DarkSide-20k, is based on the
dual-phase argon TPC operated in a low background
environment, and has been successfully demonstrated
by ArDM at LSC and DarkSide-50 at LNGS. With an
exposure of 1000 tonne × yr free of background from
nuclear recoils induced by collisions of SM particles,
ARGO will aim at a sensitivity three orders of magnitude
greater than the best result achieved today (Fig. 3.2.7).
This is the expected range for the complete exploration
of the dark matter parameters. Explorations become
even more challenging beyond this point due to the
so-called “neutrino floor”, which is the DM sensitivity
level at which the detection of at least one neutrinoinduced coherent scattering by atmospheric neutrinos
is expected. This sensitivity represents the maximum
achievable by any DM experiment in absence of new
techniques able to detect the direction of recoiling
nuclei. ARGO will also carry out an ambitious program
of high precision measurements on low-energy solar
neutrinos (7Be, pep, and CNO).
The transition of our group to DarkSide-20k is made
smooth by integrating ArDM in the new project. ArDM
will be used as a testing bench for DS-20k. In particular,
the DART subproject of DS-20k is being developed to
measure the concentration of 39Ar in the underground
argon that DarkSide will use, by installing a one liter
radiopure chamber inside ArDM. This measurement
is one of the scientific goals of our group in the short
term (2018).
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The physics of light and charge detection in liquid
argon and xenon is not fully settled. Important
aspects must be properly understood to guarantee
the success of future dark matter and neutrino large
scale experiments. Our group has in place R&D
experiments in the laboratory at CIEMAT. These
experiments are under way, and we plan scientific
results in the short term.
More details of the general lines expressed in the previous paragraphs are given in the rest of this section,
and in a section dedicated to R&D.

3.2.2.2 Historical background and
current status
In the last few decades it has been determined
that roughly 85% of the matter in the universe
is non-baryonic and neither emits nor absorbs
electromagnetic radiation, called dark matter (DM).
The nature of the missing mass of the Universe
is still one of the fundamental open questions in
today particle physics and cosmology. One possible
explanation of the “DM problem”, comes from
the elementary particle physics in form of as-yet
undiscovered elementary Weakly Interacting Massive
Particles (WIMPs), with masses in the range from 1
GeV/c2 to 1 TeV/c2. Although none of the particles
of the Standard Model (SM) is a proper candidate, a
well-motivated WIMP particle naturally arises from the
supersymmetric extension of the SM (SUSY), as the
lightest SUSY particle. If such particle exists, it could
have been produced shortly after the Big Bang, and it
would form a relic gas in the present universe.
There is a significant worldwide effort searching for
possible dark matter candidates, involving different
approaches. Indirect searches of DM are currently
done with satellites or ground based telescopes by
measuring the flux of secondary particles, such as
high-energy neutrinos, charged leptons, or gamma
rays, eventually emerging from the WIMPs annihilation
from several sources such as the Sun, the Earth and
the galactic center. However, the direct search for DM
in underground laboratories is one of the strongest
methods to fully evidence the existence of dark matter
particles in the Universe, along with the experiments
at LHC.
A halo of non-relativistic WIMPs is thought to enclose
our galaxy. A sensitive experiment could observe the
tiny WIMP-nucleus elastic collisions induced by the
motion of the active target of the detector within the
Earth across the galactic halo. In that context, the
most promising way to directly detect WIMPs is via
the subsequent atomic nuclei recoil. The nuclear recoil
(NR) energy spectrum is exponentially decreasing
and depends, in general, on the WIMP mass, cross
section and velocity distribution relative to a detector

Figure 3.2.7: Current exclusion limits in the cross-section vs. mass plane, from direct dark matter search
experiments, and projected sensitivities of DS-20k
and ARGO.

in the laboratory frame. Some of these parameters
are not well constrained by the theoretical models,
yielding large uncertainties on the predictions of event
rates and recoil energy ranges.
Despite the extraordinary progress achieved in the
field, which allowed pushing up the sensitivity of direct
detection by some orders of magnitude (Fig. 1), the
DM problem is still open. While a positive dark matter
signal would be a major discovery in modern physics,
a negative result would set new exclusion limits in
the parameter space, constraining the WIMP mass
and WIMP-nucleon interaction cross section, thus
disfavoring or eventually excluding various DM and
SUSY models. In order to investigate the parameter
space beyond the regions already excluded by
the current limits (Figure 3.2.7), it is mandatory to
exploit the capability of measuring recoil energies
down to the few-tens-of-Kev region with negligible
backgrounds. From the experimental point of view,
these requirements call for massive detectors, at the
multi-ton scale, with an outstanding rejection power
for the interactions produced by the natural sources
of radiation.
Cryogenic noble liquids offer the best prospects for
detectors with large mass and excellent background
rejection capabilities. Particularly, liquid argon (LAr) is
an excellent medium for WIMP detection due to its
effective conversion of the energy of nuclear recoils
into ionization and scintillation. The detection of both
charge and light is possible with a dual-phase time
projection chamber (TPC), which provides an efficient
rejection of the electron recoils (ER) from background
events. It has been proved experimentally that, due
to the high ionization density of the heavily ionizing
particles and subsequent recombination of free
electron-ion pairs, the nuclear recoil charge signal is
strongly suppressed with respect to the electron recoil.
As a consequence, the nuclear recoils due to WIMP
(or neutron) interactions are characterized by a light-
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over-charge ratio much higher than that produced by
gamma or electron interactions. Additionally, due to
the different ionization densities, the relative intensities
of the fast (~5 ns) and slow (~1.6 μs) components of
the argon de-excitation are different for the two types
of interactions. The evidence that the light pulse
shape in argon strongly depends on the nature of
the ionizing particle is now well established, giving a
powerful and solid particle discrimination technique.
This feature provides a powerful method for gamma
background rejection which is barely accessible in a
xenon detector, given the relatively small difference
(~2 ns vs. ~30 ns) between the two components.
Given the remarkable and unique opportunity of
having large exposures (~100 ton × y) in background
free mode, only obtainable so-far with argon TPC,
the future scientific program of the DM direct search
community must include a dedicated worldwide effort
based on this technology. Such an experiment will be
able to profit from the important expertise in the LAr
field and from the latest technological developments,
maximizing the physics reach.
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Figure 3.2.8: Study of the absorption cross sections
of different molecules in gaseous phase as a function
of the incident wavelength. The LAr emission spectrum
is plotted in grey.

3.2.2.3 Current status and activities
in 2016-2017
In the context of direct DM search, ArDM has been
the first ton-scale argon experiment in operation
underground. During the period 2016-2017, our
group has contributed to a wide variety of tasks
including:
1.Data analysis, leading the evaluation of the ER/NR
discrimination power, assessment of the NR energy
scale and the neutron background rejection among
others;
2.Detector operations and data taking, being the local
group of the collaboration with a constant presence
of the CIEMAT personnel at LSC;
3. Detector upgrade for run2: design and construction
of new mechanical parts, VUV inner reflector
fabrication with wavelength shifter deposition,
assembly of the TPC;
Several relevant results have been obtained with the
analysis of the run1 data concerning, for example, the
assessment of the background and the measurement,
in a large size detector, of the 39Ar (a beta-emitter)
contamination in natural argon (JCAP 1703 (2017)
no.03, 003 (2016)). Novel results have been obtained
for what concerns the analysis of the attenuation
length to its own scintillation light in LAr. A relatively
low value close to 0.5m was found for the attenuation
length of VUV photons in the liquid argon bulk, a
result which is very relevant for the design of the
future dark matter and neutrino detectors based on
this technology. We carried out extensive analyses of

Figure 3.2.9: ER vs. NR rejection power by pulse
shape discrimination as function of the light signal
for different NR acceptances (ArDM run-I data). The
required 107 rejection power can be obtained with only
40 photoelectrons detected.

the argon gas employed for the filling and discussed
cross sections in the vacuum ultraviolet of various
molecules in respect to purity requirements in the
context of large liquid argon installations (Figure 3.2.8,
see also Astropart.Phys. 97 (2018) 186-196). The
results have been interpreted through the presence of
optically active impurities in the liquid argon which are
not filtered by the installed purification systems. New
and more detailed investigations will be carried out
with the new data-taking.
The ArDM experiment has demonstrated, for
the first time at the ton-scale, an electron recoil
suppression by a factor in excess of 107, one of
the most powerful background rejection factors
among all dark matter detectors (Figure 3.2.9, see
also arXiv:1712.01932(2017)). This result has been
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fundamental indicating a viable strategy to build
and operate very large dark matter detectors in
background-free mode. The success of the first data
taking confirmed unambiguously the potential of the
LAr technology. During 2016, the detector has been
updated installing a new field cage, new reflector
panels with a borated-polyethylene inner neutron
shield, new PMT radiopure bases, and two acrylic
plates covered by indium tin oxide (ITO) as anode and
cathode for the electron drift field. The performances
of the detector are currently being tested taking
data in gas argon, in the new LAr run II, started in
December 2017 and expected to end in spring 2018.
In 2015, the CIEMAT-DM group was one of the original
proponents of the new DarkSide-20k Collaboration
(DS-20k), which plans to build a 23 ton active mass
(20 ton fiducial) dual-phase Ar-TPC at LNGS, reaching
an exposure of 100 ton × year (Figure 3.2.10). It is
designed to be the most sensitive detector for massive
WIMPs (up to 10 TeV/c2). From 2021 onwards, the
experiment will look for nuclear recoils resulting from
collisions induced by the hypothetical DM particles
from the galactic halo. For the first time in the dark
matter direct investigation field, a new collaboration
has been created with a unified effort from all the
groups previously involved in the LAr based projects:
ArDM, DarkSide-50 and DEAP-3600. This new joint
experiment aims at an extended exploration of the
dark matter parameter space, accessible to searches
with low-background detectors. The DarkSide-20k
collaboration submitted a Letter of Intent to LNGS in
April 2015, and a proposal to the Italian INFN and to
the US NSF in December 2015. A merit review jointly
conducted by the Italian INFN and the US NSF was
successfully passed in March 2016, with detailed
budget and schedule reviews. In April 2017, the DS20k project got the formal funding approval from INFN

with the requested contribution of 40 M€. After a very
positive review of the proposal submitted to the US
NSF, the collaboration is now awaiting the decision of
approval with capital funding of 13 M$.
The CIEMAT-DM group has gained an important
visibility in the experiment, obtaining central technical,
managing and coordinating position. A member of
the group is part of the advisory board (8 members)
which is a government body assisting the chair of the
institutional board (~70 institutions). One member is
the coordinator (so-called L1-level management) of
the material assay working-group, which involves
several institutions worldwide including three
underground laboratories (LNGS, SNOLab, LSC).
Three members of the group are part of the technical
board, with responsibilities covering the fabrication of
the large mechanical parts of the TPC, simulations
and computing.
After the end of the ArDM run II, DART will be put in
place inside ArDM. Its goal is the determination of the
39
Ar contamination in the underground argon (UAr),
extracted from the CO2 wells in Colorado, and is key
to assess the sensitivity of DS-20k for DM detection.
The DART project aims at measuring the relative
amount of 39Ar in UAr, which is expected to have a
depletion factor of 104 or lower. To achieve such
sensitivity, a small radiopure copper vessel filled with
UAr (1 l, Figure 3.2.11) will be placed in the center of
ArDM, which will act as an active veto for the gamma
background from detector materials and from external
sources. Before conducting the experiment, these
backgrounds are being estimated using detailed
detector simulations based on Geant4. The simulation
results will help deciding the materials and details of
the detector geometry that will be appropriate for the
final detector design. Our group is currently leading
the Monte Carlo studies and the mechanical design/

Figure 3.2.10: DS-20k. (Left) Detector installation in the C at LNGS (Top-right) Sketch of the
LAr TPC (Bottom-right) Photon detection module with 24 SiPM of 1x1cm2 each.
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Figure 3.2.11: (Left) DART radiopure chamber in ArDM. (Middle) Design of the inner acrylic structure with the SiPM
arrays. (Right) Copper vessel with connection pipes.

construction of the chamber. This activity will be a
leading task for the group during 2018. Our group
will also participate in the assembly, installation and
commissioning of the DART TPC, as well as in the
data analysis. This activity will lead to a publication

on the measurement of the 39Ar depletion factor of
UAr, which will have a high impact on the physics
performance of DS-20k and it will be a fundamental
milestone for the technology. We are planning to fill
the full ArDM with DAr in a second stage.
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3.3 COSMIC AND
GAMMA RAYS PHYSICS
The CIEMAT group is developing a research line in Fundamental Physics connected
to the study of cosmic and gamma rays. This research line comprises, at present, the
participation in two reference experiments in the field: the AMS experiment, which is the
first large scale magnetic spectrometer operated in space; and the CTA Observatory,
under construction, that will be the major global observatory for very high energy
gamma-ray astronomy over the next decades.

3.3.1 AMS EXPERIMENT
Research staff

M. Aguilar, J. Berdugo, J. Casaus, C. Delgado, C. Maña, C. Palomares

Scientific Postdocs F. Giovacchini, A. Oliva
PhD Students

M. Molero, M. A. Velasco

Engineers

C. Díaz, J. Marín (coll.), G. Martínez (coll.)

The Alpha Magnetic Spectrometer (AMS) is a general
purpose high energy particle detector that was
deployed at the International Space Station (ISS)
on May 19, 2011 to conduct a unique long duration
mission of fundamental physics research from space.
Among the physics objectives of AMS are the search
for Dark Matter and Antimatter, the study of the
propagation of cosmic rays and the exploration of
new scientific phenomena that cannot be achieved
on ground based experiments. After more than six
years of operations in space, AMS has collected
more than 1011 cosmic ray events and has provided

precision measurements of electrons, positrons,
protons, antiprotons, and nuclei of helium, lithium,
boron, beryllium, carbon, nitrogen and oxygen up to
multi-TeV energies.
The results of AMS challenge the current understanding
of cosmic ray propagation in the Galaxy. The results
on the positron fraction showing an excess at high
energy may point to an exotic source contribution,
either from extreme astrophysical objects or from new
physical phenomena such as dark matter annihilation
in the galactic halo. The precise measurements of
electron and positron spectra (Figure 3.3.1.a) provide

Figure 3.3.1: a) The latest AMS data on the electron (blue, left axis) and positron (red, right axis) fluxes, multiplied (for display
purposes) by E3, where E is the electron or positron energy; b) The boron to carbon ratio as a function of kinetic energy per nucleon
EK compared with measurements since the year 1980. The dashed line is the B/C ratio required for the model of R. Cowsik and T.
Madziwa-Nussinov (Astrophys. J. 827, 119 (2016)), which interprets the AMS positron fraction and antiproton results by secondary
production in cosmic ray propagation.

30

MdM-CFP. REPORT OF ACTIVITIES 2016-2017

strong constraints on these models. Specifically, the
observation of a turn point in the positron fraction
above 200 GeV, the absence of structures in the
positron and electron spectra, and their apparent
isotropy should be accounted by any physical model
for electron and positron production in the Galaxy.
Furthermore, the AMS measurement of the B/C ratio
in an extended rigidity range (Figure 3.3.1.b) provides
additional constraints to a possible interpretation of the
positron excess not requiring compact sources. On
the other hand, the AMS antiproton flux measurement
up to 450 GeV/c, showing an unexpected flattening
of the antiproton-to-proton ratio at high rigidity,
is in tension with the expectations for secondary
production and may require an additional source
component. Additionally, the progressive hardening
of the proton and helium fluxes at high rigidities has
been recently confirmed for all light nuclei species.
This unexpected behavior is not predicted by current
models of Galactic cosmic rays and requires a new
understanding of their origin and propagation.

the calorimetry in the next generation of cosmic
ray experiments in space. The activities related to
CaloCube are described in the R&D section of this
report (3.5 Detector R&D).

In September 2016, the AMS experimental program
underwent a two-day review by the US Department
of Energy (DOE) in Washington D.C. The review
acknowledged the quality of the AMS results and
stressed that the achievement of percent level
precision measurements performed by AMS provides
a qualitative improvement in our understanding of
cosmic rays and represents a breakthrough in the
field. The AMS experimental program was strongly
endorsed and the review panel recommended its
extension to 2024, the current lifetime of the ISS.

CIEMAT joined the AMS collaboration in 1997 and
contributed at that time to the commissioning of the
AMS-01 detector at ETH (Zurich) and NASA-KSC, the
monitoring of the science data during data taking at
NASA-JSC, and the analysis of the data at CERN.
From year 2000, CIEMAT enlarged its participation in
the experiment taking responsibilities for the design
and construction of AMS-02 and the Control and
Operation of the detector, as well as for the analysis
of the data.

The scientific program of AMS is now complemented
by three calorimetric experiments recently launched:
DAMPE satellite (December 2015), and CALET
(August 2015) and ISS-CREAM (August 2017)
payloads at the ISS. Their scientific programs are
focused on the measurement of the electron-pluspositron spectrum up to multi-TeV energies and will
thus provide independent confirmation of the subset
of AMS e++e- calorimetric results. However, the low
flux of high-energy leptons prevents reaching energies
beyond 10 TeV with the current experiments despite
their long exposure time.
There is an ongoing R&D program to develop isotropic
calorimeters for space applications that will provide
geometrical acceptances exceeding by a factor 10
those of current devices. This will thus allow probing
the primary sources of electrons and positrons
beyond 10 TeV and, for the first time, a precise study
of the knee of the spectrum of galactic cosmic rays in
the multi PeV range. CIEMAT is currently participating
in this effort through its involvement in the CaloCube
project whose objective is the development of a
homogenous calorimeter to detect particles arriving
from any direction in space. The research program
main goal is to provide the technical solution for

3.3.1.1 Historical background
The AMS detector is the first large scale magnetic
spectrometer operated in space. AMS is designed
to identify and measure with high precision cosmic
ray fluxes up to the TeV region. The feasibility of the
experiment was assessed with the first version of the
spectrometer, AMS-01, which operated during a 10day flight on board the Space Shuttle Discovery in
June 1998. The construction of the AMS-02 detector
began in year 2000 and fifteen countries from Europe,
Asia, and America have participated in its design and
construction. The Principal Investigator of AMS is
Professor Samuel C. C. Ting of the Massachusetts
Institute of Technology (MIT).

CIEMAT main contribution to the construction of
AMS-02 has been the design and construction of
the Ring Imaging Cherenkov detector (RICH) which
is designed to perform a precise measurement of
the velocity (Δβ/β ~ 0.1% for Z = 1) of relativistic
particles and nuclei up to Z=26. The measurement
of the Cherenkov light provides also a determination
of the charge (Z) of the particles. The RICH detector
(Figure 3.3.2) was assembled and tested at CIEMAT
and underwent all space qualification tests in Spain.
The CIEMAT group designed the DAQ electronics and
also developed and implemented the RICH onboard
software that performs the data acquisition sequence
and controls the initialization, configuration, calibration
and onboard monitoring of the detector. The ground
support software to monitor the response and status
of the detector was also developed by the CIEMAT
team. CIEMAT has led and coordinated the RICH
operation during the calibration and commissioning
of the detector on ground and, since the AMS
deployment at the ISS, CIEMAT has been responsible
for its maintenance and operation.
Regarding the offline software, CIEMAT made leading
contributions to the development and implementation
of several general purpose software packages for
AMS and is responsible for its maintenance and
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2016. After finishing the analysis of the proton and
helium cosmic ray fluxes, the systematic measurement
of the other light nuclei fluxes (Li, Be, B, C, N and
O) was initiated. The study has been carried out on
the 5-year sample and two main improvements have
been achieved with the analysis of the full sample:
- CIEMAT, in collaboration with MIT, INFN-Perugia
and University of Geneva, has developed in the last
years a novel position finding algorithm for the AMS
silicon tracker which improves the spatial resolution
to 5-9 μm for nuclei from Z=2 to Z=26 (NIM A869, 29
(2017)). This new algorithm has allowed extending
the energy range of nuclei flux measurements to 3.3
TV in the latest publications.

Figure 3.3.2: RICH detector during the assembly of
AMS at CERN in 2009

optimization. This software includes the simulation
and reconstruction, as well as the alignment and
calibration of the RICH detector; the alignment of
the external Tracker planes and the determination of
a global measurement of the electric charge of the
particles (Z) combining the measurements from TRD,
TOF, Tracker and RICH. In addition, in order to improve
the efficiency of intermediate and high energy particle
charges, CIEMAT developed an optimized trigger
logic which is now the nominal trigger configuration
of the experiment.
CIEMAT is playing a leading role in the analysis of
the ISS data covering the main scientific goals of the
experiment: analysis of the positron fraction for Dark
Matter search, measurement of the proton and nuclei
fluxes, measurement of light nuclei isotopes, search
for anti-helium and anti-deuteron nuclei, analysis of
anisotropies for several cosmic ray particles and the
study of propagation models. Currently, the PI of the
CIEMAT group is Deputy Spokesperson of the AMS
Collaboration.

3.3.1.2 Activities in 2016-2017
The activities of the CIEMAT group during the period
2016-2017, have been mainly focused on developing
specific software tools for data analysis and on
carrying out a wide scope of physics analyses. The
specific milestones achieved by the CIEMAT group
have been:
Nuclei fluxes and ratios. By the end of 2013, CIEMAT
together with LPSC, MIT and Taiwan constituted a
specific Working Group initially devoted to performing
precision measurements of proton and helium fluxes.
The first results were published in PRL in 2015.
Additionally, CIEMAT has been the leading institute
in the B/C fraction analysis published also in PRL in

- Using 5 years of AMS data, the CIEMAT group, in
collaboration with MIT, has been able to assess the
rigidity scale of the AMS tracker with an accuracy
of 1/30 TV-1 (NIM A869, 10 (2017)). Since the
knowledge of the rigidity scale is a major source
of uncertainty for the proton and nuclei spectra at
high rigidity, this new determination has provided
a significant reduction in the error of the flux
measurements in the latest publications.

Figure 3.3.3: Comparison of the secondary cosmic
ray fluxes (Li, Be, B) with the AMS primary cosmic ray
fluxes (He, C, O) as a function of rigidity above 30 GV.
For clarity, the horizontal positions of the He, O, Li,
and B data points above 400 GV are displaced.

The results of the light nuclei fluxes analysis (Figure
3.3.3) show that the secondary cosmic rays (Li, Be, B)
have similar rigidity dependence above 30 GV, as do
the primary fluxes (He, C, O) above 60 GV. The rigidity
dependences of primary and secondary cosmic ray
fluxes are distinctly different and do not follow a simple
power law. The detailed knowledge of primary and
secondary fluxes rigidity dependences is important
to study the origin of the hardening observed above
~300 GV. These results have been presented in
international conferences during 2017 and published
in PRL in 2017 and 2018.
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Isotopic composition of light nuclei. The precise
measurement of cosmic rays nuclei isotopes ratio,
such as 3He/4He and 10Be/9Be, provide important
constraints to the models for cosmic rays propagation
in our Galaxy. In the kinetic energy range from 1
to 10 GeV/n, AMS is able to measure the isotopic
composition of light elements thanks to the precise
measurement of the particle velocity provided by the
RICH.
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CIEMAT performed the study of the isotropy of
the positron arrival directions included in the first
AMS publication using ISS data in 2013. Later that
year, a complete program to measure absolute
anisotropies of different species was started. CIEMAT,
in collaboration with INFN-Milano and KIT-Karlsruhe
groups, has completed the anisotropy analysis
of positrons, electrons and protons on the 5-year
sample. No deviation from isotropy is observed and
upper limits on dipole anisotropy at the percent level
have been set.
The results have been presented in international
conferences during 2017. The current value of the
measured dipole anisotropy of cosmic ray positrons
with the 6 years of data, together with its projection
to 2024 and the expectations from a pulsar model for
the origin of the positron excess is shown in Figure
3.3.5.

Figure 3.3.4: Current measurement of the AMS helium
isotopic fluxes in cosmic rays together with previous
results

CIEMAT is leading the analysis of the isotopic
composition of light nuclei in AMS and has developed
several strategies and tools for the measurement of the
helium isotopes: a) unfolding of the rigidity distribution
measured by the tracker for “monochromatic” velocity
intervals (Δβ/β< 8 10-4 for Z=2) measured by the RICH;
b) deriving mass templates for 3He and 4He from MC
to fit the helium mass distribution observed in data;
and c) making use of the geomagnetic cutoff for
selecting data samples enriched in heavy isotopes to
derive data-driven templates for the isotope analysis.
The measurement of the 3He/4He fraction up to 10
GeV/n has been presented in international conferences
in 2017. A publication in PRL with the results on the
measurement of the 3He and 4He fluxes (Figure 3.3.4)
is expected in 2018. In addition, CIEMAT is extending
the methods developed for helium isotope separation
to the measurement of the D/p, 6Li/7Li and 10Be/9Be
fractions.
Cosmic Ray Anisotropies. Small anisotropies in the
arrival direction of Galactic cosmic rays can provide
valuable information on the origin of the structures
observed in their energy spectrum. In particular,
a compact source origin of the positron excess
observed by AMS should induce some degree of
dipole anisotropy in its flux. Likewise, modifications in
the propagation of primary cosmic rays, leading to the
spectral hardening observed above ~300 GV, could
also introduce sizable directionality in their measured
fluxes.

Figure 3.3.5: AMS measurement of the dipole
amplitude of the positron flux with 6 years of data (black
circle) together with the expectations from isotropy as
a function of the accumulated statistics in terms of
calendar years (yellow band). The expectations of a
pulsar model for the origin of the positron excess are
shown with a dashed horizontal line.

Propagation Studies. The precise AMS measurements
of the cosmic ray fluxes in the GeV to TeV range provide
benchmark data for the propagation models, such as
GALPROP, which is the state-of-the-art numerical
code for galactic cosmic ray transport and diffuse
γ-ray emission. In 2014, AMS initiated a collaboration
with the author of GALPROP code, Igor Moskalenko,
with the goal of interpreting the AMS results within this
framework as well as improving the model predictions
for the astrophysics backgrounds to the AMS dark
matter searches. CIEMAT is in charge of providing the
AMS measurements, the model predictions, and to
perform detailed comparisons eventually leading to an
AMS-based GALPROP parameter tuning.
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Figure 3.3.6: Antiproton to proton ratio (right) and positron flux (left) as a function of kinetic energy. AMS and
PAMELA measurements are compared to the computation for secondary production (Phys. Rev. D 94, 123007). The
positron excess cannot be accounted by pure secondary production in cosmic rays.

Additionally, CIEMAT group members, making use
of the latest AMS nuclei flux measurements, have
carried out improved calculations of antiparticle
spectra arising from secondary production (Phys.
Rev. D 94, 123007) and concluded that, although
the new AMS antiproton data could be marginally
accommodated with pure secondary production, the
positron excess requires the contribution of additional
unknown sources (see Figure 3.3.6).

anti-deuterons in cosmic rays. Low energy antideuterons from Dark Matter annihilation models are
expected to be more abundant at low energies than
those expected from cosmic ray collisions (see Figure
3.3.7). With the current data sample, several tenths
of anti-deuterons from secondary origin are expected
above few GeV/c. Therefore, AMS may be the first
experiment to detect anti-deuterons in cosmic rays.

Antinuclei searches. The observation of cosmic ray
antinuclei could provide the evidence of the particle
nature of Dark Matter. Annihilation processes of
Dark Matter particles may generate antiprotons and
antineutrons that can merge into heavier antinuclei
such as anti-deuteron or anti-helium of energies
below few GeV, whereas the secondary antinuclei
production is strongly suppressed at these energies.
Recent computations carried out in collaboration with
INFN (ApJ 844 (2017) L26) have addressed the AMS
sensitivity to detect secondary antinuclei in cosmic
rays.
CIEMAT has performed a search for anti-helium
in cosmic rays in the 3.7x109 |Z|=2 event sample
collected in 5 years of operation in space. Few antihelium candidates have been observed, with a mass
consistent with 3He, exceeding the expectations from
the MC simulations. Given their low rate (~1/year)
and the required helium rejection factor (1/109), more
data and detailed understanding of the instrument is
needed to ascertain the origin of the Z=-2 events.
Since September 2017 CIEMAT is leading one of
the two analysis groups set up for the search of

Figure 3.3.7: Expected anti-deuteron/antiproton ratio
as function of the Kinetic Energy per nucleon (Kn) from
anti-deuteron secondary production models and from
Dark Matter models.
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3.3.2 GAMMA RAYS PHYSICS: THE CHERENKOV TELESCOPE
ARRAY (CTA PROJECT) AND MAGIC
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3.3.2.1 Scientific goals and historical
background
The Cherenkov Telescope Array (CTA) will be the
major global observatory for very high energy gammaray astronomy over the next decades. It is designed
with an ambitious physics program in mind, covering
from the understanding of relativistic cosmic particles
to the study of cosmic voids on the largest scales.
This is possible thanks to an extremely wide range
in photon energy coverage, from 20 GeV to 300
TeV, a spatial resolution better than any instrument
operating above the X-band, and an improvement
of two orders of magnitude in the collection area
over current instruments. This is achieved in a cost
effective manner by employing telescopes of three
different sizes optimized for different energy ranges.
With 99 telescopes in the southern hemisphere and
19 telescopes in the northern one, the observatory will
operate in a flexible manner to maximize its scientific
output.
The expected performance of CTA allows exploring a
wide range of major questions in astroparticle physics,
which can be grouped into three broad themes:
i) Understanding the origin and role of relativistic
cosmic particles: Relativistic particles appear to
play a major role in a wide range of astrophysical
systems, from pulsars and supernova remnants
to active galactic nuclei and clusters of galaxies
However, the relationship between cosmic rays and
other interstellar components on these systems is
very poorly understood. CTA will provide the first
high angular resolution measurements of cosmic-ray
protons and nuclei in astrophysical systems, providing
insights into the processes of acceleration, transport
and the cosmic ray feedback mechanisms in these
systems.
ii) Probing extreme environments: Particle acceleration
to very high energies is typically associated with
extreme environments, such as those close to
neutron stars and black holes, or in relativistic
outflows or explosions. Very High Energy emission
from accelerated particles can therefore act as a
probe of these environments, providing access to

time and distance scales which are inaccessible in
other wavebands. Using the absorption processes of
gammas emitted in remote Very High Energy objects,
CTA will measure the star-formation history of the
universe and the magnetic fields in cosmic voids
down to values many orders of magnitude below the
reach of any other technique
iii) Exploring frontiers in physics: CTA will reach
the expected thermal relic cross-section for selfannihilating dark matter for a wide range of dark
matter masses, including those inaccessible to the
Large Hadron Collider (LHC). The long travel times
of gamma rays from extragalactic sources combined
with their short wavelength make them a sensitive
probe for energy-dependent variation of the speed of
light due to quantum-gravity induced fluctuations of
the metric down to the Planck scale. Each of these
effects would represent a very major discovery, alone
worth the effort of constructing and operating CTA.
The northern site of CTA has started its construction
in the Observatory del Roque de Los Muchachos.
The first CTA telescope to be deployed is devoted
to covering the lower end of CTA energy range in
the northern hemisphere. This telescope employs a
large mirror of 23m in diameter, and a camera with
electronics specially optimized to operate with very low
light intensities and signal-to-noise ratio, which allows
reaching an energy range overlapping with the one
from the Fermi space observatory. The construction
of this Large Size Telescope, or LST, started in April
2017 and is proceeding as planned (Figure 3.3.8).
The construction is being carried out by institutions
from Spain, Japan, Germany, France, Italy, Sweden,
Croatia, India and Brazil.
CIEMAT became member of the CTA Consortium in
2009, and since then we have been responsible for the
scientific design, engineering design and construction
of the camera mechanics and cooling system, and
for major elements of the trigger system of the LST
telescopes. This responsibility is recognized in the
current management organigram of LST subproject,
where CIEMAT holds the LST Camera Deputy
Coordination, as well as the LST Camera engineering
and LST Trigger coordination. In addition, CIEMAT
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Figure 3.3.8: Construction of the first LST structure

holds the Steering Committee Chair position of the
Medium Size Telescope project for the northern
hemisphere, MSTN, and is a member of the executive
board of this subproject aiming at the deployment of
the first MST telescope in the northern site in 2019.
In addition, to current main activity in CTA, our group
has been a member of the MAGIC collaboration
since 2010, where we have been involved in analysis
of galactic sources, development of analysis tools,
coordination of the software group and maintenance
of the on-site infrastructure. Since 2015, we have
concentrated our resources in CTA and, currently, our
participation in MAGIC is limited to providing on site
IT support.

3.3.2.2 Activities in 2016-2017
CTA mechanical activities
During 2016, the activities of the CTA mechanical team
at CIEMAT proceeded in two different lines. During
the first half of the year, CIEMAT was responsible for
the in house production of the body and axis of the six
bogies of the undercarriage of the first LST1. These
bogies were designed at IFAE, and the production
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was largely transferred to CIEMAT. The mechanics
engineering and technical CIEMAT team was in charge
of providing the production drawings, supervising the
production at the CIEMAT mechanical workshop and
verifying the compliance with specifications. During
the second half of 2016, the mechanical activities
consisted in the completion of the detailed design
and construction of the load bearing mechanics of the
camera of the first LST, a 3x3x1.5 cubic meters and 2
tons tight structure (see Figure 3.3.9). Our team also
performed mechanical stress tests on the camera
structure in order to guarantee that it will withstand
the expected forces of up to 20 kN transferred by the
camera support system. In addition, an integration
test with the mechanics of 35 front-end electronic
modules was performed with the collaboration of
other institutes and under the coordination of our
team.
During 2017, the activity has been related with the
assembly of different structural parts, the interface with
the telescope, the integration of the cooling system
internal elements, skin, etc. Elements provided by
third parties have also been integrated, like the power
distribution system, from IFAE, and the embedded
camera control, from LAPP. (Figure 3.3.10).
A key third party element is the camera transparent
front window, consisting of a 2.5 meters diameter dome
shaped PMMA sheet that closes the front part of the
camera. This element was provided by ICRR, and the
CIEMAT group has performed a detailed study of its
dimensions and mechanical properties, including the
effects of mechanical, thermal and pressure stresses.
The result of these studies allowed us to optimize the
design and production of the camera front door (see
Figure 3.3.11 left).
We have carried out extensive tests of the final cooling
system of the LST camera to characterize the camera
thermal behavior under the expected power dissipation
of about 8kW. Furthermore, we coordinated functional

Figure 3.3.9: From left to right: (1) View of the integration test of the core mechanics, produced in 2015, and the load bearing
structure around it. (2) Mechanical stress test of the load bearing structure. (3) Mechanical integration test of the electronics
modules with the core structure. (4) Cabling of the front-end electronics and the trigger distribution system for the electronics
interface tests.
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CTA electronics activities

Figure 3.3.10: images of the camera mechanics
during its integration at CIEMAT. (left) View of its rear
part. (right) View of the front with 29 detection modules
integrated for tests.

tests of the auxiliary electronics once integrated in our
auxiliary mechanics, before assembling and cabling
them. (see Figure 3.3.11 right).
In addition to these mechanical activities, we
produced and delivered the core mechanics for the
MSTN project during 2017. The CIEMAT design is
largely used for the NectarCAM camera of the MSTN
project under construction at CEA (Saclay).

Figure 3.3.11: (left) Picture of the pre-integration of
the dome window with the camera front door frame
mechanics. (right) Test of the embedded camera
computer at CIEMAT together with LAPP personnel.

The trigger system of the LST is optimized to identify
showers of low energy. It is based on analogue
signal processing and proceeds in four stages: 1) the
level-0 adds signals locally in groups of 7 pixels; 2)
the level-1 adds signals from different sets of 7 pixels
and compares the sum to a threshold; 3) the trigger
distribution synchronizes all trigger signals among the
camera; and 4) the trigger interface board looks for
coincidences between different telescopes. CIEMAT
is fully responsible for the design and construction
of the distribution system, and for the design and
implementation of the level-1 in an ASIC.
During 2016, our team characterized and delivered
300 level-1 ASICs for their integration in the first
LST front-end electronics (Figure 3.3.12 left). This
characterization included the properties of all the
channels of each ASIC operating in nominal conditions,
as well as a characterization of their evolution as a
function of the environment temperature. On the other
hand, a test batch of the distribution system boards
was produced with the latest hardware design of the
full trigger and front-end electronics chains (Figure
3.3.12 center). This characterization took place
simultaneously with the test of mechanical interfaces,
and involved 35 modules. CIEMAT was responsible of
all these tests. Our group developed a fully functional
slow control software package for the front-end
electronics and trigger chain, used later on in the
development of calibration algorithms.
During 2017, we have produced and characterized
the 300 boards of the trigger distribution system,
including spares, for the LST camera. These boards
allow distributing trigger and clock signals to and from
the read-out electronics using programmable paths
in daisy chain, requiring less cabling than the central
unit obvious solution. They operate using local delays
in such a way that level-1 produced simultaneously
in any two parts of the camera reach at the same
time, within less than 1ns, the trigger interface board
and vice-versa. To characterize the boards, a setup

Figure 3.3.12: (left) Microphotography of one level-1 asics designed at CIEMAT. (center) Test production of a batch of 49
boards of the trigger distribution system. (right) Setup for the characterization of a single trigger distribution board, the one in
the middle, with respect to all possible signal distribution schemes.
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simulating all possible signal distribution scenarios for
a single board has been designed and built in 2017
(Figure 3.3.12 right). In addition, a setup simulating
one full path of the distribution, including the frontend electronics, has been prepared and used to
develop the delay lines calibration algorithms, and to
characterize their behavior in the camera environment.
On top of all that, the firmware used to fulfil the
requirements for the distribution system has been
improved and prepared for operation in the camera.
Regarding the level-1 ASIC, in 2017 we have been
working in improving the characterization setup in
order to deal with larger productions, foreseen for
future cameras. This improvement includes the design
of a cheap and reliable nanosecond pulse generator
used to inject signals to the ASIC.
Monte Carlo studies and analysis methods
In the last five years machine learning methods have
made an impressive progress in image analysis. The
application of these methods in big-data astronomy,
such as CTA, is an exciting new area of research. At
CIEMAT we have been working in this area for two
years. Using Monte-Carlo data, we train machines to
estimate the image from the Monte-Carlos parameters
and vice versa, in order to assess the potential to
improve the resolution over the default reconstruction
algorithms.
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During 2016 and 2017, we have been studying the
energy and gamma ray direction reconstruction
using directly the images of two, three or four LST
telescopes observing the same shower, by applying
deep learning methods. In spite of the lack of preprocessing, the achieved resolutions are close to that
of standard methods at low energy. However, further
efforts are required if we want to improve the results
from standard reconstruction methods.
In parallel, we have built a fast simulation of the images
given the shower parameters by means of shallow
networks, Gaussian processes and hybrid methods. In
this framework, a minimization approach can be used
to reconstruct the parameters, with the advantage
over the previous one of its larger robustness over the
disagreement between real data and Monte-Carlo.
During 2017, we have been devoted to optimize the
estimation method and reduce its possible bias.
In addition, our group participated during 2016
and 2017 in the general CTA Monte-Carlo studies
regarding the potential of CTA to constraint dark matter
annihilation models, in particular in the region of the
Large Magellanic Cloud (LMC). To do so, we have built
a model of the background baryonic emission using
catalogues from Fermi-LAT and H.E.S.S., accounting
for point like sources, extended sources and diffuse
emission from the interstellar medium. The model is
being used as input for the CTA analysis tools. The
goal is to simulate the observation of the LMC region
and try to find the potential CTA performances on
dark matter detection for different profiles and masses
of the dark matter particle.
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3.4 OBSERVATIONAL
COSMOLOGY
In 2006, the CFP Unit incorporated an advanced line of research in Cosmology, thanks to
the expertise from physicists and engineers trained in the HEP field. Since then, we have
shifted responsibilities from construction to analysis in the DES and PAU surveys, and
are currently taking steps for participating in future world-leading projects. On the other
hand, the interpretation of observations of the intermediate and high redshift Universe,
which are used in Cosmology, need to be calibrated locally. Project Starbursts was
proposed around this goal, with the intent of producing important results also useful for
the research goals of our Unit.

3.4.1 DARK ENERGY PROJECTS
Research staff

F. J. Rodríguez, E. Sánchez, J. de Vicente (coll.)
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3.4.1.1 Scientific program and Goals
One of the most outstanding issues in the current
landscape of fundamental physics is the explanation
of the driving force behind the observed acceleration
of the Universe, dubbed as dark energy. Several
international collaborations have proposed diverse
instruments in the last 10-15 years to make large scale
observations up to galaxy redshifts of ~1, where this
acceleration has been observed to be predominant in
the dynamics of the Universe.
Several observational probes were identified as the
most promising by an ad-hoc task force (arXiv:astroph/0609591 (2006)) in order to identify the nature
of dark energy, or to ascertain whether we are
misunderstanding how gravity works on the largest
scales. These probes include the statistical analysis
of the correlation of galaxy positions and shapes as
a function of redshift, building a complete census
of galaxy clusters in mass and redshift bins and
accumulating statistics of supernova data, prolonging
to high redshifts (>1) the Hubble diagram that originally
led to this discovery. Tackling this problem with these
somewhat independent and complementary probes,

jointly with measurements of the cosmic microwave
background, was deemed to be the best approach.

3.4.1.2 Historical background
In this context, arose the Dark Energy Survey project
(DES), as a major effort by the international cosmology
community to nail down the fundamental nature of
dark energy. The project (arXiv:astro-ph/0510346
(2005)) consists in constructing and exploiting a large
570 Mpixel CCD camera (DECam (AJ 150 (2015) 5,
150), see Figure 3.4.1) using the Blanco Telescope
at CTIO (Chile). This was carried out by a consortium
of astronomy and high energy physics research
institutions and university departments from several
countries, led by Fermilab (USA). The survey has
been designed to cover 5000 square degrees of the
southern sky following a multi-tiling approach in five
different photometric bands in the optical and infrared
part of the electromagnetic spectrum. Part of the area
is observed weekly in order to produce difference
imaging for supernovae characterization and followup. This way, it is expected that the final collection
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of observed sources will comprise an unprecedented
set of 300 million galaxies up to redshifts of ~1.4 (for
studies of large scale structure and weak lensing),
thousands of clusters (to study the clustering of
matter as a function of time) and thousands of
supernovae (which allow a precise mapping of the
distance-redshift relationship). The camera has been
taking data for approximately 105 nights per year
since 2012 and will do so in the context of this survey
until 2018.
Following an alternative development path, several
Spanish groups joined to conform the PAU Survey
project, to build and exploit a specialized camera
(PAUCam), following an agreement signed with the
William Herschel 4m telescope at the international
Roque de los Muchachos observatory in La Palma.
The main goal of the PAU Survey at the William
Herschel (PAUS) is to profit from the unique capabilities
of PAUCam: a narrow band filter photometric camera
with 40 filters covering the optical and infrared
spectral range from 400 nm to 1000 nm, and specially
designed Hamamatsu CCDs with increased sensitivity
in the red end. We can use the camera to perform
accurate pseudo-spectral analyses of existing broadband surveys and provide accurate redshifts (σ68
~0.35%) for the objects contained therein. This can
provide important constraints on studies of intrinsic
alignments, an important weak lensing systematic,
and galaxy properties as a function of redshift, in
order to understand their luminosity function. Since
then, the quality of the camera that we have delivered
has facilitated the expansion of our team to other
leading institutions in Europe, namely UCL in London,
Durham University, ETH-Zurich and Univ. Leiden.
This fact, in conjunction with the complementarity
that these photo-z measurements can provide to
future facilities such as Euclid, has allowed the PAUS
member institutions to obtain an H2020 grant for the
period 2018-2020 to keep developing this synergy.
In the context of DES, CIEMAT became part of this
project early in 2006, in partnership with other major

players of the Spanish cosmology community: IEECICE, IFAE (Barcelona) and the Universidad Autónoma
de Madrid. The major hardware contribution from the
group consisted of the design of the clock and bias
boards of the CCDs (74 in total, see Figure 3.4.1), and
the production and testing of the entire electronics
set of the camera, including readout. The master
control board electronics (controlling not only the
aforementioned clocks for the CCDs, but also readout
and communication with higher level control) were
also co-developed, in partnership with IFAE. These
designs and production met with tight requirements
imposing a 10 e- noise limit for a maximum readout
time of 17 seconds. Additionally, there were spatial
constraints to supply 1110 clock signals and 518 bias
voltages into the densely packed focal plane where
the CCDs lie, at the same time extracting 148 video
signals (each CCD has two amplifiers). The main effort
therefore was the redesign of the Monsoon system
of data acquisition from CCDs to comply with these
requirements. In total, more than 80 boards were
designed, produced, tested and shipped to Fermilab,
for integration during 2010. The group was also part
of the effort in characterizing the CCDs at Fermilab’s
premises, where DECam was being assembled.
Another of the major components of the DES
infrastructure outside the camera itself is the Data
Management project, in charge of collecting,
processing and distributing the data products from
DECam (imaging and associated metadata). The
camera produces nightly approximately 300 GB
in data, which finally ends up producing several TB
of catalogs and almost 1 PB of total information. A
crucial step towards delivering top quality science is
the characterization and vetting of these catalogs.
CIEMAT has played a central role in understanding and
improving the dataset, and has effectively become a
part of the Data Management team (arXiv:1801.03177
(2018)).
CIEMAT has also participated as a core member in
the construction of PAUCam: in the design and test

Figure 3.4.1: (left) The DECam camera for DES installed at the telescope just prior to commissioning; (right)
one of the clock boards designed and built by CIEMAT as part of the electronics of DECam (white boxes
around the camera structure in the photograph).
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of electronics, CCD and filter characterization and
building several support fixtures such as the camera
transport carriage and the active cooling unit for the
electronics (Figures 3.4.2 and 3.4.3).
PAUS has been taking data since 2015 for
approximately 40 nights per year, participating in
competitive requests for observation time, and will
continue to do so until at least 2019. CIEMAT has
been participating in the data taking efforts as shifters
and support for observations.

3.4.1.3 Science Highlights and
Activities in 2016-2017
From the very first catalogs and images produced by
DECam in the Science Verification period, we have
participated/led work on weak lensing magnification
(MNRAS, 476 (2018) 1, 1071-1085) and clustering

(MNRAS, 455 (2016) 4, 4301-4324) paving the way
for forthcoming analyses and starting to understand
the major effects and methods to be employed (Figure
3.4.4). In these works, the potential of the full survey
is explored by measuring with just a fraction of the
final dataset, the relationship between the distribution
of galaxies and matter in the cosmos, as a function
of its age (the so-called galaxy bias). This value is
an important nuisance parameter that needs to be
measured as precisely as possible to obtain the best
cosmological constraints possible. Measuring weak
lensing magnification on the other hand, a project
spearheaded by members of our group, opens up the
possibility of studying clustering at small scales which
can sensitively probe any deviations from general
relativity that can help unveil the reasons behind
cosmic acceleration.
Since then, DES has produced outstanding results
in astronomy and cosmology using only 20% of the
data (Year 1), made public in 2017. These results

Figure 3.4.2: Results from the calibration of the PAU filters at CIEMAT, showing the precise profiles of these
narrow passbands, necessary for accurate photometric redshifts (from Proceedings of the SPIE, 9908,
(2016) 99084K).

Figure 3.4.3: (left) PAUCam (instrument in the upper left) installed at the prime focus of the William Herschel
Telescope. (right) CCD electronics and testing facility at CIEMAT.
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Figure 3.4.4: (left) Measurement the galaxy bias, the relationship of matter and galaxy over-densities, using galaxy maps
at different redshifts through their 2 point auto-correlation function, in the DES Science Verification data. Two very different
photo-z codes have been checked for robustness; (right) Measurement of the effect of cosmic magnification in DES Science
Verification data, by cross-correlating samples of galaxies very far away in redshift. Cross-correlation should be null in
absence of weak lensing. The results for several samples in different bands are shown.

represent the most precise combination of datasets
that the community has to offer, by pinning down the
matter density and scale of fluctuations to less than
4%, as well as lowering the uncertainty of the dark
energy equation of state to a few percent in two of
the most common scenarios for cosmological models
(arXiv:1708.01530 (2017)). This has been achieved by
using the combination of clustering and weak lensing
only, leaving plenty of room for improvement as area,
depth, data quality and additional probes are added to
the analyses. Seven major papers describe these first
results and CIEMAT physicists co-lead one of them
(ApJS, 235 (2018) 2, 33), regarding the creation and
validation of the cosmology dataset (Figure 3.4.5).
We are also leading the development of the cosmology
data sample for public release DR1 (arXiv:1801.03181
(2018)) and the next cosmology catalog comprising
the first three years of data. For Year 1, we are
responsible for creating and understanding the BAO
sample (arXiv:1712.06211 (2017)), results which are
shown in Figure 3.4.6. The analysis of Year 3 data on
the other hand, will provide ample opportunity to try
out the techniques developed and published by the
CIEMAT cosmology group with SDSS data to search
for the BAO signal. We have now started to make
progress towards a significant contribution in the
next round of more general Year 3 cosmology results
as well, in particular, in the measurement of galaxy
clustering at different redshifts and its combination
with other cosmological probes.
The Dark Energy Survey has also contributed to
one of the major astronomical discoveries of the last
decades, as part of the program of electromagnetic
follow-up of gravitational wave events, measured by

the LIGO-VIRGO consortium since 2015. CIEMAT has
participated directly in the data-taking step during one

Figure 3.4.5: (top) Distribution of galaxies in celestial
coordinates for DES-Year 1; (bottom) First results for
the LCDM model from DES-Year 1 data, showing
the most powerful constraints on matter density and
fluctuations to date.

MdM-CFP. REPORT OF ACTIVITIES 2016-2017

42

of these events and co-authors the papers that relate
the strategy and model fitting of these counterparts
(ApJL 848 (2017) 2, L16; ApJL 848 (2017) 2, L17,
Figure 3.4.6).
One of the major sources of systematic error that
a photometric survey has to deal with is redshift
estimation (imaging does not allow for an accurate
determination of this quantity). In this sense, since
the beginning the CIEMAT team has contributed
to the redshift working group of DES, and these
developments have translated into several papers
(the most recent being MNRAS, 459 (2016) 3, 30783088). We have also strived to improve other aspects
of the analysis by building new tools to classify objects
and cross-correlate data samples, using machine
learning techniques and new GPU-based platforms,
in collaboration with the Scientific Computing Unit of
our group (see MNRAS, 450 (2015) 1, 666-680; CPC,
222 (2018) 158-166 for some recent examples).
Concerning PAU, the survey has just collected
enough data to start making a solid evaluation of
the precision of the photometric redshifts and the
first results are encouraging, showing that more than
50% of all galaxies have a precision below 0.035% in
terms of the dispersion with respect to spectroscopic
redshifts, therefore enabling the possibility of starting
the science cases during 2018 (Figure 3.4.7).
Members of CIEMAT have had, during the last ten
years, diverse responsibilities within the DES and
PAUS Collaborations. Most recently, in 2016-2017,
as leads of the Membership and Science Release
groups, and members of the Management, Executive
and Science Committees. We also have led in this
period one of the Analysis Groups (Weak Lensing
magnification). In PAU, one of our members is part of
the founding Management committee.

Flux

Figure 3.4.6: (top) The DES BAO signal for Year 1
Data, expressed as the ‘excess’ of correlation between
galaxies at the 110 h-1 Mpc scale (after subtracting
the BAO component from the best fit model). CIEMAT
has participated actively in the construction of the
catalogs and sample; (bottom) The gravitational
wave (neutron star collision) counterpart in the optical
spectrum, observed by DECam a few hours after the
event.

Wavelength

Figure 3.4.7: (left) Photometric redshift accuracy from different runs of PAUS data. Different colors indicate percentage of
‘best’ galaxies in the sample. Red curve (50%) should eventually lie below the dashed horizontal line, according to PAU
scientific requirements. (right) Example galaxy spectrum derived from the 40 narrow band filters, compared with true spectrum
(black line) measured by a spectrograph (from the SDSS project).
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3.4.2 THE STARBURSTS PROJECT
Research staff

M. Mollá

PhD Students

M. E. Moreno Raya

3.4.2.1 Scientific program and Goals
Starbursts play a key role in the cosmic evolution
of galaxies, and therefore, in the star formation (SF)
history of the universe, the production of metals, and
the feedback coupling galaxies with the cosmic web.
Extreme SF conditions prevail early on during the
formation of the first stars and galaxies; therefore, the
starburst phenomenon constitutes a fundamental
ingredient of our understanding of the Universe since
the initial phases of creation of stars. Starbursts are
observed ubiquitously, from the giant HII regions in
nearby spirals, to the massive clumps typical of high
redshift objects. This project is aimed at carrying out a
comprehensive study of the physics of local massive
SF regions in order to enlarge our understanding of the
most distant galaxies and most extreme Starbursts.
Our research is structured around five main objectives:
1) The interplay between massive SF and the
interstellar medium within galaxies.
2) Understanding the formation of disk galaxies.
3) The role of the environment on the massive SF and
evolution of galaxies.
4) Extreme star-bursting in the Universe.
5) Participation in the science verification and building
of new instrumentation.
The main results expected from this project include: i)
constraining the chemical evolution of galaxies using
a combination of integral-field spectroscopy and fully
bi-dimensional models; ii) understanding the role of
molecular gas and high-energy background photons on
the formation of galaxies; iii) developing a technique to
image the cosmic web gas that feeds the Starbursts; iv)
characterizing the chemical and dynamical properties of
the gas that is falling into the galaxies; v) deciphering the
different ways in which the environment can affect the
SF in star-forming galaxies along cosmic time, paying
especial attention to the triggering of violent SF bursts
in the lowest metallicity galaxies; vi) explaining how very
massive and compact Starbursts may evolve in the socalled positive feedback mode, accounting for extreme
Starbursts in local galaxy analogues to the objects
present in the primeval universe; vii) understanding
the SF in Ly-α and Ly-break galaxies; viii) constraining
the existence of candidate stars analogue to Pop-III in
extremely metal poor galaxies, both in the local universe
and at high redshift; ix) developing the knowhow needed
for an effective use of EMIR and MEGARA. We also

aim at getting the most from these new instruments by
leading science cases during the verification phase and
later on.
The main tasks of our group within the Starbursts project
are updating our galaxy evolution models: MulChem for
the chemical evolution modelization, and PopStar for the
evolutionary synthesis models. In particular, we want to
include a realistic modelization of the SF process, which
involves molecular cloud formation, analyzing the role
of the most energetic photons, cosmic rays (CR) and
the magnetic fields, which may affect to both types of
codes. The project will undertake a realistic study of the
SF related to high energy phenomena, which is directly
related to other projects being currently developed in our
group with expertise in CR studies and γ radiation.
We would also like to explore the origin of the strong,
non-thermal emission of the so-called starburst
galaxies, by making observations with CTA and radio
observatories of the γ and long wavelength components
for the same sample of objects. Then we would make
predictions for the radio emission using a modified
version of the GALPROP code (ApJ 509 (1998) 1, 212228). The inputs to this code may be obtained from
our evolutionary galaxy models applied to the starburst
galaxy conditions, while the source abundances might
be deduced once the Milky Way model can reproduce
the AMS data. The combination of expertise and data
from different experiments within our group will be useful
to understand this type of galaxies.

3.4.2.2 Historical background and
current status of the project
The Starbursts project begins as a collaboration in
2004 with the participation of three institutions, the
Instituto de Astrofísica de Andalucia (IAA) in Granada,
the Instituto de Astrofísica de Canarias (IAC) in Tenerife
and the Universidad Autónoma de Madrid (UAM) with
the purpose of studying the physics of these starburst
phenomena, in which a large quantity of massive stars
form simultaneously with a high star formation rate
(SFR). In 2010 CIEMAT joined this project with the
purpose of studying how the existence of these young
massive stars may modify the observational data.
Since the project studies in detail galaxies with recent
Starbursts, it implies there are still living young luminous
stars (of very short life) able to ionize the interstellar
medium. This photoionization phenomenon produces
emission lines on the spectra and from their analysis it
is possible to deduce the metal abundance of these
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The CIEMAT participation in this project refers to:

3.4.2.3 Science highlights
(2016-2017)
Research on starburst galaxies within our group in
CIEMAT during 2016 and 2017 has developed around
two main objectives: 1) analyzing how the creation of
massive stars and the subsequent photoionization of
the gas and ejection of elements, affect observational

−20
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SN absolute magnitude

galaxies. We would like mainly seeing the effect on the
spectral energy distributions and the corresponding
broadband magnitudes and colors (usually computed
for old stellar population), and also the changes on
elemental abundances, when stellar winds, WolfRayet, and other type of young stars are carefully
included in the scenario. Our methodology is based
in doing observational studies, and then comparing
them with our self-consistent theoretical models.
Among the observational facilities, the team is directly
involved in the development and scientific exploitation
of the GTC (Gran Telescopio de Canarias, Canary
Great Telescope) instruments EMIR and MEGARA,
which will be operational during the timespan of the
project. MEGARA (Multi-Espectrógrafo en GTC de Alta
Resolución para Astronomía) is a facility instrument
designed for the 10.4m GTC telescope in La Palma
(Spain). CIEMAT through this group is part of this
consortium participating in the Science Team.
1) To estimate, from the emission lines, the elemental
abundances of the galaxies hosting type Ia
supernovae (SN-Ia) to determine if the magnitude of
those SNs-Ia has a dependence with the abundance
in metals of the host galaxy, what may be important
to obtain the errors of the cosmological model
parameters.

3) Analysis of galaxies in 2 dimensions with data
proceeding from spectro-photometric surveys as
CALIFA or MEGARA in which we also participate, as
from the point of view of the calculation of models in
2D, necessary for the correct interpretation of those
data. We also participate in the development of new
instrumentation to perform better spectroscopic
surveys.
4) Other analyses for bulges, barred galaxies, massive
stellar clusters.
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2) Massive spiral galaxies of the local Universe show
negative abundance radial gradients. This feature
is related with the infall of gas to form disks. The
radial distributions of elements as O, C, N, S or
Ne are obtained from the HII region and planetary
nebula observations. Combining both type of data
it is possible to study the time evolution of these
distributions since HII regions give information
about the present time abundances while planetary
nebula inform to us about the abundance some
billions of years ago. We may use our chemical
and spectro-photometric evolutionary models to
study the evolution of the abundance radial gradient
for galaxies of different masses and types and its
relation with the infall of gas in their disks.

−18

−19.5

−19.0

−18.5

−18.0

Figure 3.4.8: Top. SNe Ia absolute magnitudes,
MB, as a function of oxygen abundances estimated
with the O3N2 parameter for our sample. Triangles,
squares and circles indicate the method used to
derive distances: Tully-Fisher, PNe Luminosity
Function or Tully-Fisher and Cepheids, respectively.
The color indicates the type of SN Ia as labeled.
Bottom. The same plot considering only normal SNe
Ia. The green solid line is a second-order polynomial
fit to the data. The purple solid line is a second order
polynomial fit to four metallicity bins. Short-dashed
purple lines represent the 1-σ uncertainty to this
fit. Blue and red horizontal solid lines provide the
averaged value in the low and high metallicity regime,
respectively, with their 1-σ uncertainty shown with the
pale blue and red areas.
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quantities, which are used to interpret and analyze the
evolution of galaxies and make cosmological constraints;
2) understanding the formation of disk galaxies.
Concerning 1), we have worked in a project (which
has been part of a PhD) to analyze the dependence of
type Ia supernova luminosities on the metallicity of their
host galaxies. In our approach, we divide the redshift
range in three: local universe (z<0.03); intermediate
redshift galaxies (0.03< z < 0.5), and a higher redshift
range (z>0.5). We have observed 28 galaxies in the
local Universe, and we have demonstrated (ApJL 818
(2016) 1, L19; MNRAS 462 (2016) 2, 1281-1306,
Figure 3.4.8) that data show a correlation, with an
80% of chance of not being a random fluctuation,
between supernova Ia absolute magnitudes and the
oxygen abundances of their host galaxies, in the sense
that SN-Ia luminosities tend to be higher for galaxies
with lower metallicities. We have also analyzed a
set of almost 300 galaxies hosting supernovae Ia at
intermediate redshift, from the SDSS-II/SNe Survey,
carefully estimating the oxygen abundances for this
sample of galaxies from the measure of emission
line intensities in their spectra (MNRAS 476 (2018) 1,
307). We determine the O abundances by empirical
calibrations, finding a trend of decreasing oxygen
abundance with increasing redshift. Moreover, we
analyze the dependence of the HD residuals (HR) with
the galaxy oxygen abundances and stellar masses,
obtaining that the HR vs Oxygen abundance shows
a slope of ~0.1 mag dex-1, in good agreement with
theoretical expectations and with other observational
results, and implying a smaller distance module for
SNe Ia in metal-rich galaxies. Based on our previous
results on local SNe Ia, we claim that this fact is due
to the lower luminosity of the SNe Ia produced in
more metal-rich environments. We are now preparing
new observational proposal to continue with this work
estimating the abundances in higher redshift galaxies,
which implies to take data in the infrared band.
Concerning 2), we have updated our chemical
evolution models (MULCHEM) to include the most
recent knowledge about the relationship between
disk and dynamical masses. We have computed the
necessary infall rate of gas to spiral disks, including
the radial and time dependence (MNRAS 462 (2016)
1329-1340), finding that it is smoother in all radial
regions than in our old models. Furthermore, we had
also included the most recent nucleosynthesis stellar
yields and initial mass functions of stars, to obtain the
best combination able to reproduce the elemental
abundance data in our Local Universe (MNRAS 451
(2015) 4, 3693-3708). Finally, we have also included
new prescriptions to form molecular clouds, --with
which stars form-- (MNRAS 468 (2017) 1, 305-318).
Once updated the code, we have computed a set of
evolutionary models for spiral galaxies with dynamical
masses between 1010.75—1013.00 solar masses,
suitable to interpret observations of isolated galaxies.
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An important result corresponds to the evolution of
the radial gradient of abundances, now a hot current
topic in the galaxy evolution field (arXiv.161203348
(2016); IAU 323 (2017) 245; HSA (2017) 9, 42) as it is
directly related with the formation of galaxies and the
way in which the gas goes in the disks.
We have also worked in 2D models of galaxies that
are being developed as part of a PhD in collaboration
with the University of Nairobi, and have continued
our collaboration with the Brazilian group over the
evolution of bulges and barred galaxies.
One of our currently, most important tasks is to
develop our evolutionary synthesis model PopStar
(MNRAS 398 (2009) 1, 451-470), to include high
spectral resolution stellar libraries, and analyze
particularly the impact of high energy contributions,
and the role of binary stars, magnetic fields and
hot gas to the spectral energy distribution, as the
corresponding magnitudes and colors. We will also
add the emission lines and nebular continuum in the
broadband magnitudes. This contribution has been
demonstrated important in the local galaxies studies
(A&A 603 (2017) A63). Taking into account that the
star formation was higher in the past, this component
will be more important for high redshift galaxies. The
impact of these new spectral energy distributions on
the observed evolution of galaxies will be the final goal
of the work. This task is part of our participation in
MEGARA, already installed at GTC by the end of 2016,
and now offering two different observing modes to the
community, the Large Compact Bundle (LCB) mode,
an Integral Field Unit (IFU) covering 12.5” x 11.3” on
the sky with a spaxel size of 0.62” and a Multi-Object
Spectroscopy (MOS) mode that allow observing 100
objects in a region of 3.5’ x 3.5’ around the LCB IFU.
During the commissioning phase we have already
taken some spectra of stars of different types, which
will form part of a stellar library of high resolution to
include in our HR-PopStar code. We show one stellar
spectra in Figure 3.4.9.
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Figure 3.4.9: Spectrum for a K1III star as observed
with MEGARA
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3.5 DETECTOR R&D
The CIEMAT FP Unit has developed a large research program in detectors for particle
and astroparticle international experiments for decades. At this moment the Unit is
deeply involved in detector R&D and construction for different experiments, as already
described in the previous sections. In this section we will refer essentially to the present
activities in the main tasks which were explicitly defined in our MdM scientific goals
within the line of detector R&D.

3.5.1 CALORIMETRY FOR DETECTORS AT FUTURE COLLIDERS
Research staff

M. C. Fouz

Scientific Postdocs J. Puerta
Engineers

D. Belver, E. Calvo, J. Marín (coll.), J. J Navarrete (coll.), A. Verdugo

Technicians

J. García, J. J. Martínez, J. C. Puras

An important part of the present detector R&D effort
at CIEMAT is related to the development of very highly
segmented hadronic calorimeters. The idea of having
calorimeters with a high segmentation, both laterally and
in depth, comes up to face the high precision needed
for the jet energy resolution in possible future e+e- linear
colliders, where it must be improved by a factor two
with respect to the one provided by the present collider
experiments. To achieve this, a solution could be the
so-called particle flow approach (PFA). A typical jet
is composed of ~60% charged particles, ~ 30%
photons and ~10% neutral hadrons. The photons
are measured in the electromagnetic calorimeter with
resolutions better than 20%. The neutral hadrons leave
signals mainly in the hadronic calorimeter with a poor
resolution, but they represent only the 10% of the jet
energy. If the charged particles are measured only in
the tracker with an almost perfect resolution and its
contribution is removed from the calorimeters (in order
to not to add it to the neutral hadrons) the resolution
of jets can be improved dramatically. Therefore,
this concept requires the individual reconstruction
of all visible particles in the event. This implies new
calorimeters having strong tracking capabilities
allowing to associate the hits in the calorimeters to the
corresponding ones in the tracker. This imposes a very
high granularity, both transversally and in depth.
The PFA has been already used in the LHC detectors,
but they are not optimized for it. CMS for example,
has an excellent tracker but the segmentation of the
calorimeters is far from being the best one for following
this approach.
The international R&D CALICE Collaboration is
undertaking a major program of calorimetry R&D

on finely segmented electromagnetic and hadronic
calorimeters. The CIEMAT group is part of the
collaboration since 2007. Along more than one
decade the collaboration has built different calorimeter
prototypes extensively tested with particle beams that
have proven the viability of the different technologies
for highly segmented calorimeters and have shown its
big potential for providing excellent jet resolution using
PFA.
Even if the CALICE collaboration R&D started having
in mind the future e+e- linear colliders namely the ILC
(International Linear Collider), these technologies can
be adapted to other colliders. A good example is the
decision taken by the CMS experiment during 2016 to
choose a high granularity calorimeter for the upgrade of
the endcap region in view of the HL-LHC. This calorimeter
is based on the Silicon-ECAL and Scintillator-HCAL
prototypes developed by CALICE. The adaptation to
CMS requires some changes, in particular, the need
of using a new version of the electronics able to cope
with the special very demanding characteristics of the
HL-LHC operation.
CIEMAT has worked in the tests of Silicon-ECAL and
Scintillator-HCAL prototypes but its main contribution
is related to the SDHCAL (Semi Digital Hadronic
Calorimeter). The SDHCAL is a sampling calorimeter
using GRPCs (Glass Resistive Plate Chambers) as
active medium. The GRPCs are read by 1x1cm2 pads
located in one side of a Printed Circuit Board (PCB).
The top part of the PCB supports and interconnects
the readout chips (HARDROC). This guarantees a
very compact design in spite of the large number of
needed channels. The GRPCs and the associated
electronics are assembled inside of a stainless-steel
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cassette that is introduced in between the absorber
plates. The SDHCAL incorporates a novel concept:
instead of recording the deposited energy it will record
in how many pads, and in which ones, energy bigger
than certain thresholds has been deposited. Three
thresholds are used to avoid the possible saturation
effects at higher energies obtained with a pure digital
readout.
CIEMAT has been part of the SDHCAL R&D since the
beginning, being one of the major contributors to the
project together with the IN2P3 of Lyon, starting from
tests of individual GRPCs and later on participating
in the building and testing of a ~1.3 m3 calorimeter
prototype. This small prototype, with 48 GRPCs
of ~1x1m2, has about half million of channels, more
than the total number of calorimetry channels in CMS
(<100000) + ATLAS (<200000). This prototype has
been tested with particle beams at CERN in different
campaigns, the last one during September 2017 (see
Figure 3.5.1 left). A combined test with the CALICE
Silicon ECAL is foreseen in September 2018. The
results show not only a reasonable energy resolution
but, what is even more important for PFA, a huge and
unprecedented capability of track reconstruction. In
Figure 3.5.1. center one can see a hadronic shower
recorded by the prototype in one of the test beams
showing a high tracking precision never achieved so
far by a calorimeter. The red lines over imposed in
the figure correspond to the track identification and
reconstruction done by using a Hough transform
technique. For those reasons, the SDHCAL is one of
the two options considered for the hadron calorimeter
of the ILD (International Large Detector) for the ILC,
and also for the Chinese CEPC-SppC detector.
CIEMAT is one of the institutes in the ILD Collaboration,
and a member of our group has been one of the editors
of the chapter on calorimetry in the TDR (Technical
design Report) of the ILD detector. One person of the
CIEMAT group is also member of the ILC infrastructure
and planning working group.
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The SDHCAL design for the ILD requires GRPCs up
to ~3x1m2 and the next goal is to build a mechanical
structure of 4 stainless steel plates 15mm thick, (acting
as the calorimeter absorber) assembled together using
spacers providing three holes to introduce/extract
safely three cassettes with 3x1m2 GRPCs and a new
improved version of the electronics.
Following what happened with the previous 1.3m3
calorimeter prototype, the CIEMAT group is leading
all the activities related to this new and more
challenging mechanical structure. The dead spaces
and deformations have to be minimized as much as
possible having in mind the final design for the ILD, and
non-negligible R&D on this part is still needed.
First, a very high precision on the thickness and
planarity of plates (<1mm) and spacers is needed. The
plates that can be obtained in the market do not fulfill
the planarity requirements (only several mm can be
achieved). The approach of further machining used for
the previous prototype presents important difficulties for
the 3x1m2 plates and, in addition, the price increases
by more than a factor 3 with respect to the bare plates.
The option of using a row leveling machine seemed
more suitable and cheaper. Several tests have been
done in collaboration with ARKU Maschinenbau GmbH
(a company leader for precision levelers in Germany).
After optimizing the procedure, the results showed a
reduction in planarity from 3mm to values below 1mm.
Furthermore, in order to assemble the absorber plates
and the spacers, two possibilities are envisaged:
either using bolts or welding. Due to the weight of the
structure, the big size of the needed bolts will introduce
extra dead spaces, and in addition the robustness is
worse than the one achieved by welding. However, the
standard welding introduces extra deformations that
can force to increase the tolerances in between the
plates and in the integration with the other systems in
the detector, leading to extra dead spaces in depth.
These deformations could be reduced by using electron
beam welding technology. The high collimation of the

Figure 3.5.1: (left) 1.3 m3 SDHCAL prototype in a test beam at CERN. (center) Shower produced in the SDHCAL by a pion, red
lines correspond to the offline identification and reconstruction of individual tracks in the shower. (right) Mechanical structure
of a new prototype with four 3x1m2 stainless steel absorber plates pre-assembled at CIEMAT.
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beam allows to concentrate the heating in a small
area thus reducing significantly the deformations.
Different small prototypes have been already welded
using different parameters and welding sequences, to
optimize the procedure. The final structure is expected
to be assembled before the end of 2018. Figure 3.5.1
right shows the stainless steel plates pre-assembled
at CIEMAT. This work is part of the AIDA2020 UE
infrastructures project. A member of the CIEMAT group
leads the WP 14.5 task (“Mechanical and thermal tools
for innovative calorimeters”).
For this new prototype, some parts of the electronics
are being redesigned in order to include new features,
and improve compatibilities with other systems. One
of those parts under the responsibility of CIEMAT is
the so-called DIF (Detector Inter-Face). This activity is
done in collaboration with members of the CIEMAT
Technology Department. The DIF board will take
care of the configuration and signal readout of the

HARDROC chip and its connection with the rest of the
DAQ system. It also controls the power pulsed mode.
The board consists of a PCB housing all the required
circuitry, such as voltage regulators, current monitors,
a programmable device (FPGA) and the interfaces with
the detector plane and the DAQ system (Ethernet,
USB, TTC) for synchronization and data transmission.
The new DIF will control a factor 10 more chips than
the one used in the prototype, where one 1x1 m2
GRPC was handled by 3 DIFs while a single DIF will
now handle all the channels of a 3x1 m2 RPC. The
first prototype of the new DIF board has already been
designed in 2017 and the tests are going on. New
PCBs with the new HARDROC chip are available at
CIEMAT since March 2018, and they are going to be
tested with the DIF to check all the new functionalities.
A large GRPC (1x2m2 or 1x3m2, built by the IN2P3Lyon group) is foreseen by the end of 2018 and it will
be equipped with the new electronics and tested with
cosmic rays and also beam particles when available.

3.5.2 DETECTOR R&D ACTIVITIES IN CONNECTION WITH
CMS PHASE II UPGRADE
Research staff

C. Fernández-Bedoya, M. C. Fouz, I. Redondo

Scientific Postdocs J. Puerta, A. Triossi
PhD Students

I. Bachiller, S. Sánchez Navas,

Engineers

J. M. Cella (coll.), A Navarro, D. Redondo, J. Sastre (coll.)

Technicians

D. Francia (coll.)

On the longer time scale, for the HL-LHC, assessing
the future performance of the different subdetectors
is critical and we have been working on this issue
during the last years. The outcome appears in the
“Phase 2 Upgrade of the CMS Muon Detectors”
Technical Design Report which has recently become
public. A member of our group is co-editor of the
DT section of the document, and has had essential
contributions in establishing the adequacy for
operating the DT chambers in this environment, as
well as in the R&D for the redesign with increased
performance of the read-out and trigger electronics
that will need to be rebuilt in order to operate in HLLHC.
As a first goal, under the extreme conditions expected
during HL-LHC, it becomes essential to reassess the
radiation hardness of the muon system components
and to understand the extent and nature of potential
aging. CIEMAT is participating in the longevity studies
operating one DT chamber inside the GIF++ facility
(see Figure 3.5.2). We are studying there its operation

under high levels of background and after a certain
dose accumulated. At GIF++, detectors and material
samples can be irradiated by 662 keV photons
emitted by an intense 16.7 TBq 137Cs source. It is
combined with a high-energy muon beam (100 GeV/c)
extracted from the SPS along the H4 line. The GIF++
facility came into operation early 2015. Several tests
with reduced size DT cells have also been performed
and more are planned. A lot has been learnt on DT
chambers aging. Contrary to the initial expectations,
for a very safe Ar/CO2 mixture, accelerated aging
has indicated sensitivity of the DT chamber to the
irradiation expected at the HL-LHC. Available GIF++
data already allows observing a decrease of the gain
and a mild decrease of the hit efficiency with small
impact on the muon identification and reconstruction.
Several actions are under study to minimize the
potential inefficiency risk. CIEMAT is contributing not
only to the coordination of these tests but also with
the installation of the chamber and its electronics, the
participation in test beam shifts and in the analysis of
the chamber efficiency and general performance.
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Phase 2 electronics (FPGA evaluation board for time
digitization, link versatile boards for the optical data
transmission and for the slow control and μROS with
modified firmware for the backend electronics). This is
allowing to perform the tests of the new electronics and
to study its mechanical integration in a DT chamber
(see Figure 3.5.3).

Figure 3.5.2: DT chamber at the GIF++ facility.

The core of the Phase 2 upgrade program in DT is the
replacement of the on detector readout and trigger
electronics to enable its operation at the increased
trigger rate of 500 to 750 kHz (present rate is 100 kHz).
Technology developments nowadays allow building
a new system with a minimal electronics system,
responsible for time digitization, attached to the DT
chamber that will forward, through optical links at
10Gbps, all of the detector data at maximum resolution
to the higher performance back end electronics in the
service cavern, where readout and full trigger algorithms
will be performed. In this way, a robust system is left
buried inside the detector, while the trigger algorithms
can profit from the full resolution of all the hits
generated at the DT chamber. The importance of this
improvement can be roughly estimated by assuming
the higher performance obtained when moving from
the first trigger level (L1) to the second one (L2) in the
CMS High Level Trigger (HLT). This gives in fact an
upper limit of the best achievable improvement. As a
consequence of the higher resolution achieved with the
track reconstruction using the DT chambers, instead of
using the simpler hardware system available now, and
from the higher complexity of the algorithms employed,
the outcome will also be a significant rate reduction.
This rate reduction and increased resolution will allow
a much more efficient matching with the tracker at the
third trigger level (L3), and will be particularly beneficial
since CMS aims to move the tracker into the level 1
hardware trigger system for HL-LHC.
We are participating in the R&D for this project at various
levels. First of all in the development of the on detector
electronics prototype (OBDT) that will perform the
time digitization, nowadays done in an ASIC, by using
different FPGA technologies (Xilinx and Microsemi have
been evaluated). A test stand has been built connecting
to a DT chamber different demonstrator boards for the

Figure 3.5.3: CMS DT Phase 2 demonstrator.

In addition, we are also working in the simulation of
new trigger algorithms for Phase 2, required by the
new system architecture, profiting from the increased
resolution and available information of the trigger inputs.
We are checking at the same time how capable they
are of overcoming the single hit inefficiency expected in
an aged detector.
As a result of discussions on the optimal architecture for
the muon barrel trigger primitive generation and track
finder system, there was the agreement that latency
and algorithmically wise, it would be more adequate if
the hardware platform for both systems was made in
common. This means that the backend electronics is a
common project of the Muon and Trigger groups and
board resources will be optimized according to the final
algorithm in the most optimal way. In consequence,
and as a continuation of previous effort in the TwinMux
system, the CIEMAT group is participating in the muon
barrel track finder for Phase 2.
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3.5.3 PARTICLE DETECTORS FOR SPACE APPLICATIONS
Research staff

J. Berdugo, J. Casaus

Scientific Postdocs A. Oliva
Engineers

J. Marín (coll.), G. Martínez

Direct observations of galactic cosmic rays at high
energy are an extremely sensitive tool for fundamental
physics research. Precise measurements of highenergy leptons and nuclei may unveil the nature of
new physics phenomena. The cosmic ray research
program at CIEMAT is determined by this vision.
The impact of extending the energy range of direct
detection of cosmic rays by one order of magnitude
is twofold. On the one hand, physics candidates
providing exotic contributions to primary electrons
and positrons are expected to show distinctive
features above the TeV range; in particular, the precise
measurement of the steepening in the lepton spectrum
in the multi-TeV range will provide valuable information
on its origin. On the other hand, reaching the PeV in
the direct measurement of cosmic ray nuclei will allow,
for the first time, a precise study of the knee in the
spectrum of galactic cosmic rays, and thus provide
unique information on the cosmic ray sources and
acceleration mechanisms in the Galaxy.
The strategy proposed to achieve one order of
magnitude increase in the energy range for direct
measurement of cosmic rays is to develop deep,
high granularity and large acceptance calorimeters
to be installed in long duration instruments in space.
Given the payload weight constraints, the top face of
a deep (>20X0, >1λI) state-of-the-art calorimeter has
an effective area significantly lower than 1 m2. There
is an ongoing R&D program to develop isotropic
calorimeters for space applications that will allow
precise measurement of particles entering also
from the lateral faces of the instrument to provide
geometrical acceptances exceeding by a factor 10
those of current devices.
CaloCube is a project funded by the Italian National
Institute for Nuclear Physics (INFN) for the study of a
homogenous calorimeter designed to detect particles
arriving from any direction in space. The research
program is focused to provide the technical solution
for the calorimetry in the next generation of cosmic ray
experiments in space.
CaloCube is a homogenous calorimeter instrumented
with Thallium-activated Cesium Iodide (CsI(Tl))
scintillating crystals, designed to detect particles
arriving from any direction in space. The aim of the
project is to study the feasibility of building a large
acceptance spaceborne calorimeter which provides
complete containment of the electromagnetic
showers and the measurement of hadronic particles
above the PeV region. Detailed simulations show

that configurations with geometrical factors ~10 m2sr
and overall masses below 2 t may provide hadron/
electron rejection factors above 105, electromagnetic
energy resolution better than 2% for 1 TeV particles
and hadronic energy resolution of ~35% for 1-100 TeV
protons for effective acceptances after selection of 3-4
m2sr.
The CIEMAT group appraised this project as the
natural extension of the research line started 20 years
ago with its participation in AMS. Moreover, from the
technological point of view this is a unique opportunity
to consolidate the experience acquired by the team
during the design and construction of the AMS RICH
detector. In 2016, CIEMAT joined the CaloCube project
with the purpose of starting R&D activities for future
cosmic ray detectors in space.
The validation of the CaloCube design is addressed by
exposing functional prototypes to high energy particle
beams. In 2016 a prototype, consisting of 450 crystals
arranged in 18 planes of 5x5 crystals each and an
active depth of 1.6 λI, was exposed to muon, pion and
electron beams at CERN and Frascati. The test beam
campaign continued in 2017 with the use of nuclei
beams at CERN SPS.
The specific milestones completed during the period
2016-2017 by the CIEMAT group have been:
a) Analysis of the data collected with a first prototype
in a test beam at CERN: Samples of pions, electrons
and muons collected in the CERN SPS in 2015 were
used to calibrate a prototype consisting of 135 CsI(Tl)
crystals and to obtain the resolution of electromagnetic
showers.
b) Participation in the second generation prototype test
beams at CERN: In September 2016 and November
2017, CIEMAT participated in two test beams at CERN
SPS with a new version of the CaloCube prototype
consisting of 450 crystals and 900 readout channels
(Figure 3.5.4). The preliminary analysis of the collected
samples shows a resolution of electromagnetic
showers better than 1.5% and better than 40% for
hadrons, which agrees with the expectations from the
simulation.
c) Design and prototyping of space electronics
boards for CaloCube: In 2017, CIEMAT completed
the design and built a first prototype of a new readout
and data reduction board suitable for CaloCube. The
board controls the current version of the front-end
chip (designed by INFN-Trieste, which incorporates
double gain readout, 106 dynamic range and a power
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gain selection and calibration. A VHDL code has been
developed to provide flexibility in the control sequence
for the chip. The board implements a USB 3.0 interface
which will allow changing dynamically the control
sequence during the detector tests by means of a
control PC.
On the other hand, the CaloCube design has been
adopted by HERD, the High Energy cosmic Radiation
Detection facility proposed for China’s future space
station. HERD is being considered as flagship scientific
experiment for the Chinese Space Station and is
proposed to be deployed at the Chinese Space Station
(CSS) in the time window 2022-2025.

Figure 3.5.4: The 450-crystal CaloCube prototype at
the H4 beam line of the CERN SPS in September 2016

consumption of 3mW per channel) by means of an
FPGA XC6S45TFGG484. The board provides the
regulated voltages for the front-end chip and allows

In February 2017, CIEMAT group members attended
the 4th HERD Workshop held at the Headquarters of
the Italian Space Agency in Rome. For the phase A,
an international study team including experts from
Italy, Spain, Switzerland and Taiwan has been set up.
Two CIEMAT group members participate in this study
team. A second group of experts has been appointed
to accomplish a detailed simulation of the HERD
experiment. Two CIEMAT group members participate
in the HERD simulation tasks.

3.5.4 R&D ACTIVITIES ON LIQUID ARGON TECHNOLOGY
Research staff

L. Romero, R. Santorelli

Scientific Postdocs V. Pesudo
PhD Students

E. Sánchez
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J. M. Cela (coll.), M. Daniel (coll.)

Technicians

C. Blanco, J. García, J. J. Martínez, C. Puras

AVOLAR: high voltage system for massive
LAr detectors
The relatively high fields (~keV/cm) and the long
drift distances (some meters), typical in massive LAr
detectors, require very high voltages on the cathode.
Currently, the cathode voltage is generated externally
and is applied to the cathode through electrical
feedthroughs: in this configuration the magnitude of
the voltage is limited to several hundred kV. In order to
fulfill the new technical requirements, reaching the MV
range, our group designed a high voltage generator
based on a Van Der Graaff scheme, in which the
charge transporting insulating belt has been replaced
by a hydrodynamic flow of liquid Argon.
In this novel design, the whole generator is suspended
from the top cover of a cylindrical cryostat. The
equipment is divided into two parts; the upper part
includes the liquid argon pressurizing tanks while the

Van der Graaff generator is located at the bottom.
The circulation of the liquid argon is carried out by
means of pressurized helium gas; the liquid argon is
transferred from a high pressure tank to a low one.
Unidirectional valves ensure correct flow routing. There
are three reservoirs so that alternating pressures do not
produce a discontinuous flow. These three reservoirs
are surrounded by a bath of liquid nitrogen that keeps
the temperature constant. Figure 3.5.5-left shows the
generator removed from the cryostat.
The Van der Graaff generator itself consists of an
injector, a conveying section and the cathode which
is placed under high voltage. In the injector, the flow
of liquid argon crosses at a high speed a narrowing
of 1 mm2. Perpendicular to the flow, in the narrowing,
a high electric field is established by two cylindrical
electrodes of tungsten, 0.5 mm in diameter, with high
voltage between them. The positive electrode is flat,
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Figure 3.5.5: AVOLAR. (Left) generator removed from the cryostat, (center) injector, and (right) electronics.

while the negative electrode ends at a 1-angstrom
radius point. The high field injects electrons into the
liquid argon, which are immediately captured by the
electronegative impurities present in the liquid argon.
Given the low speed of the ions in liquid argon, the
charged impurities are drag toward the cathode by the
high velocity flow. Figure 3.5.5-center shows a closeup of the injector. The central section is formed by two
concentric insulation tubes for the transport of liquid
argon. The inner tube, 4 mm in diameter, carries the
charged liquid to the cathode. The liquid argon returns,
already discharged, by the space between both tubes.
Inside the cathode, the charged liquid argon crosses
a thick metallic mesh where the negative ions are
neutralized and the charge is stored in the metal body.
The generator is complemented by an electronic system
for measuring levels, temperatures and pressures, an
electronic control system, a gas distribution rack, and
a cryogenic supply system. The high cathodic voltage
is measured by an electrometer that senses the field,
proportional to the voltage, in a place away from the
cathode. A removable probe can set the cathode to
a known voltage to calibrate the electrometer. It also
serves to measure the current being transported from
the injector to the cathode. Figure 3.5.5-right shows a
view of the electronics being assembled.
The AVOLAR project started about three years
ago, and now it is at a fairly advanced stage. The
mechanical construction has been completed and
the electronic measuring and control equipment is
being manufactured. Once the generator is set up, we
consider including a TPC chamber to the bottom of
the structure, which would allow us to make high-field
studies in the range of tens of keV/cm, opening new
possible technological applications. The novelty of this
research, due to the difficulty of handling high voltages,
would allow us an important scientific production in the
number of publications.

ARION: Study of the dynamics of the charge at
the interface gas/liquid and positive ions / free
electrons secondary recombination
We are studying the impact of the positive charge
current, constantly present in a liquid argon time
projection chamber, on the electron signal of a massive
detector. Given their small mobility coefficient in liquid
argon, the ions spend a considerably longer time in the
active volume with respect to the electrons, producing
space charge effects which modify the electric field
in the TPC and disturb the signal energy and track
reconstruction. Those effects have been not fully
understood and very little can be found in literature.
Two papers, with our specific study together with some
preliminary results, have been recently published,
Astropart. Phys. 92, 11-20 (2017); arXiv:1712.07971
(2017), and another one is in preparation. Additionally,
our investigations suggest that a meaningful positive
ions and free electrons secondary recombination can
occur with drift distances of many meter and the effect
can be worsened by the injection, in liquid, of the ions
created in gas by charge amplification devices.
A TPC was constructed (Figure 3.5.6) in our laboratory
in 2016 with the goal of studying, in detail, the
dynamics of the ions at the interface gas/liquid. In
order to produce positive ions in a controlled way, a
tungsten point is placed at the anode and is pulsed
with HV of some kV. The electrons created near the
nail are directly collected, but the positive charge
is drifted towards some wires at the cathode. The
current is measured both at the anode and cathode
with a digital picoamperometer. We successfully
commissioned the detector in gas at room temperature
in 2017 in collaboration with the IFAE neutrino group,
demonstrating the drift of the positive charge and the
full collection of the ions by the cathode. We are now
upgrading the setup, planning to start the cryogenic
operation in double phase liquid/gas during 2018. The
detection of the ion feedback from the gas into the
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liquid phase could demonstrate the importance of an
effect which has not been investigated and is typically
neglected; evidencing for the first time an intrinsic
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limit of the technology and limiting the maximum
electron drift achievable even in presence of infinite
liquid purity.

Figure 3.5.6: ARION. (Left and middle) Field and drift cage. (Right) Cryostat.
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3.6 SCIENTIFIC COMPUTING
The Scientific Computing group is engaged in the development and implementation of
data-intensive distributed computing technologies, such as Grid computing, and highly
parallel processing techniques, providing infrastructure and support to the particle
physics, astroparticle and observational cosmology projects.
Research staff

M. Cárdenas, J. Flix, J. M. Hernández, F. J. Rodríguez

Scientific Postdocs A. M. Pérez-Calero
Engineers

J. Casals, A. Delgado, F. López, I. Méndez, M. C. Porto, J. J. Rodríguez, P. Tallada

Technicians

R. Fernández, J. Gómez del Pulgar

3.6.1 SCIENTIFIC GOALS AND
HISTORICAL BACKGROUND
In the past several years, scientific research has seen
a dramatic rise in the amount and rate of production
of data collected by instruments, detectors or
sensors. For instance, the LHC experiments at CERN
produce every year hundreds of petabytes of raw,
processed and simulated data. Storing, processing
and analyzing such amounts of data have become a
major challenge. A large scale distributed computing
infrastructure, the Worldwide LHC Computing
Grid (WLCG), optimized for data-intensive highthroughput processing, has been built to provide the
necessary computing and storage resources. WLCG
currently provides to the LHC experiments 750,000
CPU cores, 400 PB disk storage and 600 PB tape
archive capacity. CIEMAT contributes to WLCG with
2 data centers, one of the 13 Tier-1 centers around
the globe (the Puerto de Información Científica - PIC,
located in Barcelona), and one of the 100+ WLCG
Tier-2 centers installed in Madrid, at the CIEMAT site.
Figure 3.6.1 shows WLCG real time activity monitor,

some details of the PIC machine room and tape
robot.
PIC was founded in 2003 as a center of excellence for
scientific data processing, supporting scientific groups
working in projects which require large computing
resources for the processing and analysis of massive
sets of distributed data. It is operated and maintained
through a collaboration agreement between IFAE
and CIEMAT, supported by the Spanish Ministry of
Economy, Industry and Competitiveness and the
Catalan Department of Economy and Knowledge.
Since its creation, PIC has been closely collaborating
with WLCG as the Spanish Tier-1 center, designated
as such in December 2003 by the Spanish Secretary
of State for Science and Technology Policy.
Fig 3.6.2 summarizes the major achievements
at PIC in terms of new technologies, services,
network elements, development activities, and major
infrastructure changes introduced during the lifetime
of the center. Technology evolution has provided more
efficient, higher capacity and throughput computing
equipment (we currently use disks and tapes of about
10 TB capacity, 16-core CPUs and 10 Gbps Ethernet
links interconnecting compute and storage serves).

Figure 3.6.1: WLCG real time activity monitor (left); PIC machine room (middle); PIC tape robot (right).
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Figure 3.6.2: PIC center timeline for the period 2006-2016 showing the introduction of new technologies and
services.
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The job scheduling, mass storage and data provisioning
systems have greatly evolved in scale and reliability to
allow a single center to comfortably manage tens of
thousands of concurrently running processes and tens
of petabytes of data.
It is worth mentioning the continuous efforts to reduce
energy consumption by introducing novel technologies.
An innovative free cooling system helps in reducing
the temperature in the machine room utilizing the cool
air from outside of the building. Cooling oil immersion
tanks (Green Revolution Cooling, see Figure 3.6.3)
host part of the CPU equipment. The heat irradiated
by the submerged servers is absorbed by the oil
which is cooled by specially designed oil to water heat
exchangers. This is the only liquid immersion data
center in Spain and has been running in PIC since early
2016.
Figure 3.6.3: Cooling oil immersion tanks at PIC.

3.6.2 WLCG COMPUTING
ACTIVITIES IN 2016-2017
Infrastructure enhancements
PIC, as the Spanish Tier-1 data center in WLCG,
provides resources and support to the CMS, ATLAS
and LHCb experiments, currently contributing with
about 5% of the WLCG CPU (7000 cores), disk (7 PB)
and tape (18 PB) capacity at Tier-1 centers. CIEMAT
hosts a Tier-2 data center for CMS providing 2500
CPU cores and 1.6 PB of disk storage capacity. Figure
3.6.4 shows the increase of the CPU, disk and tape
capacity provided by the CIEMAT Tier-1 and Tier-2
centers since 2006. In particular, in the last two years
resources have almost doubled to cope with the
requirements of the LHC Run II.
In Figure 3.6.5, we show the CPU work delivered by
CIEMAT sites to the WLCG experiments in the period
2016-2017. CPU resources were used continuously
above the 95% utilization level. The integrated CPU
time delivered by our resources in that 2-year period is
140 million CPU hours.
In the last two years, the computing infrastructure
at the CIEMAT and PIC computing centers have
experimented important changes. The local area
network (LAN) bandwidth between the compute
and storage resources and the wide area network
(WAN) connecting our centers with other sites have
been substantially increased. Both data centers have
connected to the private Internet network for LHC
traffic (LHCONE) with a 10 Gbps link, complementing
the existing WAN 10 Gbps link that connect the centers
with the general purpose Spanish academic and

Figure 3.6.4: Evolution of CPU, Disk and tape capacity
provided to WLCG by CIEMAT.
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Services provided to WLCG need to be extremely
reliable (Tier-1 sites need to provide 24x7 support).
Thus, WLCG continuously monitors availability and
reliability metrics. The availability and reliability of our
WLCG centers have always been outstanding (see
Figure 3.6.6). PIC is the most reliable Tier-1 site in
CMS, scoring a 98.9% reliability level during 2017,
while CIEMAT Tier-2 has scored and average reliability
during the last 4 years of 99.0% (second out of 53 Tier2 centers in CMS).

Figure 3.6.5: CPU work delivered to the WLCG experiments by CIEMAT sites during Jan. 2016 - Dec. 2017.
HS06 is a unit of CPU power (a typical CPU core has
a power of about 10 HS06 units).

research network (RedIris). This has turned our centers
into the best connected in Spain. This increased WAN
bandwidth places our sites in a good position to
benefit from the change in the data access paradigm
in WLCG, where now data processing and analysis
applications can access the input data remotely from a
different center than the one where they are executed.
More infrastructure improvements include the
introduction of virtualization technologies (virtual
machines and containers) that encapsulate and isolate
applications from the environment and underlying
operating system, the deployment of a hadoop-based
distributed processing system for large data sets of
cosmological data, and the adoption of a new system
(puppet4) for automatic installation and configuration
of services and nodes.

R&D&I activities
CIEMAT has participated since its inception in the
development, deployment and operation of LHC
computing. The Scientific Computing group has
acquired expert knowledge on data-intensive highthroughput computing, significantly contributing to
the development, integration and operation of the
distributed computing system of the CMS experiment.
Important contributions in the areas of data and
workload management, distributed data analysis
framework, computing resource monitoring, facility
operations and management have been made.
In particular, during 2016-2017, we have contributed
in several areas of the CMS distributed computing
system. We have worked in the distributed job
scheduling system that collects available execution
slots worldwide and assign jobs matching job
requirements with slot capabilities. An important
improvement of the system, deployed during the last
two years, has been the introduction of multicore
processing scheduling capabilities that enable the
execution of parallel applications that utilize several

Figure 3.6.6: Reliability of PIC and CIEMAT data centers as measured by WLCG tests.
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cores in the same node. The execution of multithreaded
applications has resulted in large savings in RAM usage
and has drastically reduced the number of concurrent
jobs the scheduling system has to manage. We have
also contributed in the distributed analysis area, in
the development of the distributed and asynchronous
transfer system for user data and in the improvement
of the execution of users tasks automatically split in
jobs of appropriate length. In the WLCG front we have
contributed to the consolidation of the information
system and to the initial steps of defining a cost model
of resources intended as a tool to calculate the impact
of current or future computing models on resource
needs.
During the last two years the computing services in
our data centers have experimented many upgrades in
order to adapt to the continuously changing computing
models and ever increasing computing demands of
the LHC experiments. In the networking domain, in
addition to the increase of WAN connectivity described
before, we are in the process of migrating to the
IPv6 Internet Protocol standard that will replace IPv4
which is about to exhaust its available IP addresses.
The migration has already completed at PIC. In the
execution nodes, the operating system (OS) has
been upgraded to Linux CentOS 7 and a virtualization
system based on containers has been deployed. It
allows the applications to be executed inside its own
OS without the need of a virtual machine, essentially
removing the execution overhead of the virtualization
layer. The batch system, that schedules and executes
jobs in our compute resources, has been replaced
by HTCondor, a specialized workload management
system for compute-intensive jobs that is becoming
widespread in WLCG. HTCondor can be used to
build Grid-style computing environments that cross
administrative boundaries. This feature will allow to
federate the compute resources across our centers in
Barcelona and Madrid.
Significant effort is also invested in our group in
coordination and management activities in WLCG
and within the CMS experiment. We represent Spain
in various WLCG boards (Collaboration, Overview,
Management and Grid deployment boards), act
as advisor for computing matters of the Spanish
representative in the CERN RRB, coordinate the WLCG
Operations Group and serve as members of several
working groups and task forces (system performance
and cost modeling WG, accounting TF, multicore
deployment TF, data steering group). Within the CMS
experiment we hold several management positions
(Resource Management L2, Distributed Analysis L2,
and Submission Infrastructure L2) and represent Spain
in the CMS Computing Resource Board.
Prior to the 2017-2019 funding round, the Spanish
funding agency for particle physics conducted in 2016
a comprehensive review of the WLCG sites in Spain to
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assess their performance during the LHC Run 1 (20102015). The PIC Tier-1 and CIEMAT Tier-2 centers
were praised as two of the most reliable and efficient
sites worldwide and were granted new funding. An
innovative project to federate CIEMAT and IFAE Tier-1
and Tier-2 WLCG computing resources was approved
and funded (2017-2019) with the goal of consolidating
the Spanish WLCG infrastructure, sharing resources for
making the most efficient usage of them, simplifying the
access of the experiments and providing the interface
to transparently incorporate external resources such
as Supercomputing centers or commercial Cloud
resources.
The ever increasing computational power required
by the large scientific projects, soon entering the
exascale, cannot likely be achieved within the current
computing and processing models. Resources needed
would hugely exceed the insufficient increase expected
from constrained budgets and technology evolution.
The WLCG project is in the process of defining the
strategy for the evolution/revolution of the computing
models. Special emphasis has been placed in the
data processing and analysis software to improve
its efficiency, scalability and performance. We have
participated in the elaboration of a community white
paper [A Roadmap for HEP Software and Computing
R&D for the 2020s, arXiv:1712.06982] outlining the
roadmap of the software research and development
needed in the areas of data simulation, reconstruction,
analysis and interpretation, data management and
facilities, etc.
In particular, the advent of many-core platforms, as well
as specialized platforms like GPGPUs, is introducing a
shift in how computing systems and software must be
designed to keep improving performance and efficiency.
Our group has developed an expertise in programming
for shared-memory massively parallel processing
architectures to help porting the experimental codes to
these new platforms.

3.6.3 SUPPORT TO
ASTROPARTICLE AND
COSMOLOGY PROJECTS
IN 2016-2017
The computing infrastructure and technical expertise
developed for LHC computing have been leveraged to
provide support to other scientific domains that require
the processing of large amounts of data. Storage, data
processing and simulation resources are provided to
the high energy gamma ray experiments (the Major
Atmospheric Gamma Imaging Cherenkov Telescopes
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-MAGIC- and the future Cherenkov Telescope Array
-CTA), observational cosmology experiments (DES,
PAU, Euclid), neutrino experiments (Double Chooz)
and Dark Matter experiments (ArDM).

for data reconstruction (e.g. evaluation of Decision Trees
Algorithms for Position Reconstruction in the Argon
Dark Matter Experiment; reconstruction, selection and
classification of events in neutrino experiments).

PAU had two observation periods in 2016, in June
and November. The camera produced 6.5TB of raw
images, which were transferred through the network
and stored at PIC. The data reduction of the raw data is
executed automatically on arrival and produced a total
of 9.3TB of data. PIC participated in the development
of the reduction pipelines.

A noteworthy contribution has been the development
of a transversal platform for the management,
distribution and interactive analysis of big cosmological
object catalogues, using innovative Big Data solutions
(Hadoop/Apache Hive). It currently hosts data and
simulations from the DES, PAU and Euclid projects.
The service (CosmoHub) provides real-time analysis
and visualization of cosmological data features. It has
become very popular among the astrophysics and
cosmology communities, with close to 250 users that
access the service in a regular basis. Figure 3.6.7
shows and example of the capabilities of the platform.

PIC provides the reference data center for MAGIC,
provisioning services for the data transfer from La
Palma observatory, mass storage of the data, real-time
analysis facilities, and resources for data re-analysis
and distribution to the collaboration. PIC and CIEMAT
sites contribute to simulation production of the CTA
experiment. Some of the necessary services to manage
the worldwide distributed production (Dirac servers for
job management and supporting mysql databases) run
at PIC. CIEMAT has been in 2017 one of the biggest
resource contributors with about 14k CPU days.
An important activity of the computing group has
been the adoption and integration of advanced
computational techniques in the data processing and
analysis of the supported experiments. We are helping
the various projects to profit from these technologies.
Activities include the parallelization and vectorization
of algorithms to make them suitable to run efficiently
in massively parallel architectures (e.g. implementation
of angular correlation functions on GPU applied to the
analysis of cosmological data of the DES experiment;
signal extraction algorithms using various parallelization
strategies for real time analysis software of the CTA
experiment), application of machine learning algorithms

Figure 3.6.7: High-resolution heatmap produced by
CosmoHub (in less than 3 minutes) with 2M pixels that
shows the Gaia (1100M objects) and DES galaxy catalogues (400M entries).
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4.

WORKING GROUPS

This section summarizes the main achievements obtained in the four working groups
set up within the MdM project.

4.1 TRAINING & EDUCATION
For the undergraduate students, in their last year
of graduate studies, we have continued the longstanding tradition of giving introductory talks, as well
as supervising short research works in the context of
the subject “Prácticas externas” (Internships). These
internships are stays of 150 hours in a workplace where
students become familiar with a real-work experience
in a professional environment. A center like CIEMAT
allows students to have a first-hand contact with
scientific research activity. Usually students are put in
contact with the Unit in an informal way by teachers at
the universities. CIEMAT has several agreements with
different universities, among them UAM (Universidad
Autónoma de Madrid), UCM (Universidad Complutense
de Madrid), URJC (Universidad Rey Juan Carlos).
This procedure is now clearly stated thanks to the
inclusion of the CIEMAT-FP Unit as a potential receiver
of students, including topics and titles of proposed
research works in the database maintained by the
universities for this purpose.
At postgraduate level, we have participated in the
Theoretical Physics and Astrophysics (UAM and
UCM) Master Degree programs offering supervision of
research works towards a Master Thesis. We continue
lecturing the subject Experimental Particle and
Astroparticle Physics and Cosmology in the Theoretical
Physics Master of UCM, traditionally given by our Unit.
Lecturing material is regularly improved and updated
with the latest experimental results.
During the academic year 2016-2017, we set up a
special grant program to attract high level students to
carry out their Master Thesis work in our Unit. The call
was very successful and five students were awarded a
€2,000 grant. In total, we have supervised 12 Master
students during the academic years 2015-2016 and
2016-2017.

Concerning doctoral students, the MdM PhD program
has allowed us to incorporate 4 fellows in 2016. From
the 2017 call, 4 additional fellows will join the Unit in
2018. The assignment of the students to the different
research lines follows our strategic plan. It also takes into
account the students’ interest in working in particular
projects. CIEMAT launches every year a global call
(not specific for MdM-CFP Unit) to incorporate PhD
students, and our Unit is typically granted with one
or two students. Currently, there are 13 postgraduate
students working in the Unit towards their PhD and 6
PhD theses were defended in 2016-2017.
Calls for PhD grants, from the MdM, the Spanish
Ministry and CIEMAT programs, are widely publicized
in order to identify high-level candidates. Aiming for a
larger international component in the group, we have
used our networks with universities and collaborating
institutes worldwide to advertise these positions.
Concerning the training of PhD students, the MdM
funding has allowed us to strengthen the attendance of
students to international events, dedicated workshops
and specialized Physics Schools.
Concerning postdocs, four highly qualified candidates
have been incorporated during 2017 and another
two are already selected and will join the group in
the coming months. Half of them are non-Spanish
researchers. The opening of the calls for postdoc
researchers are assigned to the different research lines
according to the needs for scientific manpower of CFP
Unit research lines. It is our goal that all of them take
leading responsibilities and contribute significantly to
their projects.
Moreover, we are working to improve our collaboration
with engineering schools and technical universities.
Some of our activities have an important technological
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component and students from these academia centers
could easily profit from them. The first step was to
publicize our activities and offer students from these
centers the opportunity of carrying out a research activity
in our Unit in the context of their academic career. As
a result, two students from a technical university have
done the subject “Prácticas externas” in our Unit.
We have reinforced the existing program of scientific
seminars. Speakers, from both inside and outside the
Unit, have covered a wide range of physics topics. At
CIEMAT, we have launched a series of regular topical
seminars of invited speakers specialized in several
disciplines of interest. These seminars are opened to
the general public, in particular to researchers from
other CIEMAT departments. Thirteen such seminars
have been arranged in the 2016/2017 period (see
Annex 5.5). In addition, members of the group have
also organized and lectured specialized courses in
several topics of general interest like statistics and
programming techniques. The computing group
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is engaged in education activities for the local
scientific community teaching courses on various
computational-related subjects such as programming
languages, software parallelization techniques,
machine learning, data mining, etc.
In addition, the XLVI International Meeting on
Fundamental Physics (IMFP18) was organized by our
Unit and was held in Salamanca from April 9th to 13th,
2018 (http://imfp18.ciemat.es/). This is the meeting
with the longest tradition in the Spanish high energy
physics community. It provides a forum for scientific
discussion and an ideal opportunity to review the
current status in the areas of particle physics,
astroparticle physics and cosmology. An effort has
been made to provide an attractive scientific program
with high-level speakers from the most important
international research institutes.
A detailed list of the activities undertaken by this
working group is shown in Annex 5.5.
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4.2. OUTREACH
Within this working group, numerous activities have
been organized to promote particle physics among
the education community (students and teachers) and
the general public.
Within the high-school community our tasks during
2016/17 have targeted both high-school students and
teachers. During these academic years, we continued
our participation in the CPAN program of seminars in
high schools for educational purpose about different
research topics. Along this period, we have increased
the number of speakers, thus doubling the number
of seminars and reached students. Some numbers
to give a feeling of this activity: 9,063 high school
students attended 103 talks in 2016 and 2017.
Since high-school teachers are the main channel for
knowledge transfer to students, we have participated
in several initiatives for teachers in order to ensure their
proper training on particle physics and cosmology.
Members of our Unit have coordinated and participated
in training schools for teachers at CERN in Spanish
language, as well as various preparatory and follow up
courses at CIEMAT.
In the context of science promotion, and together
with the CIEMAT-FP Gender Equality Working group,
we organized at CIEMAT series of events related to
the International Day of Women and Girls in Science,
February 11th of 2017, focused on female highschool students. Our group took the leading role in
the organization of this event that will have continuity
and will be enhanced in the coming years. More
information is given in the activities description of
Equal Opportunities working group (section 4.3).

few days at CIEMAT, receiving seminars and visiting
laboratories where they are taught about our research
activities in this topic.
Concerning outreach for a more general audience, we
have participated in multiple public events in different
locations in Spain, round tables, and meetings with
the general public. Our presence in the media is
steady, with regular collaborations in radio (27 different
appearances in this period), press and online media.
Figure 4.2.1 shows some examples of this activity.
We regularly collaborate with the CIEMAT “Vertices”
publication, and in the institutional website and press
releases.
Last, the Maria de Maeztu distinction has boosted our
presence in social media, and we established new
Twitter and Facebook accounts. Our impact, though
far from optimal yet, is steadily increasing. We also
performed a full redesign and refurbishment of our
websites, both the central CIEMAT-FP website and
the different subprojects. Currently, we are preparing
miscellaneous promotional material (brochures,
videos).
A detailed description of the all the activities carried out
can be found at Annex 5.6 and 5.7.

We have also organized several editions of Particle
Physics Masterclasses, with three different events per
year (one for the Science Week, another one for girls
within the February 11th context, and the International
IPPOG Masterclasses).
The Dark Matter day is another new initiative, in which
high-school students visit CIEMAT, learn about dark
matter directly from scientists, and visit our dark
matter laboratory. In addition, our group participates
in the ESO 4th + Enterprise program developed by the
Education Council of Community of Madrid. Students
from the year previous to the A-level courses spend

Figure 4.2.1: Some of our researchers undertaking
outreach activities in the radio (RNE).
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4.3 EQUAL OPPORTUNITIES
As mentioned in section 1, the aim of this group is to
establish the necessary actions to narrow the gender
gap and to remedy the under-representation of women
in the decision-making bodies and high-level positions.
The first activity of this working group was the collection
of all related documents from the Spanish administration
and other official regulations on this subject, which are
now available in the group web page. One of these
documents is the Gender Equality Plan of CIEMAT
that includes a diagnosis of the situation of women in
the institution until 2012. According to this study, the
average ratio of women at CIEMAT is 40%, unchanged
since 2008. The results of this study are not split by
scientific and administration personnel or responsibility
levels and the salary gap is not addressed.
The activities carried out by this working group can
be divided in three categories: a) Towards the outside,
with actions promoting the interest in physics among
girls and women from the school to the university and
then, during the first steps of their career, b) internally,
organizing training activities in our Unit and c) Collecting
data about positions, levels, etc... split by gender in the
CFP Unit to create a data base with this information,
which allows to analize the evolution of the gender gap
in our Unit.
a) During the 2016/2017 period, we have organized,
together with our Outreach working group and involving
the CIEMAT Communications Unit, several activities to
celebrate the February, 11th International Day of Women
and Girls in Science (http://womeninscience.org). The
aim of these activities has been to increase the visibility
of women’s research activities and to promote science
among girls and women. They have consisted in:
•  Visits to several laboratories at CIEMAT.
• A “Science dating” girl’s event. This activity aims to
get the scientific research closer to girls from different
schools and grades (from 3 ESO to 1 Bachillerato). 8
women scientists and engineers chat individually with
high-school girls groups about their work and girls’
future expectations during ten minutes, this procedure
is repeated 6 times rotating the students groups.
• Participation in a girl’s Hands-on International
Masterclass on Particle Physics, organized by
the International Particle Physics Outreach Group
– IPPOG, and one of the sessions taking place at
CIEMAT.
All these activities were publicized to high schools in the
Madrid Community. More than 200 girls participated in
the activities in 2017, and we expect a similar number
in future events. See more details in http://11febrero.
ciemat.es

Figure 4.3.1: ”Science dating” girl’s event. Dr. M.
Mollá with high-school students

Other activities include radio interviews (Madrid Live
-Onda Madrid, Sustainable and renewable –Radio 5, On
the shoulders of Giants - RTVE, The mechanics of the
snail –Radio Euskadi, Money and life –Capital Radio,…),
participation in gender equality meetings (Gender
and scientific vocation, organized by the Consejería
de Educación, Cultura y Deportes de la Comunidad
Castilla-La Mancha; Science and gender equality in
the scientific societies, organized by the COSCE; Open
Day in the IES-Francisco de Goya-La Elipa), as well as
many talks in schools and other fora. All these activities
have been organized in collaboration with the Training &
education and Outreach working groups.
b) This working group has also organized 2 special
seminars, addressed to all the personnel of our Unit,
given by the Communication Unit of CIEMAT:
• “La igualdad, una cuestión que nos afecta” (Gender
Equality, a question that affects us),
• “Liderazgo en femenino” (Female Leadership), about
specific problems of women in the workplace.
Currently, we are in the process of organizing a generic
course on positive actions to increase the number of
women in our research field, and the possibilities in their
career.
c) The data corresponding to 2016 shows in our Unit
a women/men ratio of 21/66, thus a 24% of women.
Some particular areas are specially biased, such as in
the case of technicians, 100% male, and administration
jobs, 70% female. Focusing on the researchers gender
ratio, the value in our Unit is low, 29%, though similar
to other scientific or technological research institutes or
university groups of our domain, which is recognized
as specially affected by the gender gap. In 2017 the
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women/men ratio remained almost unchanged, 22/65,
a 25% of women.
Figure 4.3.2 shows the gender distribution in our
Unit. Men essentially monopolize technical positions.
In the scientific categories (PhD students, temporary
staff and permanent staff) the proportion of women
decreases as their career progresses. This behavior is
similar in the University STEM careers. However, in our
Unit there are not women in management positions
(12% of women in STEM careers), clearly indicating an
under-representation at these levels.
The working group looks out for the equal
opportunities in the new recruitments. Committees
for personnel hiring at CIEMAT follow a strict gender
balance rule as dictated by the public administration.
This is a proactive action that tries to reinforce the
female representation in the hiring strategy. Despite
these efforts, the new contracts in our Unit have not
improved the women rates. The statistics of these
selection processes for 2016 and 2017 are shown in
the Figure 4.3.3. From a total of 23 offered positions,
only 4 have been obtained by women (17%) slightly
lower than the proportion of female candidates (20%,
42 females/201 candidates).
On the positive side, the CFP Unit has established a
Management Board (MB) of 10 members, being 4 of
them women, trying to improve the quoted underrepresentation of women in the decision-making bodies.

Figure 4.3.2: Gender distribution in the MdM-CFP
Unit by personnel group.

It is also worth noticing the increase in the number of
women leading projects in the Unit. Research lines in
neutrino physics, origin and evolution of galaxies and
detector R&D for the CALICE project were already led
by women in 2015. In 2016, when the project started,
the CMS project was subdivided in two different subprojects, one of them being led by two women, thus
reaching 30% of women as PI. Similarly, regarding the
gender of the thesis supervisors in the Unit during the
period 2011-2015, the women/men rate was 33/67. The
current ratio is 8 female out of 18 supervisors, thus the
ratio of women PhD supervisors has increased to 44%.
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Figure 4.3.3: Distribution by gender of the candidates to the open positions (left panels) and the finally selected
ones (right panels) in 2016 (top) and 2017 (bottom) calls.
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4.4 KNOWLEDGE AND
TECHNOLOGY TRANSFER
Our group actively participates in various technological
developments inside each of the main research lines.
We have a long tradition of contributing with the design
and production of either detection systems, mechanical
and electronics designs or computing infrastructure
to the different experiments we participate. These
activities, which are undertaken in close collaboration
with the Technology Department at CIEMAT and profit
from the CIEMAT mechanical workshop, provide an
important added value to our group. The high level
of specialization of our engineering team provides the
required know-how in the design and development of
custom solutions for the needs of thigh energy physics
experiments. We intensily pursue the industrial returns
of all the associated R&D activities.
The technology transfer activities is accomplished
on our group following various models. The most
classic one is through licensing innovative results
from our R&D developments on the various fields.
Different utility models have been explored in the last
years, though at present, the most relevant activity is
the development of a patent titled “Passive system
for stealthy detection of nuclear powered ships and
submarines”. This patent is one of the examples of
nuclear non-proliferation initiatives that emerge from
the detector developments that take place in our
community. The goal of the working group is to submit
the application to the Spanish and European patent
offices in the first half of 2018.
Other examples of technology transfer arise when,
after the design and development of the first prototypes
of a system, the large production is transferred to a
company that needs to adequate its capabilities to
comply with the usual strict mechanical or electrical
requirements from the particular experiment. In this
case, a direct communication to the companies of
the required knowledge, improved manufacturing
procedures and quality control mechanisms takes
place.
Good examples of this type of technology transfer
activity happening in the 2016-2017 period is the one
being carried out within the CTA trigger system. The
conceptual design of this trigger system is innovative
for several reasons, mainly due to the topology and
interconnection of the module network, its robustness
against failures and the time accuracy reached using
industrial FPGAs. The first telescope will be built by the
participating institutes, such as CIEMAT, but the rest of
the telescopes construction will be transferred to the

industry. A double step of technology transfer will be
necessary to guarantee an adequate execution of the
tenders for the construction of the CTA Observatory.
In the first step, all technical documents related to the
tender specifications will be supplied. In the second
step, advice on the manufacturing process, verification
and installation of the final product will be provided.
In this way, we expect to improve the manufacturing
techniques from the selected companies and help
them in implementing the optimal quality control
mechanisms. It is also worth mentioning that beyond
the telescopes construction, the feasibility to use
all these technologies developed for CTA in other
applications is under study.
In a similar way, we also work in the R&D of technological
procedures that when improved will likely have an
added value to the manufacturing process that is
used nowadays in the industry. One of such examples
is being developed in collaboration with CERN and
implies a technological procedure for electron beam
welding. Through the study of the deformation of 304L
stainless steel structures under this beam welding we
are developing fabrication methods that minimize this
deformation parameters and provide cutting edge
flatness with respect to the manufacturing capabilities
at present. These flat structures are targeted as
absorber and self-support structures in future hadronic
calorimeters and therefore are done as an outcome of
the R&D in Calice activities. Together with the company
ARKU Maschinenbau GmbH, the leveling and stress
relief procedures of the sheets from the mentioned
structures before the final machining and welding are
being defined.
It is well known that one of the fields that has enormously
benefited from the technologies used in particle
physics is the medical physics field, which shares
the detection systems, colliders and data processing
developments and is a line of activity in which
technology transfer takes place very effectively. In this
sense, we are working at present in the development
of instrumentation for hospitals, specifically a
Transcranial Magnetic Stimulator (TMS). CIEMAT has
developed a TMS prototype and is currently working
together with Hospital Los Madroños and its Brain
Injury Unit in order to characterize this prototype and
subsequently to develop, improve and scale it up. This
system is based on a magnetic method that stimulates
small regions of cerebral cortex in a non-invasive way.
TMS is used diagnostically to measure the connection
between the brain and a muscle in order to evaluate
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possible damages from several diseases, such as
stroke, multiple sclerosis, amyotrophic lateral sclerosis,
movement disorders among others. Figure 4.4.1
shows a prototype of TMS developed by our Unit.

Figure 4.4.1: Prototype of the transcranial magnetic
stimulator developed by CFP.
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Finally, during these two years, and with the aim of
knowledge and technology dissemination we have
created the Open Hardware License (OHL) website
at CIEMAT. The aim is to make publicly available a
selection of the electronic designs developed by
the Unit, following a legal framework to facilitate
knowledge exchange across the electronic design
community. The OHL initiative wishes to provide a tool
to foster collaboration and sharing among hardware
designers, being to hardware what the General Public
License (GPL) is to software. We have worked in the
development of the legal framework and set up a
web page (http://cfp.ciemat.es/ciematohl) through
which part of the analog and digital designs from our
Unit, in general the most general purpose boards,
are made easily available to the society. The initiative
started in mid 2017 and will be finished by the end of
May 2018.
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5.

ANNEXES

5.1 PERSONNEL
Research staff

M. Aguilar
J. Alcaraz
J. Berdugo
M. Cárdenas
J. Casaus
M. Cerrada
N. Colino
B. de la Cruz
C. Delgado
A. Ferrando
C. Fernández-Bedoya
J. P. Fernández
J. Flix
M. C. Fouz
P. García
I. Gil
O. González
J. M. Hernández
I. Josa
C. Mañá
M. Mollá
C. Palomares
I. Redondo
F. J. Rodríguez
L. Romero
E. Sánchez
R. Santorelli

Scientific Postdocs
J. Brochero
C. Cuesta
F. Giovacchini
S. Goy
S. Mangano
D. A. Morán

A. Oliva
A. M. Pérez-Calero
V. Pesudo
J. Puerta
A. Remoto
M. Senghi
I. Sevilla
A. Triossi

PhD students

A. Álvarez
I. Bachiller
M. Barrio
M. I. Bernardos
A. Gallego
M. García
M. Lallena
Ch. F. Lastoria
D. Navas
M. Molero
M. Rodríguez
E. Sánchez
S. Sánchez Navas
J. A. Soto
M. A. Velasco

Engineers

D. Belver
E. Calvo
J. Casals
A. Delgado
C. Díaz
S. Jiménez
A. López
F. López
I. Méndez

A. Navarro
A. Pérez
M. C. Porto
D. Redondo
J. J. Rodríguez
P. Tallada
A. Verdugo

Technicians

C. Blanco
R. Fernández
J. García
J. Gómez del Pulgar
I. Martín
J. J. Martínez
M. Polo
J. C. Puras
A. Sánchez
F. J. Yáñez

Collaborators

J. M. Cela
M. Daniel
D. Francia
J. Marín
G. Martínez
J. J. Navarrete
J. Sastre
J. de Vicente

Administration

R. Balbás
P. Coca
J. González
M. C. Hernández
S. Rodríguez
M. Rodríguez
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5.2 COMPETITIVE PROJECTS
MINISTERIO DE ECONOMIA,
INDUSTRIA Y COMPETITITIVDAD
1. FPA2014-53938-C3-1-R (2015-2017)
CIEMAT participation in the physics program,
data analysis and operation of CMS experiment
in LHC
Juan Alcaraz & Nicanor Colino
2. FPA2014-53938-C3-2-R (2015-2017)
CIEMAT participation in the consolidation and
upgrade of CMS experiment in LHC
Cristina Fernández & Mary-Cruz Fouz
3. FPA2013-40521-P (2014-2016)
Participation in the Double Chooz Experiment
and R&D on NAr for future neutrino detectors
Inés Gil Botella & Roberto Santorelli
4. FPA2016-77347-C2-1-P (2017-2019)
Neutrino oscillation physics in reactor and
accelerator experiments and R&D on LAr
detectors
Inés Gil Botella
5. FPA2015-70657-P (2016-2017)
Participation of CIEMAT in the ArDM experiment
Roberto Santorelli & Luciano Romero
6 ESP2015-71662-C2-1-P (2016-2017)
Participation in the AMS experiment
Javier Berdugo & Jorge Casaus

9. FPA2015-68048-C3-2-P (2016-2018)
Fundamental physics and cosmology with
extragalactic surveys (COSMOFUN)
Eusebio Sánchez Álvaro
10. AYA2013-47742-C04-4-P (2014-2016)
The role of the Starbursts in the formation and
evolution of galaxies
Mercedes Mollá
11. AYA2016-79724-C4-3-P (2017-2019)
Starbursts: formation and evolution of galaxies
Mercedes Mollá
12. FPA2016-80994-C2-1-R (2017-2019)
Tier -1 and Tier-2 data processing, simulation
and analysis for the LHC experiments Phase V
Josep Flix & José M. Hernández
13. FPA2013-47804-C2-1-R (2014-2017)
Data processing center for LHC. Tier 2 federated
for CMS
José M. Hernández
14. FPA-2013-48082-C2-1-R (2014-2017)
Data processing center for LHC. Tier 1
Josep Flix

7. AYA2014-58350-JIN (2015-2018)
Development of deep learning methods for data
reconstruction from Cherenkov Telescopes Array
Salvatore Mangano

EUROPEAN UNION

8. FPA2015-69210-C6-4-R (2016-2017)
Participation in the integration, qualification,
installation and commissioning of the LST
prototype and its industrialization
Carlos Delgado & Gustavo Martínez

1. H2020-INFRAIA-1 2014-2015 GA654168
(2015-2019)
AIDA 2020 (Advanced European Infrastructures
for Detectors at Accelerators)
Mary-Cruz Fouz
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5.3. PUBLICATIONS
HADRON COLLIDERS
1. The CMS Collaboration
Search for lepton flavour violating decays of heavy
resonances and quantum black holes to an eµ pair in
proton-proton collisions at √s= 8 TeV
Eur. Phys. J. C 76 (2016) 317

11. The CMS Collaboration
Measurement of the tt production cross section in
the eµ channel in proton-proton collisions at √s= 7
and 8 TeV
J. High Energy Phys. 08 (2016) 029
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15. Sánchez, S. F. et al.
CALIFA, the Calar Alto Legacy Integral Field Area
survey: IV. Third Public data release
Astronomy & Astrophysics, Volume 594, article id.
A36, 21 pp. (2016)

19. Cavichia, O. et al.
Planetary Nebulae as probes of the chemical
evolution of the Galactic bulge
Revista Mexicana de Astronomía y Astrofísica (Serie
de Conferencias), Volume 49, pp. 84-84 (2017)

16. Pérez-Montero,E. P. et al.
The dependence of oxygen and nitrogen
abundances on stellar mass from the CALIFA survey
Astronomy & Astrophysics, Volume 595, article id.
A62, 20 pp. (2016)

20. Cavichia, O. et al.
The population of planetary nebulae near the
Galactic Centre: chemical abundances
Monthly Notices of the Royal Astronomical Society,
Volume 468, Issue 1, p.272-290 (2017)

17. Gil de Paz, A. et al.
MEGARA, the Next Generation Optical MOS and
IFU for GTC
Astronomical Society of the Pacific, Volume 507,
p.103 (2016)

21. Mollá, M. et al.
Galaxy chemical evolution models: the role of
molecular gas formation
Monthly Notices of the Royal Astronomical Society,
Volume 468, Issue 1, p.305-318 (2017)

18. Sánchez-Menguiano, L. et al.
Arm and interarm abundance gradients in CALIFA
spiral galaxies
Astronomy & Astrophysics, Volume 603, article id.
A113, 13 pp. (2017)

DETECTOR R&D
1. CALICE Collaboration
Construction and Response of a Highly Granular
Scintillator-based Electromagnetic Calorimeter
Nucl. Instrum. Meth. A887 (2018) 150-168

4. CALICE Collaboration
DHCAL with minimal absorber: measurements with
positrons
JINST 11 (2016) nº.05, P05008.

2. CALICE Collaboration
Tracking within Hadronic Showers in the CALICE
SDHCAL prototype using a Hough Transform
Technique
JINST 12 (2017) nº.05, P05009

5. CALICE Collaboration
Hadron shower decomposition in the highly granular
CALICE analogue hadron calorimeter
JINST 11 (2016) nº.06, P06013.

3. CALICE Collaboration
Resistive Plate Chamber Digitization in a Hadronic
Shower Environment
JINST 11 (2016) nº.06, P06014.

6. CALICE Collaboration
First results of the CALICE SDHCAL technological
prototype
JINST 11 (2016) nº.04, P04001.
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SCIENTIFIC COMPUTING
1. M. Cárdenas-Montes, J. J. Rodríguez-Vázquez,
M. A. Vega-Rodríguez
Bin recycling strategy for improving the histogram
precision on GPU
Computer Physics Communication, 204:55-63,
doi:10.1016/j.cpc. 2016.03.006
2. M. Cárdenas-Montes, M. A. Vega-Rodríguez, J.
J. Rodríguez-Vázquez, A. Gómez-Iglesias
Parallel evaluation of non-separable functions by
evolutionary algorithms on GPU
Concurrency Computat.: Pract. Exper., doi:101002/
cpe.3949 (2016)
3. A. Delgado Peris, J. M. Hernández, E. Huedo
Distributed Late-binding Scheduling and
Cooperative Data Caching
Journal of Grid Computing DOI 10.1007/s10723-0169374-y (Aug 2016)
4. J. E. Ramírez, A Pérez-Calero, J. M. Hernández
Exploiting multicore compute resources in the CMS
experiment
J. Phys. Conf. Ser. 762 (2016) 012018
5. M. Cárdenas-Montes, M. A. Vega-Rodríguez,
M. Mollá
Modelling Low-Resolution Galaxy Spectral Energy
Distribution with Evolutionary Algorithms
Neurocomputing (2017)
6. M. Cárdenas-Montes, I. Sevilla-Noarbe
Voronoi Tessellation for Reducing the Processing
Time of Correlation Functions
Computer Physics Communication, 222 158-166
(2017)
7. J. J. Rodríguez-Vázquez, J. L. Vázquez-Poletti,
C. Delgado, A. Bulgarelli, M. Cárdenas-Montes
Performance study of a signal-extraction algorithm
using different parallelisation strategies for the
Cheronkov Telescope Array´s real-time-analysis
software
Concurrency and Computation: Practice and
Experience 29(12), (2017)
8. M. Cárdenas-Montes
Welbull-based scaled-differences schema for
Differential Evolution
Swarm and Evolutinary Computation

9. M. Alandes et al.
Consolidating WLCG topology and configuration in
the Computing Resource Information Catalogue
J. Phys.Conf.Ser. 898 (2017) 092042
10. J. Balcas et al.
CMS Connect
J. Phys.Conf.Ser. 898 (2017) 082032
11. J. Balcas et al.
Connecting Restricted, High-Availability, or LowLatency Resources to a Seamless Global Pool for
CMS
J. Phys.Conf.Ser. 898 (2017) 052037.
12. J. Balcas et al.
Stability and scalability of the CMS Global Pool:
Pushing HTCondor and glideinWMS to new limits
J. Phys.Conf.Ser. 898 (2017) 052031
13. J. M. D. Silva et al.
Efficient monitoring of CRAB jobs at CMS
J. Phys.Conf.Ser. 898 (2017) 092036
14. M. Wolf et al.
Use of DAGMan in CRAB3 to improve the splitting
of CMS user jobs
J. Phys.Conf.Ser. 898 (2017) 052035
15. D. Ciangottiniet al.
A comparison of different database technologies for
the CMS AsyncStageOut transfer database
J. Phys.Conf.Ser. 898 (2017) 042048. 042048
16. J. Balcas et al.
Effective HTCondor-based monitoring system for
CMS
J. Phys.Conf.Ser. 898 (2017) 092039
17. A. Pérez-Calero et al.
CMS readiness for multi-core workload scheduling
J. Phys.Conf.Ser. 898 (2017) 052030
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5.4. CONTRIBUTION TO
CONFERENCES AND WORKSHOP
HADRON COLLIDERS
1. A. Escalante del Valle
Searches for heavy charged gauge bosons in
the final state of electron and muon plus missing
transverse energy
Posters@LHCC: Students’ Poster Session at the
2016 March LHCC meeting, CERN,
Poster
Geneva (Switzerland). March 2, 2016

6. Á. Navarro Tobar
Phase 1 upgrade of the CMS Drift Tubes read-out
system
TWEPP-16: Topical Workshop on Electronics for Particle
Physics, Institute for Data Processing and Electronics
(IPE) at Karlsruhe Institute of Technology (KIT)
Poster
Karlsruhe (Germany). September 26-30, 2016

2. A. Escalante del Valle
Search for new heavy charged bosons decaying
into a lepton and MET using 2.2/fb of pp collision
data at a centre-of-mass energy of 13 TeV, collected
with CMS detector
LaThuile 2016: Les Rencontres de Physique de la
Vallee d’Aoste
Oral
La Thuile (Italy). March 6-12, 2016

7. Ó. González López
CMS results on Higgs physics
SILAFAE2016: XI Latin American Symposium of High
Energy Physics
Oral (plenary)
Antigua Guatemala (Guatemala). November 14-18, 2016

3. C. Fernández Bedoya
LHC upgrades
XLIV International Meeting on Fundamental Physics,
HEP,
Oral (Invited)
Madrid (Spain). April 4-8, 2016
4. A. Escalante del Valle
Searches for heavy charged gauge bosons in
the final state of electron and muon plus missing
transverse energy
ESHEP2016: 2016 CERN-JINR European School of
High-Energy Physics, Skeikampen, Gausdal,
Oral
Gausdal (Norway). June 15-28, 2016
5. J. M. Cela Ruiz
FPGA based algorithms for the new trigger system
for the phase 2 Upgrade of the CMS Drift Tubes
detector
TWEPP-16: Topical Workshop on Electronics for
Particle Physics, Institute for Data Processing and
Electronics (IPE) at Karlsruhe Institute of Technology
(KIT)
Poster
Karlsruhe (Germany). September 26-30, 2016

8. J. P. Fernández Ramos
Measurement of the associated production of Z+c in
pp collisions at 8 TeV with the CMS experiment
VIII CPAN days: VIII CPAN days, Centro Nacional de
Partículas, Astropartículas y Nuclear
Oral (plenary)
Zaragoza (Spain). November 28-30, 2016
9. A. Escalante del Valle
Searches for new heavy vector bosons decaying to
leptons in the CMS experiment
VIII CPAN days: VIII CPAN days, Centro Nacional de
Partículas, Astropartículas y Nuclear
Oral (plenary)
Zaragoza (Spain). November 28-30, 2016
10. M. Senghi Soares
Top quark properties at CMS and Atlas
Moriond/QCD2017: 52nd Rencontres de Moriond on
“QCD and High Energy Interactions”,
Oral (plenary)
La Thuile (Italy). March 25-April 1, 2017
11. J. Alcaraz Maestre
Energy frontier (Current experimental status)
IMFP 2017: XLV International Meeting on Fundamental
Physics
Oral (plenary)
Granada (Spain). April 24-28, 2017
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12. J. Alcaraz Maestre
Energy Frontier (Experiments. Future prospects)
IMFP 2017: XLV International Meeting on Fundamental
Physics
Oral (plenary)
Granada (Spain). April 24-28, 2017

17. S. Goy López
Overview talk on detector performances (CMS)
ICNFP2017: 6th International Conference on new
Frontiers in Physics 2017
Oral
Kolymvari (Greece). August 17-26, 2017

13. M. Senghi Soares
Experimental summary of rare processes (tZq and
tgamma)
ST-CMS-WK4th: 4th CMS Single Top Workshop
Oral (plenary)
Karlsruhe (Germany). June 8-10, 2017

18. M. Barrio Luna
Evidence for the Standard Model tZq production in
three-lepton events at 13TeV in CMS
ESHEP2017: 2017 CERN-JINR European School of
High-Energy Physics
Poster
University of Evora, Evora (Portugal).
September 6-19, 2017

14. Ó. González López
Searches for non-resonant new phenomena in final
states with leptons and photons
EPS-HEP2017: EPS Conference on High Energy
Physics
Oral
Venice (Italy). July 5-12, 2017
15. J. Alcaraz Maestre
Highlights from the CMS Experiment
EPS-HEP2017: EPS Conference on High Energy
Physics
Oral
Venice (Italy). July 5-12, 2017
16. A. Alvarez Fernandez
Sincronización fina del trigger de las cámaras de
tubos de deriva para el detector CMS del LHC
XXXVI Reunión Bienal de la Real Sociedad Española
de Física
Oral
Santiago de Compostela (Spain). July 17, 2017

19. D. Redondo Ferrero
Performance and Future Upgrades of the CMS DT
Muon Detector
IEEE-NSS-MIC-2017: 2017 IEEE Nuclear Science
Symposium and Medical Imaging Conference
Poster
Atlanta, GA (USA). October 21-28 , 2017
20. I. Redondo Fernández
Spanish activities for CMS Upgrade
IX CPAN days: IX CPAN days, Centro Nacional de
Partículas, Astropartículas y Nuclear
Oral
Santander (Spain). October 23-25, 2017
21. M. Barrio Luna
Evidence for the standard model production of a
Z boson with a single top quark in pp collisions at
√=13 TeV
IX CPAN days: IX CPAN days, Centro Nacional de
Partículas, Astropartículas y Nuclear
Oral
Santander (Spain). October 23-25, 2017

NEUTRINO PHYSICS
1. I. Gil-Botella
DUNE detector design and low-energy
reconstruction capabilities,
Supernova Physiscs at DUNE Workshop
Oral
Blacksburg (USA). March 11-12, 2016

3. I. Gil-Botella
Non-accelerator physics program of DUNE,
Third International Meeting for Large Neutrino
Infrastructures
Oral
KEK (Japan). May 30, 2016

2. I. Gil-Botella
Neutrino experiments,
Conference PLANCK 2016 “From the Planck Scale
to the Electroweak Scale”
Oral
Valencia (Spain). May 23-27, 2016

4. R. Santorelli, A. Verdugo
Study of the light production mechanism of epoxy
resins in an electric field
VCI2016, The 14th Vienna Conference on
Instrumentation
Poster
Vienna (Austria). February 15-19, 2016
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5. S. Jimenez
Light detection in Large scale cryogenic liquid
detectors
AIDA-2020 2nd Annual Meeting
Oral
DESY Hamburg (Germany) June 2016

13. D. Navas
Measurement of the neutrino mixing angle theta13 in
the Double Chooz experiment
Lake Louis Winter Institute 2017
Oral
Calgary (Canada). February 19-25, 2017

6. D. Navas-Nicolás
Neutrino detection systematics in the two detector
phase of the Double Chooz experiment
XXVII International Conference on Neutrino Physics
and Astrophysics (Neutrino 2016)
Poster
London (UK). July 9, 2016

14. I. Gil-Botella
Detection of Supernova Neutrinos
Precision Investigations of the Neutrino Sector
Oral
SLAC (USA). March 13-17, 2017

7. C. F. Lastoria
Photo Multipliers Tubes characterization for WA105
experiment
Taller de Altas Energías en Benasque
Oral
Centro de Ciencias de Bensque Pedro Pascual (Spain)
September 4-17, 2016
8. D. Navas-Nicolás
Measurement of the neutrino mixing angle Theta13
in the Double Chooz experiment
Taller de Altas Energías en Benasque
Oral
Centro de Ciencias de Bensque Pedro Pascual (Spain)
September 4-17, 2016

15. C. Cuesta
ProtoDUNE-DP light readout
AIDA-2020 2nd Annual Meeting
Oral
Paris (France). April 4-7, 2017
16. I. Gil-Botella
Latest results of the Double Chooz reactor neutrino
experiment
EPS Conference on High Energy Physics
Oral
Venece (Italy). July 5-12, 2017
17. I. Gil-Botella
Astroparticle Physics at the DUNE Experiment
EPS Conference on High Energy Physics
Oral
Venece (Italy). July 5-12, 2017

9. D. Navas-Nicolás
New results of the Double Chooz multi-detector
experiment
Foreign Graduate Student Invitation Program
Oral
Tokyo Institute of Technology (Japan).
November 8, 2016

18. D. Navas-Nicolás
Measurement of the neutrino mixing angle theta13 in
the Double Chooz experiment
XXXVI Reunión Bienal de la Real Sociedad Española
de Física,
Oral
Santiago de Compostela (Spain). July 17-21, 2017

10. I. Gil-Botella
Latest results of the Double Chooz reactor neutrino
experiment
Seminario en la universidad de Bristol, H H Wills
Physics Laboratory
Oral
Bristol (UK). November 16, 2016

19. C. Lastoria
The light detection system for the WA105/
ProtoDUNE-DP neutrino detector at CERN
XXXVI Reunión Bienal de la Real Sociedad Española
de Física
Santiago de Compostela (Spain). July 17-21, 2017

11. C. Palomares
New results of the Double Chooz multi-detector.
International workshop on Next generation Nucleon
decay and Neutrino Detectors (NNN16)
Oral
Institute of High Energy Physics (ICHEP), Beijin (China)
November 3-5, 2016
12. I. Gil-Botella
Large cryogenic detectors
3rd Berkeley Workshop on the direct detection of dark
matter
Oral
Lawrence Berkeley National Laboratory (USA)
December 5-6, 2016

20 D. Navas-Nicolás
Measuring the neutrino mixing angle theta13 with
the Double Chooz experiment
VII International Pontecorvo Neutrino Summer School
Poster
Prague (Czech Republic).
August 20 - September 1, 2017
21. A. Gallego
Light Detection System for ProtoDUNE Dual Phase
International Summer School on High Energy Physics
Oral
Benasque (Spain). September 3-16, 2017
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22. C. Cuesta
Photon detection system for ProtoDUNE dual
phase
LIDINE 2017: LIght Detection In Noble Elements
Oral
SLAC National Accelerator Laboratory, CA (USA)
September 22-24, 2017

23. C. Cuesta
ProtoDUNE experiments at CERN
IX CPAN days
Oral
Santander (Spain). October 23-25, 2017

DIRECT DARK MATTER SEARCHES
1. M. Cárdenas Montes, B. Montes, R. Santorelli,
L. Romero
Evaluation of Decision Trees Algorithms for Position
Reconstruction in Argon Dark Matter Experiment
Hybrid Artificial Intelligence Systems, HAIS 2016
Oral
Sevilla (Spain). April 2016
2. R. Santorelli
The DarkSide-20k program: towards the most
sensitive Dark Matter detector
IX CPAN days
Oral (plenary)
Santander (Spain). October, 2017
3. R. Santorelli
First underground run of ArDM and measurement of
the attenuation length of the argon scintillation light
LIDINE 2017
Oral (plenary)
SLAC (USA). September, 2017

4. R. Santorelli
Impact of the positive ion current on large size
neutrino detectors and delayed photon emission
LIDINE 2017
Oral (plenary)
SLAC (USA). September, 2017
5. E. Sánchez García
R&D on noble gas detectors for neutrino and direct
Dark Matter searches
TAE 2017
Oral (plenary)
Benasque (Spain). September, 2017
6. P. García Abia
Dark Matter search activities of the CIEMAT group
14th Multidark Consolider Workshop
Oral (plenary)
Madrid (Spain). May, 2017
7. V. Pesudo
Scattering of halo nuclei on heavy targets at
energies around the Coulomb barrier: The case of
11Be on 197Au
Fusion17 (Hobart, Australia), February 2017.

COSMIC RAYS PHYSICS
1. A. Oliva
Precision Measurement of Boron-to-Carbon and
Carbon-to-Helium flux ratio in Cosmic Rays from 2
GV to 2 TV with the Alpha Magnetic Spectrometer
on the International Space Station
ICHEP 2016
Oral presentation
Chicago (USA). August, 2016

2. A. Oliva
Recent Results of the Alpha Magnetic Spectrometer
on the International Space Station
CRIS 2016
Invited plenary oral presentation and proceedings of
the conference
Ischia (Italy). June, 2016
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3. M. A. Velasco
Search for Cosmic Ray Anisotropy with AMS-02 on
the ISS
Physics and Astrophysics of Cosmic Rays in Space,
ISAPP 2016
Poster
Milan (Italy). September, 2016
4. A. Oliva
Precision Measurement of Boron-to-Carbon in
Cosmic rays
AMS DOE Review
Oral presentation
Washington (USA). September, 2016
5. J. Berdugo
Spanish Physics in AMS
AMS DOE Review
Oral presentation
Washington (USA). September, 2016
6. Hu Liu
The RICH detector of AMS-02: 5 years of operation
in space
RICH 2016
Oral presentation and proceedings
Bled (Slovenia). September, 2016
7. M. A. Velasco
Búsqueda de anisotropías en rayos cósmicos con el
espectrómetro magnético AMS-02
4ª jornada del Ciclo de Seminarios de Jóvenes
Investigadores del CIEMAT
Oral presentation
Madrid (Spain). November, 2016
8. A. Oliva
Recent Results of the AMS-02 Experiment on the
ISS
Seminar at the astrophysics schools of HUST
Oral presentation
Wuhan (China). November, 2016
9. A. Oliva
Recent Results of the AMS-02 Experiment on the
ISS
1st COMHEP
Oral presentation
Medellín (Colombia). December, 2016
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10. F. Giovacchini
AMS-02 RICH detector in space: status and results
INSTR17
Oral presentation
Novosibirsk (Russia). February, 2017
11. M. A. Velasco, J. Casaus, C. Mañá
Reference maps for anisotropy searches with AMS02
ICRC 2017
Poster presentation
Busan (South Korea). July, 2017
12. A. Oliva
Precision Measurement of the Boron-to-Carbon
Flux Ratio in Cosmic Rays with the Alpha Magnetic
Spectrometer on the ISS
ICRC 2017
Oral presentation
Busan (South Korea). July 2017
13. M. A. Velasco, J. Casaus
Measurement of anisotropies in cosmic ray arrival
directions with the AMS Detector on the Space
Station
EPS-HEP 2017
Poster presentation
Venice (Italy). July 2017
14. F. Giovacchini
Precision Measurement of 3He-to-4He ratio in
Cosmic Rays with the Alpha Magnetic Spectrometer
on the International Space Station
TeVPA 2017
Oral presentation
Columbus, Ohio (USA). August 2017
15. J. Casaus
Measurement of anisotropies in cosmic ray arrival
directions with the Alpha Magnetic Spectrometer on
the International Space Station
TeVPA 2017
Oral presentation
Columbus, Ohio (USA). August 2017
16. M. A. Velasco
Recent results of the AMS-02 experiment on the ISS
CRA 2017
Oral presentation
Guadalajara (México). October 2017
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DARK ENERGY PROJECTS
1. I. Sevilla-Noarbe
Observational Cosmology
XLIV International Meeting on Fundamental Physics
Oral (invited)
Madrid (Spain). April 04-08, 2016
2. E. Sánchez
The DESI project
IV Fundamental Cosmology Meeting
Oral (invited)
Barcelona (Spain). June 15-17, 2016
3. E. Sánchez
Large Galaxy Surveys for Dark Energy
Workshop on 21 cm, CMB and LSS
Oral (invited)
Madrid (Spain). June 13-July 1, 2016
4. R. Casas et al.
Characterization and Performance of PAUCam
filters
SPIE Astronomical Telescopes and Instrumentation
Poster
Edinburgh (UK). June 26-July 1, 2016
5. J. Jiménez et al.
The PAUCam readout electronics system
SPIE Astronomical Telescopes and Instrumentation
Poster
Edinburgh (UK). June 26-July 1, 2016
6. C. Padilla et al.
The PAU camera at the WHT
SPIE Astronomical Telescopes and Instrumentation
Poster
Edinburgh (UK). June 26-July 1, 2016
7. J. Jiménez et al.
DESI-GFA testbench facilities for CCD
characterization
SPIE Astronomical Telescopes and Instrumentation
Poster
Edinburgh (UK). June 26-July 1, 2016
8. M. García-Fernández
Cosmic Magnification in the Dark Energy Survey
XII Reunión Científica de la Sociedad Española de
Astronomía
Oral
Bilbao (Spain). July 18-22, 2016
9. I. Sevilla-Noarbe
The Science Verification Public Release of the Dark
Energy Survey
XII Reunión Científica de la Sociedad Española de
Astronomía
Oral
Bilbao (Spain). July 18-22, 2016

10. M. García-Fernández
Weak lensing magnification: a probe for the Dark
Universe
12th Iberian Cosmology Meeting
Oral
Valencia (Spain). April 10-12, 2017
11. E. Sánchez
Large Galaxy Surveys for Cosmology
PASCOS 2017
Oral (invited)
Madrid (Spain). June 19-23, 2017
12. C. Cruz de la Torre, J. de Vicente
Development of a technique based on DCDS for
CCD readout
19th Workshop on Radiation Imaging Detectors
Poster
Cracow (Poland). July 2-6, 2017
13. E. Sánchez
Status and recent results of the Dark Energy Survey
EPS-HEP 2017 Conference on High Energy Physics
Oral
Venece (Italy). July 5-12, 2017
14. M. García-Fernández
Weak lensing magnification: a probe for the Dark
Universe
XXXVI Reunión Bienal de la Real Sociedad Española
de Física
Oral
Santiago de Compostela (Spain). July 17-21, 2017
15. J. Frieman et al.
The Dark Energy Survey Y1 cosmology results
Understanding Cosmological Observations
Oral (invited)
Benasque (Spain). August 4, 2017
16. I. Sevilla-Noarbe
The Dark Energy Survey: status and current results
V Fundamental Cosmology Meeting
Oral (invited)
Teruel (Spain). September 11-13, 2017
17. M. Rodríguez-Monroy
Mitigation of depth inhomogeneities for clustering
estimators in large scale surveys
Cosmology School in the Canary Islands
Poster
Fuerteventura (Spain). September 18-22, 2017
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STARBURSTS PROJECT
1. M. Mollá
Properties of the outer regions of spiral disks:
abundances, colors and ages
Formation and evolution of Galaxy Outskirts
Oral
Toledo (Spain). March 14-18, 2016

6. M. Mollá
The evolution of the radial gradient of Oxygen
abundance in spiral galaxies
Chemical Abundances in Gaseous Nebulae
Oral
Campos do Jordão (Brazil). November 2-6, 2016

2. M. Mollá
The evolution of the Oxygen abundance radial
gradient and its relation with the star formation and
the infall rate histories
XII Reunión Científica de la Sociedad Española de
Astronomía
Oral
Bilbao (Spain). March 18-22, 2016

7. O. Cavichia, M. Mollá
Improving the determination of chemical
abundances in planetary nebulae
Chemical Abundances in Gaseous Nebulae
Oral
Campos do Jordão (Brazil). November 2-6, 2016

3. M. E. Moreno-Raya
Efecto de las galaxias anfitrionas en las
propiedades de las SNe
XII Reunión Científica de la Sociedad Española de
Astronomía
Oral
Bilbao (Spain). March 18-22, 2016
5. M. Mollá
The population of planetary nebulae near the
Galactic centre: chemical abundances
IAUS 323 Planetary Nebulae: Multi-wavelength
Probes of Stellar and Galactic Evolution
Poster
Pekin (China). October 10-14, 2016

8. O. Cavichia, M. Mollá
Modelling the formation of the galactic bulge
XLI Annual Meeting of the Brazilian Astronomical
Society
Oral
Sao Paulo (Brazil). September 4-8, 2017
9. M. Mollá
The role of the disks growth on the radial gradients
of abundances
The cosmic feast of the elements
Oral
Puebla (Mexico). October 23-27, 2017
10. M. Mollá
Spectral Library for PopStar MEGARA: a Filler
Project for MEGARA-GTC
Proposing and processing MEGARA observations with
GTC
Oral
Madrid (Spain). November 11-22, 2017

DETECTOR R&D
1. E. Calvo
Precision Mechanics for Calorimeter Structures.
CHEF2017. Calorimetry for the High Energy Frontier.
Lyon (France). October 2-6, 2017.
2. M. C. Fouz.
The Semi-Digital Hadronic Calorimeter (SDHCAL)
prototype.
CHEF2017. Calorimetry for the High Energy Frontier.
Lyon (France). October 2-6, 2017.
3. M. C. Fouz.
The SDHCAL prototype status; Present and Future.
IEEE Nuclear Science Symposium and Medical
Imaging Conference.
Strasbourg (France). 29 October-5 November 2016.

4. M. C. Fouz.
The SDHCAL prototype status; Present and Future.
LCWS2016. International Workshop on Future Linear
Colliders.
Morioka (Japan). December 5-9, 2016.
5. E. Calvo
Electron Beam Welding Studies
AIDA-2020 2nd Annual Meeting
Oral
Paris (France) April 2017
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SCIENTIFIC COMPUTING
1. J. E. Ramírez, A. Pérez-Calero,
J. M. Hernández
Exploiting multicore compute resources in the CMS
experiment
17th International workshop on Advanced Computing
and Analysis Techniques in physics research,
ACAT2016
Póster
Valparaíso (Chile). January 2016
2. J. Flix et al.
HTCondor deployment at PIC
HTCondor Workshop
Oral
Barcelona (Spain). March 2016
3. M. Cárdenas-Montes
Evaluating the Difficulty of Instances of the
Travelling Salesman Problem in the Nearby of the
Optimal Solution Based on Random Walk Exploration
Hybrid Artificial Intelligence Systems, HAIS 2016
Oral
Sevilla (Spain). April 2016
4. M. Cárdenas Montes
Predicting Hardness of Travelling Salesman
Problem Instances
Conferencia de la Asociación Española para la
Inteligencia Artificial
Oral
Salamanca (Spain). September 2016

8. J. Balcas, A. Perez-Calero et al.
Stability and scalability of the CMS Global Pool:
Pushing HTCondor and glideinWMS to new limits
International conference on Computing in High
Energy and Nuclear Physics, CHEP 2016
Oral
San Francisco (USA). October 2016
9. J. M. D Silva, J. M. Hernández et al.
Efficient monitoring of CRAB jobs at CMS
International conference on Computing in High
Energy and Nuclear Physics, CHEP 2016
Oral
San Francisco (USA). October 2016
10. M. Wolf, J. M. Hernández et al.
Use of DAGMan in CRAB3 to improve the splitting
of CMS user jobs
International conference on Computing in High
Energy and Nuclear Physics, CHEP 2016
Oral
San Francisco (USA). October 2016
11. D. Ciangottini, J. M. Hernández et al.
A comparison of different database technologies for
the CMS AsyncStageOut transfer database
International conference on Computing in High
Energy and Nuclear Physics, CHEP 2016
Oral
San Francisco (USA). October 2016

5. M. Alandes, J. Flix et al.
Consolidating WLCG topology and configuration in
the Computing Resource Information Catalogue
International conference on Computing in High
Energy and Nuclear Physics, CHEP 2016
Oral
San Francisco (USA). October 2016

12. J. Balcas, J. M. Hernández, A. Pérez-Calero
et al.
Effective HTCondor-based monitoring system for
CMS
International conference on Computing in High
Energy and Nuclear Physics, CHEP 2016
Oral
San Francisco (USA). October 2016

6. J. Balcas, A. Perez-Calero et al.
CMS Connect
International conference on Computing in High
Energy and Nuclear Physics, CHEP 2016
Oral
San Francisco (USA). October 2016

13. A. Pérez-Calero, J. M. Hernández et al.
CMS readiness for multi-core workload scheduling
International conference on Computing in High
Energy and Nuclear Physics, CHEP 2016
Oral
San Francisco (USA). October 2016

7. J. Balcas, A. Perez-Calero et al.
Connecting Restricted, High-Availability, or LowLatency Resources to a Seamless Global Pool for
CMS
International conference on Computing in High
Energy and Nuclear Physics, CHEP 2016
Oral
San Francisco (USA). October 2016

14. M. Cárdenas Montes
Bin Recycling Strategy for an Accuracy-Aware
Implementation of Two-Point Angular Correlation
Function on GPU
International Conference on Algorithms and
Architectures for Parallel Processing
Oral
Granada (Spain). Decemer 2016
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15. J. Flix, J. M. Hernández, A. Pérez-Calero et
al.
The LHC Tier-1 at PIC: ten years of operations
International Symposium on Grids and Clouds (ISGC)
2017
Oral
Taipei (Taiwan). March 2017

19. A. Gómez-Iglesias, M. Cárdenas Montes
Time and Energy to Solution Evaluation for the
Three-Point Angular Correlation Function
2017 IEEE International Parallel and Distributed
Processing Symposium
Oral
Orlando (USA). June 2017

16. J. Flix
PIC Report
HEPIX Spring 2017 Workshop
Oral
Budapest (Hungary). April 2017

20. J. Flix
WLCG Costs Model(s)
WLCG Workshop
Oral
Manchester (UK). June 2017

17. I. Méndez-Jiménez, M. Cárdenas Montes, J.
J. Rodríguez-Vázquez, I. Sevilla-Noarbe,
E. Sánchez Álvaro, M. A. Vega-Rodríguez
An Accuracy-Aware Implementation of Two-Point
Three-Dimensional Correlation Function using BinRecycling Strategy on GPU
International Symposium on Cluster, Cloud and Grid
Computing
Oral
Madrid (Spain). May 2017

21. J. Flix
Spanish perspective on Scientific Computing over
the next decade
3rd Scientific Computing Forum
Oral
Geneva (Swizerland). October 2017

18. M. Cárdenas Montes
Incorporating More Scaled Differences to
Differential Evolution
Hybrid Artificial Intelligence Systems, HAIS 2017
Oral
Logroño (Spain). June 2017

22. J. Flix
PIC Report
HEPIX Fall 2017 Workshop (KEK)
Oral
Tsukuba (Japan). October 2017

MdM-CFP. REPORT OF ACTIVITIES 2016-2017

95

5.5 TRAINING AND EDUCATION
ACTIVITIES
PhD THESES
1. Enrique Calvo Alamillo
Caracterización de las propiedades mecánicas
de uniones pegadas sometidas a ambientes
radiactivos en sistemas de alineación de detectores
de partículas.
Universidad de Cantabria (February 2016)
Supervisors: Ramón Sancibrián & Fernando Viadero
2. Bárbara Montes Núñez
Analysis of the first underground run and
background studies of the Argon Dark Matter
experiment.
Universidad Complutense de Madrid (April 2016)
Supervisors: Luciano Romero & Roberto Santorelli
3. Manuel Emilio Moreno-Raya
Relación de la luminosidad de las supernovas de
tipo Ia con las abundancias elementales de sus
galaxias anfitrionas.
Universidad Complutense de Madrid (July 2016)
Supervisor: Mercedes Mollá

4. Alberto Escalante del Valle
Measurement of associated Z+charm production
and Search for W’ bosons in the CMS experiment at
the LHC.
Universidad Complutense de Madrid (April 2017)
Supervisors: Juan Pablo Fernández & Juan Alcaraz
5. José Mariano López Castaño
Evaluación e impacto del fondo en la medida del
ángulo de mezcla θ13 en el experiment Double
Chooz
Universidad Complutense de Madrid (June 2017)
Supervisor: Carmen Palomares
6. Manuel García Fernández
Weak-lensing magnification as a probe for the dark
universe
Universidad Autónoma de Madrid (July 2017)
Supervisors: Eusebio Sánchez & Ignacio Sevilla

MASTER THESES
1. Elena Areses Aguado (CMS)
Búsqueda de bosones W’ en el estado final muónneutrino usando datos de colisiones protón-protón
a 8 TeV, tomados por el detector CMS en el LHC
Universidad Complutense de Madrid (September 2016)
Supervisor: Begoña de la Cruz Martinez
2. Martín Rodríguez Monroy (DES)
Estructura a gran escala con el Dark Energy Survey:
generación de randoms para el cálculo de la función
de correlación angular
Universidad Complutense de Madrid (September 2016)
Supervisor: Ignacio Sevilla Noarbe
3. Edgar Sánchez García (ArDM)
Argon and xenon scintillation studies with high
pressure gas detectors
Universidad Complutense de Madrid (July 2017)
Supervisor: Roberto Santorelli

4. Pablo Martínez Albertos (CMS)
Medida de la sección eficaz de producción de dos
bosones vectoriales W en colisiones protón-protón
a √s = 13 TeV con datos del experimento CMS del
LHC (CERN).
Universidad Complutense de Madrid (July 2017)
Supervisor: M. Isabel Josa Mutuberria
5. Pablo Santos del Peral (Estallidos)
Estudio del cociente M∗/L en modelos evolutivos
de galaxias
Universidad Complutense de Madrid (July 2017)
Supervisor: Mercedes Mollá
6. Marcelino Martín Pajares (Estallidos)
Modelos PopStar para cúmulos estelares de masas
iguales o menores de 104 masas solares
Universidad Complutense de Madrid (July 2017)
Supervisor: Mercedes Mollá
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7. Marcos Allende (WA105)
Estudio de la colección de luz en el experimento de
neutrinos WA105
Universidad Complutense de Madrid (July 2017)
Supervisors: Inés Gil Botella, Carmen Palomares
& Clara Cuesta
8. Andrés Salinas Fernández (DarkSide)
Neutron background determination in the DarkSide20k experiment for dark matter direct detection
Universidad Autónoma de Madrid (September 2017)
Supervisors: Roberto Santorelli & Pablo García Abia
9. Jorge Sabater (CMS)
Measurement of c-jet tagging efficiencies in W
associated with charm production at sqrt(s) = 13 TeV
with the CMS detector at the LHC
Universidad Complutense de Madrid (September 2017)
Supervisors: J. P. Fernández & J. M. Hernández
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10. Paloma López Reyes (DES)
Evaluación de calidad de los datos de los tres
primeros años del Dark Energy Survey
Universidad Complutense de Madrid (September 2017)
Supervisor: Ignacio Sevilla Noarbe
11. Leticia Corral Bustamante (Estallidos)
Relación de las Abundancias N/O con la Tasa de
Formación Estelar SFR en los Modelos de Evolución
Química
Universidad Internacional de Valencia (November 2017)
Supervisor: Mercedes Mollá
12. Miguel Ángel Benavente Roldán (Estallidos)
El papel del polvo en los modelos de evolución
química
Universidad Internacional de Valencia (November 2017)
Supervisor: Mercedes Mollá

INTERNSHIPS
1. Pablo Muñoz Perez
Caracterización con temperatura del retardo en los
módulos de distribución de Trigger de CTA.
Universidad Complutense de Madrid Máster en nuevas
tecnologías electrónicas y fotónicas. (June 2016)
Supervisor: Gustavo Martínez Botella

6. Diego Sánchez Fernández
Estudio de colisiones protón-protón tomados por el
detector CMS del LHC del CERN: inicio
a investigación en física de partículas.
Universidad Complutense de Madrid. (June 2017)
Supervisor: Begoña de la Cruz Martinez

2. José Joaquín Hernández Ronquillo
Prácticas Externas: máster en Nuevas Tecnologías
Electrónicas y Fotónicas.
Universidad Complutense de Madrid. (July 2016)
Supervisors: Juan Francisco de Vicente Albendea
(CIEMAT) & Antonio Quiroga (UCM)

7. José Ángel Rodríguez Gutiérrez
Caracterización de un generador de patrones
de 1Gs/s basado en FPGA.
Univ. Complutense Madrid. Master en nuevas
tecnologías electrónicas y fotónicas (June 2017)
Supervisor: Gustavo Martínez Botella

3. Pablo San Miguel Claveria
Identificación de bosones Z usando datos de
colisiones protón-protón tomados por el detector
CMS del LHC del CERN.
Universidad Complutense de Madrid. (September 2016)
Supervisor: Begoña de la Cruz Martínez

8. Jaime León Holgado
Detección de anti-neutrinos electrónicos en el
detector cercano de Double Chooz
Universidad Complutense de Madrid. (June 2017)
Supervisor: M. Carmen Palomares Espiga

4. Juan Mena Fernández
Caracterización del espectro de rayos cósmicos y
expectativas para futuros experimentos espaciales.
Universidad Complutense de Madrid (Facultad de
Ciencias Físicas). (June 2017)
Supervisor: Jorge Casaus Armentano
5. Raquel Galazo García
Estudio de colisiones protón-protón tomados
por el detector CMS del LHC del CERN: inicio a
investigación en física de partículas.
Universidad Complutense de Madrid. (June 2017)
Supervisor: Begoña de la Cruz Martínez

9. Miguel Lobo Puga
Diseño y cálculo estructura de telescopios para
física de partículas.
Escuela Técnica Superior de Ingeniería aeronáutica
y del espacio. (June 2017)
Supervisor: Carlos Díaz Ginzo
10. Alfonso Polo Domínguez
Diseño y cálculo estructura de telescopios para
física de partículas.
Escuela Técnica Superior de Ingeniería aeronáutica
y del espacio. (June 2017)
Supervisor: Carlos Díaz Ginzo
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11. Jorge Moreno González
Física experimental de neutrinos y detectores de
partículas
Universidad Autónoma de Madrid. (July 2017)
Supervisor: Inés Gil Botella

UNIVERSITY COURSES
1. Practical statistics Statistics.
9th CERN Latin-American school of High Energy
Physics
Carlos Mañá Barrera. 120 assistants.
San Juan del Rio (Mexico). March 8-21, 2017
2. Programación de tarjetas GPU con CUDA
(Programming GPU boards with CUDA).
Miguel Cárdenas Montes and Juan José Rodríguez
Vázquez. 20 assistants.
Madrid (Spain). October 2017

3. CMS Data Analysis School.
Lecture “Physics at CMS”, Teacher: Juan Alcaraz.
Hamburg (Germany). September 2016
4. Experimental Particle Physics and Cosmology,
official course in the Master of Theoretical Physics,
Complutense University of Madrid. 6 ECTS credits.
Teachers: Begoña de la Cruz (coordinator), Mary
Cruz Fouz, Jesús Puerta, Isabel Josa, Carmen
Palomares, Ignacio Sevilla, José María Hernández,
Miguel Cárdenas, Inés Gil, Juan Pablo Fernández,
Carlos Mañá, Pablo García-Abia. Academic years
2015-2016, 2016-2017 and 2017-2018.
Complutense University. Madrid (Spain)

SEMINARS AT CIEMAT
María de Maeztu Seminars.
Series of topical seminars organized by the CIEMATFP Training and Education working group
1. New results on gravitational waves with the
LIGO experiment.
Alicia Sintes Olives (UIB), researcher of the Instituto
de Estudios Espaciales de Cataluña (IEEC), member
of the LIGO council and the GEO executive
committee.
June 27, 2016
2. Dark Matter at the low mass frontier: light
WIMPs and axions with TREX-DM and IAXO.
Igor Irastorza, researcher of the Nuclear Physics and
Astroparticles at U. Zaragoza.
December 20, 2016
3. CTA concept and some developments at
CIEMAT.
Carlos Delgado, Researcher of the Astroparticle
Physics Division at CIEMAT.
January 26, 2017

4. Cosmic ray study with the AMS experiment at
the International Space Station.
Javier Berdugo, Researcher of the Astroparticle
Physics Division at CIEMAT.
February 23, 2017
5. Components of a particle accelerator.
Fernando Toral, leader of the Accelerators Group at
CIEMAT, Department of Technology.
March 23, 2017
6. Measurement of the neutrino mixing angle θ13
in the Double Chooz experiment.
Diana Navas, Ph. D. student of the Particle Physics
Division at CIEMAT.
April 20, 2017
7. TPC origins and Neutrinoless double beta
decay.
David Nygren, Presidential Distinguished Professor
of Physics, University of Texas at Arlington.
May 16, 2017
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8. The conceptual basis for the Time-Reversal
Violation - and CPTV - with unstable particles.
José Bernabéu Alberola, Professor emeritus of
Theoretical Physics of the University of Valencia,
IFIC researcher (CSIC-UV) and member of the Royal
Academy of Sciences.
June 15, 2017
9. Search for rare processes in the top quark
sector in proton-proton collisions at CMS.
Mar Barrio, Ph. D. student of the Particle Physics
Division at CIEMAT.
June 29, 2017
10. Dark Energy Survey: Year 1 results summary.
Ignacio Sevilla, Researcher of the Astroparticle
Physics Division at CIEMAT.
September 14, 2017
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11. Studying neutrinos with the Majorana
Demonstrator and the COHERENT experiment.
Clara Cuesta, Postdoctoral researcher of the Particle
Physics Division at CIEMAT.
October 26, 2017
12. Neutrino Oscillations.
Prof. Takaaki Kajita, Director of the ICRR, University
of Tokyo.
November 15, 2017
13. Playing hide-and-seek with new physics at
the LHC.
Juan Antonio Aguilar Saavedra, Professor of Dept. of
Theoretical Physics Granada University.
December 18, 2017
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5.6 OUTREACH ACTIVITIES

High school students

Talks at high school

FOR HIGH SCHOOL TEACHERS
1. Introduction to Particle Physics and
Cosmology, course for high school science and
technology teachers.
Co-organized by CIEMAT and the Education
Council of the Madrid Autonomous Region.
Coordinator: Pablo García-Abia. Teachers: P.
García-Abia, Eusebio Sánchez, José María
Hernández.
CIEMAT. Madrid (Spain). February 2016
2. Introduction to Particle Physics and
Cosmology, course for high school science and
technology teachers. Co-organized by CIEMAT and
the Education Council of the Madrid Autonomous
Region. Teachers: Begoña de la Cruz, Miguel
Cárdenas.
CIEMAT. Madrid (Spain). February 2017
3. Particle Physics and Cosmology workshop,
advanced workshop for high school science and
technology teachers. Co-organized by CIEMAT and
the Education Council of the Madrid Autonomous
Region. Teachers: José María Hernández, Eusebio
Sánchez Álvaro, Pablo García-Abia.
CIEMAT. Madrid (Spain). February 2017

4. Spanish Language Teachers Programme,
workshop for high school teachers in Spanish
Language at CERN. Co-organized by CERN and
CIEMAT. Coordinator: Pablo García-Abia & others.
Teachers: Pablo García-Abia, Ines Gil, Antonio
Delgado & others.
CERN. Geneva (Switzerland). June 2016.
5. Spanish Teachers Programme,
workshop for high school teachers from Spain
at CERN. Co-organized by CERN and CIEMAT.
Coordinator: Pablo García-Abia & others. Teachers:
Pablo García-Abia, Ines Gil & others.
CERN. Geneva (Switzerland). June 2017
6. Mexican Teachers Programme,
workshop for high school teachers from Mexico
at CERN. Co-organized by CERN and CIEMAT.
Coordinator: Pablo García-Abia & others. Teachers:
Pablo García-Abia & others.
CERN. Geneva (Switzerland). July 2017
7. International High School Teachers Programme,
workshop for high school teachers at CERN.
Teachers: Inés Gil & others.
CERN. Geneva (Switzerland). July 2016 & July 2017
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FOR HIGH SCHOOL STUDENTS
1. CPAN series of high school seminars:
talks about the different topics and experiments
of the CIEMAT-CFP Unit in high schools, in the
framework of the CPAN national program for
students. 25 participant members of the unit.
• Academic year 2015/2016: 39 talks, 3295
students reached.
• Academic year 2016/2017: 53 talks, 4646
students reached.
• Academic year 2017/2018: 73 talks, 7500
students reached (forecast)
2. International Particle Physics Outreach
Group (IPPOG) Masterclass 2016: International
masterclass for high school students. Introduction
to particle physics and CMS data analysis.
Organizers & teachers: Juan Pablo Fernández, José
María Hernández, Pablo García-Abia, Isabel Josa,
Begoña de la Cruz, Jesús Puerta, Mary-Cruz Fouz,
Cristina Fernández.
CIEMAT. Madrid (Spain). March 2016
3. Particle Physics Masterclass - Science Week
2016:
Masterclass for high school students in the
framework of the Spanish Science Week.
Introduction to particle physics and CMS data
analysis. Organizers & teachers: Juan Pablo
Fernández, José María Hernández, Pablo GarcíaAbia, Isabel Josa, Begoña de la Cruz, Jesús Puerta,
Mary-Cruz Fouz, Cristina Fernández.
CIEMAT. Madrid (Spain). November 2016
4. International Day of Women and Girls in
science 2016:
Several activities organised by CIEMAT-FP outreach
and equality commissions. Visits to Laboratories,
Science Dating, Girl’s Masterclass. Organizers
& teachers: Juan Pablo Fernández, José María
Hernández, Pablo García-Abia, Isabel Josa,
Begoña de la Cruz, Jesús Puerta, Mary-Cruz Fouz,
Cristina Fernández, Inés Gil, Carmen Palomares,
Mercedes Mollá.
CIEMAT. Madrid (Spain). February 2017

5. International Particle Physics Outreach
Group (IPPOG) Masterclass 2017: International
masterclass for high school students. Introduction
to particle physics and CMS data analysis.
Organizers & teachers: Juan Pablo Fernández, José
María Hernández, Pablo García-Abia, Isabel Josa,
Begoña de la Cruz, Jesús Puerta, Mary-Cruz Fouz,
Cristina Fernández.
CIEMAT. Madrid (Spain). March 2017
6. 4º ESO & enterprise:
Visit of ESO (high school) students to the dark
matter CIEMAT lab. Pablo García-Abia, Roberto
Santorelli.
CIEMAT. Madrid (Spain). May 2017
7. Dark Matter Day:
Conferences and lab visits at CIEMAT. Organizers:
Pablo García-Abia, Roberto Santorelli, Vicente
Pesudo, Luciano Romero, Edgar Sánchez.
CIEMAT. Madrid (Spain). October 2017
8. Particle Physics Masterclass - Science Week
2017:
Masterclass for high school students in the
framework of the Spanish Science Week.
Introduction to particle physics and CMS data
analysis. Organizers & teachers: Juan Pablo
Fernández, José María Hernández, Pablo GarcíaAbia, Isabel Josa, Begoña de la Cruz, Jesús
Puerta, Mary-Cruz Fouz, Cristina Fernández.
CIEMAT. Madrid (Spain). November 2017
9. PIC maintains a program in collaboration with
Universidad Autónoma de Barcelona,
which organizes visits by high schools, including a
tour of the facilities and explanation of the science
and technologies involved. In particular the center
is very active in the ESCOLAB program since 2011,
an initiative of the Barcelona Science Program of
the Culture Institute and the Education Institute
of the Barcelona City Council, offering outreach
activities for high-schools in Barcelona area.
Around 350 students have visited PIC in 2016 and
600 in 2017. PIC participates in the “CPAN en el
instituto” program and has offered several outreach
talks for “Fundació Catalana de la Recerca i la
Innovació“.
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GENERAL PUBLIC LECTURES
1. “El Premio Nobel de Física 2015”
Manuel Aguilar-Benitez.
Royal Academy of Sciences. Madrid (Spain).
March 20, 2016.
2. “El Gran Acelerador LHC del CERN”.
Manuel Aguilar-Benitez.
Engineering Institute of Spain (Madrid, Spain).
May 23, 2016
3. “For women in science”.
Event organized by L’Oreal and Unesco. Begoña de
la Cruz, participation in Science Dating as senior
researcher.
Madrid (Spain). September 29, 2016
4. “Más allá del Bosón de Higgs”.
Pablo García-Abia.
Madrid Planetarium. Madrid (Spain). October 1, 2016
5. “El enigma de los neutrinos desaparecidos y
otros relatos”.
Manuel Aguilar-Benitez. Promotional programme
of scientific and technological culture by the Royal
Academy of Sciences.
House of Sciences. Logroño (Spain). March 9, 2017
6. Conference “El enigma de los neutrinos
desaparecidos y otros relatos”.
Manuel Aguilar-Benitez. Promotional program of
scientific and technological culture by the Royal
Academy of Sciences.
Royal Academy of History and Arts. Segovia (Spain).
March 30, 2017

7. “Pint of Science ES”. Meetings with scientists.
Pablo García-Abia.
Madrid (Spain). May 17, 2017
8. “El retorno del acelerador LHC del CERN”
Manuel Aguilar-Benitez.
Programme “Science for all”. Royal Academy of
Sciences. Madrid (Spain). May 18, 2017
9. Round table “Gender and scientific vocation”.
Mercedes Mollá.
Toledo (Spain). May 18, 2017
10. “La igualdad de género aplicada y promovida
desde la SEA”,
Science and Gender Equality in Scientific Societies.
COSCE. Mercedes Mollá.
Madrid (Spain). June 15, 2017
11. “Un viaje hacia lo infinitamente pequeño”.
Isabel Josa.
Astronomical Association of Madrid. Madrid (Spain).
November 15, 2017
12. “Descubriendo el universo extremo desde La
Palma”
Carlos Delgado,
Teatro Circo de Marte. La Palma (Spain).
November 8, 2017
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5.7 IN THE MEDIA
PRESS
1. “Measuring the expansion of the Universe at
CIEMAT”.
Article published at Vertices. Authors: Ignacio
Sevilla, Francisco Javier Rodriguez Calonge,
Eusebio Sánchez Álvaro.
July 2016

3. “Five years of data taking with AMS”.
Article published in the Spanish Astronomical
Society Bulletin. Authors: Javier Berdugo, Carlos
Mañá.
December 2016

2. “The Maria de Maeztu Excellence Award to
Experimental Particle and Astroparticle Physics
Research at CIEMAT”.
Article published at Vertices. Authors: Nicanor
Colino, Jesús Puerta Pelayo.
July 2016

RADIO & TV
1. Radio Program “A hombros de gigantes”.
Specialized in scientific outreach radio show at
RNE (Spanish National Radio Network). Jesús
Puerta Pelayo: regular collaborator of the show,
responsible for the particle physics section.
20 interventions
2016/2017 period.
2. Radio Program “He venido a hablar de lo
mío”.
Radio show at RNE (Spanish National Radio
Network). Begoña de la Cruz:
interview on
September 1, 2016.
3. Radio Program “La bolsa y la vida”.
Radio show at Capital Radio. Carmen Palomares:
interview on 9 February 2017 about the
International Women and Girls.
Science 2017
4. Radio Program “A hombros de gigantes”.
Radio show at RNE (Spanish National Radio
Network). Carmen Palomares: interview on 14
February 2017 about the International Women and
Girls.
Science 2017

5. Radio Program “Sostenible y renovable”.
Radio show at RNE (Spanish National Radio
Network). Isabel Josa / Begoña de la Cruz: interview
on 14 February 2017 about the International Women
and Girls.
Science 2017
6. Radio Program “Sostenible y renovable”.
Radio show at RNE (Spanish National Radio
Network). Pablo García Abia: interview.
March 1, 2017 about Dark matter.
7. Radio Program “La mecánica del caracol”.
Radio show at Radio Euskadi. Mercedes Mollá:
interview
June 8, 2017
8. Radio Program “España vuelta y vuelta”.
Radio show at RNE (Spanish National Radio
Network). Clara Cuesta: interview
July 17, 2017
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SOCIAL NETWORKS, WEBS & BLOGS
1. Regular participation in the CIEMAT
institutional website news feed.
22 press releases published during the
2016/2017 period.
2. “First observation of an elusive neutrino –
nucleus collision”.
Interview by SINC Agency. Clara Cuesta.
August 2017

3. “Illuminating the hunt for neutrinos”.
Published at AIDA2020 website. Clara Cuesta.
September 2017
4. “Shedding light on ProtoDUNE-DP light
detection”.
Published at DUNE & LBNF website. Clara Cuesta.
November 2017
5. Maintenance of the twitter and Facebook
CIEMAT-FP accounts.
Over 200 tweets
2016/2017 period.

cfp.ciemat.es

