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Message from the Director

TheCentro de Astropartículas y Física de Altas Energías(CAPA) is a new research institute of Zaragoza University

devoted to particle physics, astrophysics and cosmology. We combine theory, simulations and experiments to deal

with the major challenges at the frontier of those research areas in collaboration with a large family of partners and

international collaborators.

In our second year we have experimented the positive e�ects of the creation of the CAPA. In particular we have

gained visibility and expanded the list of research members. We incorporated six new members, including a Ramón

y Cajal fellow, a Marie Curie fellow and two María Zambrano senior postdocs. In the same line we have obtained

two substantial and interesting new grants: one in the Program ofPlanes Complementarios de I+D+I en Astrofísica

y Física de Altas Energías en Aragónand another one in theQuantum Spain projectof the Ministerio de Asuntos

Económicos y Transformación Digital.

The newMaster on Physics of the Universe: Cosmology, Astrophysics, Particles and Astroparticleswas launched

and it will be our main training school in the nearest future. We have organized several international conferences. In

particular, we organized as CAPA theXVIII International Meeting on Fundamental Physicsin the Centro de Ciencias

de Benasque Pedro Pascual, the �rst in-person global national meeting on particle physics after the pandemic outbreak

and also theTAE2021�International Workshop on High Energy Physics, the �rst postpandemic HEP school in Spain

with a very large in-person participation.

Outreach activities have also increased its impact and participation along the year with particular emphasis in the

gender issues promoting the role of women and girls in science and technology.
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General description of CAPA

TheCentro de Astropartículas y Física de Altas Energías(CAPA) of the University of Zaragoza, is a research center

created in 2019 to foster the research in the �elds of high energy physics, particle and nuclear physics, astrophysics,

cosmology, astroparticle physics and theory, as well as in related technological developments. The center was built

encompassing the research groups and lines already active in the University of Zaragoza in the aforementioned topics,

some of them with a long and recognised trajectory.

1.1 | Main objectives

Apart from the general aim stated above, CAPA has the following speci�c objectives, as stated in its �memoria de

creación�:

1. Promote the presence of CAPA researchers in national and international scienti�c forums, increasing their

speci�c weight in the mentioned �elds of research.

2. Promote and support administratively new funding requests from the CAPA members, both in national programs

(e.g. national R&D plans, María de Maeztu,...), as well as in international ones (European Research Council

(ERC), European Innovation Council (EIC), European Cooperation in Science and Technology (COST), and

others.)

3. Foster the creation of new synergies among the di�erent research lines, especially between the theory and

experimental areas.

4. Strengthen the participation of CAPA members in the Aragonese research centers related with the mentioned

areas: theLaboratorio Subterráneo de Canfranc(LSC) and theCentro de Ciencias de Benasque Pedro Pascual

(CCBPP), as well as to promote collaboration with theCentro de Física del Cosmos de Aragón(CEFCA).

5. Promote activites of specialized training and facilitate the incorporation of young scientist and technical

manpower to the scienti�c community.

6. Assure the corresponding transfer of the knowledge created in this �eld of research to the industrial sector.
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8 Chapter 1. General description of CAPA

7. Promote the scienti�c culture of the society through the realization of outreach activities addressed to the

general public.

1.2 | Organizative structure

Single-person governing positions:

Director: Manuel Asorey
Deputy Director: Igor G. Irastorza
Secretary: José Manuel Carmona
Scienti�c advisory board:
Francisco del Aguila U. Granada
Inés Gil-Botella CIEMAT, Madrid
Axel Lindner DESY, Hamburg
Teresa Marrodán MPI, Heidelberg
Antonio Pich IFIC, Valencia

CAPA was created as acenterof the University of Zaragoza and as

such it is regulated by the University's statutes. The CAPA organi-

zative structure includes the center'sCouncil, which is composed by

all the PhDs of the center plus representatives of the PhD students

and technical personnel. The Council is the body that, among other

things, elects theDirector of the center, and approves (after the Di-

rector's proposal) itsdeputy Directorand itsSecretary. The Director

represents the CAPA and, among other things, organizes and leads the

actions needed to better achieve the center's objectives. The center

also counts with an external scienti�c advisory board, chaired by the

Director and including at least other �ve scientists of recognised prestige. This board is in charge of evaluating the

annual report of CAPA, and advising its governing bodies on the activities of the center and strategical matters. The

name of the persons currently holding the mentioned uni-personal positions at CAPA, as well as the members of the

advisory board, are listed in the attached table.

1.3 | Areas of activity and research groups

The CAPA community encompasses several research groups active in the �elds mentioned above, both in theoretical

and experimental aspects. Regarding experimental research, CAPA inherits from the long-standing trajectory of

the Nuclear and Astroparticle Physics groups, responsible of the pioneering research on low background techniques

and underground experimentation that were the seed of the current Laboratorio Subterráneo de Canfranc (LSC).

These groups are nowadays involved in several of the experiments at LSC and in particular are the leaders of WIMP

dark matter experiments like ANAIS or TREX-DM, as well as in axion searches like BabyIAXO and RADES. The

CAPA researchers are also active in more transversal developments of novel detector concepts and low background

know-how in general. The center counts with the LABAC, a laboratory performing environmental radioactivity

monitoring. Regarding the theoretical research, CAPA members also inherit a long standing trajectory in Theoretical

and Particle Physics. At present they are active in a number of frontier aspects of particle and astroparticle physics.

The most relevant are: axion theory, astrophysics and cosmology; the phenomenology of beyond-SM particle physics

models; quantum gravity phenomenology and lattice �eld theory. It also leads a COST Action, CA18138. Detailed

information of the research lines performed at CAPA is given in section 3.
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Human resources

In December 2020, 14 new CAPA members and 6 external collaborators were admitted. They were 9 research trainees

and one technician, one permanent sta� member (Pablo Díaz), two postdocs associated to research projects (Konrad

Altenmüller and Bodo Schwabe), and a researcher Juan de la Cierva (Juan Antonio García) that will become a Marie

Curie fellow in 2022. One of the six new external collaborators (Alejandro Vaquero) will be joining in 2022 as a

Ramón y Cajal fellow. It is also important to add that in early 2022, CAPA formally approved the admission of two

new members that in practice had joined in 2021 (a research trainee and a technician) and of two researchers from

Lawrence Livermore National Laboratory (USA) who won a María Zambrano grant in 2021 and are working now in

Zaragoza.

At the end of 2021, CAPA had a total of 71 members. Its gender gap is shown in Fig. 2.1. We have tried to

improve the gender issues and attracted a new woman scientist who will join CAPA in 2022. Besides this, CAPA has

also carried out speci�c activities addressed to female students, as described in Sec. 7.

Figure 2.1: CAPA gender gap.
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10 Chapter 2. Human resources

CAPA members are distributed in the following personnel categories:

1. Teaching and research permanent sta�

2. Teaching and research temporary sta�

3. Collaborators from the University of Zaragoza (UZ)

4. Administration and technical sta�

5. Research trainees (doctorate level)

6. Collaborators from external institutions

The distribution in percentages and in absolute numbers are shown in Fig. 2.2. The list of members as of end of

2021 is shown in Table 2.1.
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Table 2.1: List of CAPA members as of end of 2021.

Name Personnel category

Agustín Camón Lasheras Permanent sta�

Alfonso Tarancon La�ta Permanent sta�

Ana Maria Salinas Baldellou Permanent sta�

Eduardo Follana Adin Permanent sta�

Eduardo García Abancéns Permanent sta�

Fernando Falceto Blecua Permanent sta�

Gloria Luzón Marco Permanent sta�

Igor García Irastorza Permanent sta�

Inés Cavero Peláez Permanent sta�

Javier Redondo Martín Permanent sta�

Jesús Clemente Gallardo Permanent sta�

Jesús Gomez Gardeñes Permanent sta�

Jorge Puimedón Santolaria Permanent sta�

José Fernando Cariñena Marzo Permanent sta�

José Luis Cortés Azcoiti Permanent sta�

José Manuel Carmona Martínez Permanent sta�

José Vicente García Esteve Permanent sta�

Luis Fernando Velázquez Campoy Permanent sta�

Manuel Asorey Carballeira Permanent sta�

Manuel Clemente Membrado Ibáñez Permanent sta�

María Luisa Sarsa Sarsa Permanent sta�

María Martínez Pérez Permanent sta�

Pablo Díaz Benito Permanent sta�

Siannah Peñaranda Rivas Permanent sta�

Susana Cebrián Guajardo Permanent sta�

Theopisti Dafní Permanent sta�

Vicente Azcoiti Pérez Permanent sta�

Yamir Moreno Vega Permanent sta�

Ysrael Richard Ortigoza Paredes Permanent sta�

Bodo Georg Schwabe Temporary sta�

Carlos Pobes Aranda Temporary sta�

Cristina Margalejo Blasco Temporary sta�

Francisco Javier Jiménez Albericio Temporary sta�

Javier Galan Lacarra Temporary sta�

Juan Antonio García Pascual Temporary sta�

Konrad Altenmüller Temporary sta�

Name Personnel category

Carlos Bouthelier Madre Research trainees

David Cintas González Research trainees

David Díez Ibáñez Research trainees

David Martínez Crespo Research trainees

Eduardo Royo Amondarain Research trainees

Fernando Ezquerro Sastre Research trainees

Iván Coarasa Casas Research trainees

Jorge Alda Gallo Research trainees

Luis Antonio Obis Aparicio Research trainees

Maykoll A. Reyes Hung Research trainees

Óscar Pérez Lázaro Research trainees

Yiseli Martínez Pérez Research trainees

Amalio Fernández-Pacheco Pérez UZ Collaborators

Antonio José Seguí Santonja UZ Collaborators

César Asensio Chaves UZ Collaborators

José Luis Alonso Buj UZ Collaborators

José Mariano Gracia Bondía UZ Collaborators

Julio César Amaré Tafalla UZ Collaborators

Miguel Ángel Pérez Torres UZ Collaborators

Patricia Villar Gómez UZ Collaborators

Rafael Núñez-Lagos Roglá UZ Collaborators

Alfonso Ortiz de Solórzano Aurusa Admin & technical sta�

Carmen Pérez Marín Admin & technical sta�

Francisco Javier Mena Alastuey Admin & technical sta�

Héctor Mirallas Sánchez Admin & technical sta�

Juan Francisco Castel Pablo Admin & technical sta�

Pedro José Justes Aizpún Admin & technical sta�

Virginia Rodríguez Romeo Admin & technical sta�

Alejandro Vaquero Avilés-Casco External Collaborators

Ciaran O'Hare External Collaborators

Fernando Arteche González External Collaborators

Héctor Gómez Maluenda External Collaborators

José Javier Relancio Martínez External Collaborators

Laura Seguí Iglesia External Collaborators

Sven Heinemeyer External Collaborators
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Figure 2.2: Distribution of CAPA members in categories of personnel, as percentage (upper plot) and in absolute
numbers (bottom).



3

Research lines achievements

This section describes the various core research lines being pursued at CAPA, in the �elds of cosmology, astrophysics,

astroparticle and particle physics, both in theoretical and experimental aspects, with an emphasis on the achievements

in 2021. Several of these lines describe activities corresponding to well de�ned funded projects (see annexes A

and B), while others correspond to more speci�c research lines framed within larger projects (but of su�cient entity

as to deserve their own subsection here), research activity of more transversal character (e.g. R&D), or emerging

activities or collaborations with external colleagues. Some CAPA members are also members of other �neighboring�

research institutes like the BIFI (Biophysics and Complex Systems Institute) or the INMA (Nanotechnology and

Materials Institute) and not all their research output can be adscribed to genuine CAPA research lines, something that

can be seen in the automatically-produced list of publications in annex N. In addition, some of the newer members

still enjoy scienti�c production from the previous projects in non-CAPA a�liations. In the following section we

describe only the research lines fully considered within the CAPA scope. We divide them in experiment and theory

research lines.

Experiment

The experimental research lines at CAPA largely inherit from the long-standing trajectory of the Nuclear and Astropar-

ticle Physics group (GIFNA), responsible of the pioneering research on low background techniques and underground

experimentation that were the seed of the current Laboratorio Subterráneo de Canfranc (LSC). Nowadays, GIFNA is

an associated unit to the LSC, and its members participate actively in several of the approved experiment at the LSC.

In particular they are the leaders of WIMP dark matter experiments like ANAIS (section 3.2) or TREX-DM (section

3.3), and participate in the DarkSide-20k project to be hosted at Gran Sasso Laboratory, but with a ancillary setup

DART at the LSC (section 3.4). They play a leading role in axion experiments like BabyIAXO (section 3.1) and

RADES (section 3.6), the former to be hosted at DESY, but with detector prototyping activity at the LSC, and funded

by a prestigious ERC-AdG grant. The relation to LSC make CAPA ade factogateway to LSC for many external

collaborators that seek the collaboration of CAPA members when implementing their projects at LSC. In this respect

there is more speci�c contributions to other current (or future) neutrino projects like NEXT, Hyper-Kamiokande or

LiquidO (section 3.5), mostly on radiopurity and low background expertise. The CAPA researchers are also active

13



14 Chapter 3. Research lines achievements

in more transversal developments of novel detector concepts and low background know-how in general (e.g. section

3.7). Finally, the center counts with the LABAC, a laboratory performing environmental radioactivity monitoring

(section 3.8).

3.1 | Search for solar axions with the International Axion Observatory

(IAXO)

Responsible investigator(s) / coordinator(s):

Igor G. Irastorza sta�

Gloria Luzón sta�

Researchers involved:

Theopisti Dafni sta�

Susana Cebrián sta�

Javier Redondo sta�

Javier Galán postdoc

Konrad Altenmueller postdoc

Juan A. García Pascual postdoc (JdlC)

Jaime Ruz postdoc (MZ)

Julia Vogel postdoc (MZ)

Cristina Margalejo predoc

Oscar Pérez predoc

Luis Obis predoc

David Díez Ibáñez predoc

Technical support:

Alfonso Ortiz de Solórzano engineer

Hector Mirallas engineer

Juan Castel engineer

Javier Mena technician

Javier Galindo engineer

The International Axion Observatory (IAXO) is the largest interna-

tional collaboration in search for axions, with more than 125 scientists

from more than 20 institutions. Axions are hypothetical particles ap-

pearing in extensions of the Standard Model (SM) of particle physics

featuring the Peccei-Quinn (PQ) mechanism. This mechanism was

postulated in the 1970s to solve thestrong CP problem, a somewhat

technical but fundamental problem of the SM, that regards why the

strong interactions do not seem to violate the time-reversal symmetry,

as the electroweak interaction does. In addition, axions are an ex-

cellent candidate to compose the Dark Matter (DM) of the Universe,

and that is the reason why they are now among the most important

goals of experimental searches of new physics beyond the SM. Axions

(as well as their relatives, axion-like particles or ALPs) are sought in

various ways, depending on theorigin of these axions: cosmological,

laboratory or astrophysical axions.

IAXO belongs to the latter category, as it follows the concept of

anaxion helioscope, whose main goal is to search for axions emitted

from the Sun, although it could additionally host other setups targeting

di�erent sources of axions. A generic property of axions is that they

couple with photons in a way that axion�photon conversion (and vice

versa) can occur in the presence of strong magnetic or electric �elds.

This phenomenon is the basis of axion production in stars, as well as

of most strategies for detecting axions. Magnets are therefore at the

core of any axion experiment, as is the case for axion helioscopes.

In these experiments, solar axions crossing the magnet may convert

into x-rays that can be subsequently detected in devices placed at the

end of the magnetic �eld region. This is the strategy followed by the

CERN Axion Solar Telescope (CAST) that, using a decommissioned LHC magnet, has been the most powerful

axion helioscope built so far. After almost two decades of operation, CAST has put the strongest limits yet on the

axion�photon coupling across a range of axion masses (see Fig. 3.3, surpassing previous astrophysical limits for the

�rst time and probing relevant axion models of sub-electron-volt mass. IAXO was conceived as a new generation

axion helioscope that builds on the CAST experience, and aims to provide a substantially improved sensitivity to go
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deep into unexplored axion parameter space.

Figure 3.1:Sketch of the IAXO infrastructure as described in its conceptual
design, showing the magnet and the eight detection lines including optics and
detectors. The overall assembly is placed on a rotating platform to follow the
Sun.

The central component of IAXO is a purpose-

built large-scale superconducting magnet similar

to those used in large HEP detectors. It follows

a toroidal con�guration, and includes eight large

�user� bores in which the solar axions can convert

into x-rays. All of them are equipped with optics

that concentrate the signal x-rays into small very

sensitive low-background detectors. These x-ray

optics are based on the re�ection of x-rays by mir-

rors at grazing incident angle, technologies used

in x-ray astronomy. The detectors will image the

signal photons at the focal spot with very low level

of background, achieved by means of techniques

similar to that used in underground experiments:

the use of radiopure detector components, pas-

sive and active shielding of environmental and

cosmic radiation, and o�ine event discrimination techniques. The whole infrastructure is installed on a movable

platform that allows tracking the Sun for about half the time. The baseline design of IAXO, shown in �gure 3.1, is

endowed with a sensitivity to solar axions of about 5 orders of magnitude better in signal-to-noise-ratio than CAST.

As a prior stage towards IAXO, the collaboration is planning the construction and operation of BabyIAXO, an

intermediate scale version of IAXO. It is conceived to test all IAXO subsystems (magnet, optics and detectors) at a

relevant scale for the �nal system and thus serve as a prototype for IAXO, but at the same time as a fully-�edged

Figure 3.2:CAD design of the full BabyIAXO infrastructure, as described in its conceptual design, including the two-bore magnet, and the two
detection lines, with x-ray telescopes and focal plane detectors, the latter surrounded by their shielding. All the assembly is placed on a support
frame and positioner to keep the optical axis of the experiment pointing to the Sun. The overall system length is about 19 meters. The focal length
is of 7.5 m for the line equipped with the XMM optics, and of 5 m for the custom-made optics.
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helioscope with relevant physics reach itself. The conceptual design of BabyIAXO is shown in �gure 3.2. The

BabyIAXO magnet will feature two 10 m long, 70 cm diameter bores, and will host two detection lines (optics and

detector) of dimensions similar to the �nal ones foreseen for IAXO.

The project has been approved to be hosted by DESY, which o�ers an ideal environment to BabyIAXO as part of

its emerging axion experimental program. The collaboration has been strengthened during the last years, and counts

now 125 scientists, which make IAXO the largest collaboration in axion physics. In particular, the project relies on

the superconducting magnet expertise from CERN. Indeed both the designs of the IAXO and BabyIAXO magnet have

been carried out by CERN magnet experts, the latter with partial support form the CERN Physics Beyond Colliders

(PBC) study group. Recently an agreement has been signed between DESY and CERN to frame such contribution,

which will continue during the construction phase. One of the two x-ray optics to be used in BabyIAXO is a �ight

spare module of the XMM-Newton mission that has been kindly lent to the collaboration by the European Spaca

Agency (ESA). The second one will be built by the collaboration, as a prototype for the future IAXO optics. It will

be the �rst large-scale optics speci�cally designed and built for axion physics. The baseline detectors to be placed at

the focal point of the optics are small time projection chambers read with Micromegas readout planes of microbulk

type. These detectors have achieved record background levels after many years of development especially within

the CAST experiment. However, a portfolio of additional x-ray detection technologies is being developed in the

collaboration, especially in view of IAXO, including Ingrid detectors, Magnetic Metallic Calorimeters, Silicon Drift

Detectors or Transition Edge Sensors. These technologies could provide improved performance (e.g. in terms of

energy threshold and resolution) that could be particularly important e.g. in case of a positive detection, to extract

additional information from the data, like the mass or other couplings of the axion.

Figure 3.3: Sensitivity plot of IAXO and BabyIAXO in the primary axion-
photon coupling versus axion mass parameter space, compared with the QCD
axion (yellow) band and other current (solid) and future (dashed) experimental
and observational limits

BabyIAXO is expected to get ready for

physics by 2026, and then a baseline data tak-

ing program with both vacuum and a bu�er

gas in the magnet bores will follow. With

this BabyIAXO will detect or reject solar ax-

ions with axion-photon couplings down to�
1.5� 10� 11 GeV� 1, and masses up to� 0.25eV.

BabyIAXO will o�er additional opportunities for

axion research in view of IAXO, like the tests of

improved detectors such as the ones mentioned

above, or the implementation of radiofrequency-

cavity-based setups to search for dark matter ax-

ions (see section 3.6). The latter is being stud-

ied under the RADES project, already producing

results in the CAST magnet, and also exploit-

ing technological synergies with CERN exper-

tise. Figure 3.3 shows the sensitivity prospects

of both BabyIAXO and IAXO in their baseline

con�gurations, within the current context of ax-

ion searches. BabyIAXO, and later on IAXO, will go well beyond current upper bounds on the axion-photon coupling
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