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Message from the Director

The year 2025 marks a historic milestone for the Centro de Astropartículas y Física de Altas Energías (CAPA).

After many years of sustained scienti�c growth and institutional development, CAPA has o�cially been established

as a University Research Institute of the University of Zaragoza. The formal approval of the Institute took place

in June 2025, completing a long administrative process and ful�lling a central objective that has guided the CAPA

community since the center's creation.

The transition from research center to university institute represents an important recognition of the scienti�c

maturity, impact, and international visibility achieved by CAPA over the past decade. It also provides a stronger

institutional framework to further develop our research activities, strengthen collaborations, and expand our techno-

logical and training initiatives. Becoming a research institute brings new opportunities but also new responsibilities,

including the consolidation of governance structures, the de�nition of a strategic plan, and the continued growth of

our scienti�c community.

For this reason, 2025 has in many respects been a transition year. While the research activities described in

this report largely re�ect the continuity of the work carried out in previous years, important e�orts have also been

devoted to implementing the organizational structure of the new Institute and preparing the foundations for its future

development. The organizational framework of the Institute is already described in the corresponding chapter of this

report. However, other elements of this transition are only partially re�ected here. In particular, the work on de�ning

the Institute's long-term strategy is still ongoing and will be consolidated in a strategic plan that will be released later

in the year. Consequently, this report does not yet include a dedicated strategy section.

Similarly, the research chapter continues to follow the structure used in previous years. While this allows

continuity and comparability with earlier reports, future editions will progressively adapt the presentation of CAPA's

research activities to the new structure of the Institute. Another important novelty is the creation of the CAPA

Technological Unit, which aims to strengthen instrumentation development, technological innovation and service

to the research lines, and identi�cation of transfer opportunities. Some considerations regarding this new unit are

included in the infrastructure chapter of the present report.

Despite the institutional transition, CAPA members have continued to maintain a strong level of scienti�c activity

and international engagement. Our researchers remain deeply involved in leading international collaborations, major

experimental projects, and theoretical developments in astroparticle physics, cosmology, and high-energy physics.

The vitality of these activities is re�ected in the scienti�c output summarized in this report, as well as in the continued

participation of CAPA members in international conferences, advisory boards, and evaluation panels.
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An especially positive development in 2025 has been CAPA's success in several highly competitive national

excellence programs aimed at attracting outstanding research talent. CAPA candidates obtained awards in the three

Juan de la Cierva, Beatriz Galindo, and Ramón y Cajal (two positions) calls during the year. These results re�ect

the attractiveness and scienti�c strength of the CAPA environment. Unfortunately, due to circumstances on the

candidates' side, not all of these opportunities led to incorporation contracts at the Institute. Ultimately, only the two

Ramón y Cajal positions will join CAPA next year, with Filiberto Ares strengthening the theoretical area and Elisa

Ruiz-Chóliz reinforcing the Institute's experimental research activities.

CAPA has also continued to strengthen its role in training the next generation of scientists through the Master in

Physics of the Universe and the doctoral program at the University of Zaragoza, as well as through the supervision of

numerous doctoral and master's theses. Outreach and engagement with society remain a de�ning element of CAPA's

identity, with multiple activities aimed at communicating the excitement and societal value of fundamental research.

As we present this report, CAPA begins a new stage of its history as a fully recognized University Research

Institute. The achievements described in the following pages demonstrate the strength of the scienti�c community

that has made this transition possible. Building on this foundation, we look forward to the coming years with ambition

and enthusiasm, con�dent that CAPA will continue to grow as an international reference in astroparticle physics and

high-energy physics research.

Igor G. Irastorza

CAPA Director



1

General description of CAPA

The Centro de Astropartículas y Física de Altas Energías (CAPA) has been, since June 2025, a University Research

Institute (Instituto Universitario de Investigación) of the University of Zaragoza. It is built upon the homonymous

research centre created in 2019. The objective of CAPA is to promote and coordinate research in the areas of high-

energy physics, particle and nuclear physics, astrophysics, cosmology, astroparticle physics and theoretical physics,

as well as in related technological developments. The centre was established by integrating the research groups and

lines already active at the University of Zaragoza in the aforementioned �elds, several of which have a long-standing

and widely recognised scienti�c trajectory.

1.1 | Main objectives

Apart from the general aim stated above, CAPA has the following speci�c objectives, which expand those from the

former center, as stated in its �memoria de creación�1:

1. To promote scienti�c excellence, technological development, and knowledge transfer in the �elds of high-

energy physics, nuclear and particle physics, astrophysics, cosmology, astroparticle physics, and theoretical

physics, strengthening and consolidating the research framework at regional, national, and international levels.

2. To enhance the national and international presence of researchers from the University of Zaragoza involved in

the aforementioned research �elds, aiming to increase their in�uence in these areas and fostering signi�cant

participation in collaborations and research centers of the highest international level in these disciplines.

3. To promote the active participation of the Institute's members in closely related research infrastructures

in Aragón, in particular the Laboratorio Subterráneo de Canfranc (LSC), the Observatorio Astrofísico de

Javalambre (OAJ), and the Centro de Ciencias de Benasque Pedro Pascual (CCBPP). In particular, to strengthen

scienti�c collaboration, through joint research projects and, when appropriate, cooperation agreements, with

other research centers in Aragón with related topics, such as the Centro de Estudios de Física del Cosmos de

Aragón (CEFCA) or the Instituto Tecnológico de Aragón (ITAinnova), among others.

4. To promote cooperation and strengthen relations with other centers, departments, and university research

institutes of the University of Zaragoza, as well as with other public or private entities, both national and

1The �memoria de creación� of the new CAPA research institute can be found here (in Spanish)
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international, within the scope of its competences, in order to foster greater integration into the European

Research Area.

5. To catalyze synergies among members from the di�erent areas involved, in particular between theoretical and

experimental research.

6. To organize, develop, and evaluate its research, development, innovation, and knowledge transfer plans in the

aforementioned �elds.

7. To promote the acquisition of the �nancial resources necessary to ful�ll the Institute's objectives. In particular,

to encourage and provide institutional support for funding applications in both national programs (such as

the National Plans for Scienti�c and Technical Research, María de Maeztu, etc.) and international programs

(European Research Council (ERC), European Innovation Council (EIC), European Cooperation in Science

and Technology (COST), among others).

8. To promote science outreach as a cultural activity, especially concerning the research topics and results of the

Institute, as well as engagement with society in order to demonstrate the bene�ts of decision-making based on

scienti�c knowledge.

9. To contribute to gender balance at all stages of the research career through actions aligned with gender initiatives

in science, technology, engineering, and mathematics (STEM).

10. To promote specialized training activities, facilitating the incorporation of young scientists and technologists

into the research career.

11. To contribute to the organization, management, and delivery of master's and doctoral programs in the �elds

covered by its activities, within the framework of the regulations of the University of Zaragoza.

12. To serve as a reference center for technological information, dissemination, and transfer of research results.

13. To promote the identi�cation of innovation and knowledge-transfer opportunities arising from the Institute's

core basic research activities, and to foster collaboration with companies and technological centers when

required.

14. To carry out any other functions assigned to it, in accordance with the law, by the Internal Regulations in force,

the strategic plans of the University of Zaragoza, and the various Regional Plans for Research, Development,

and Knowledge Transfer prepared by the Government of Aragón.

In order to better align the activities presented in this report to the aforementioned objectives, they will be referred

to when appropriate in the following chapters.
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1.2 | Organizational structure

Single-person governing positions:

Director: Igor G. Irastorza
Deputy Director: Gloria Luzón
Scienti�c Secretary: Eduardo Follana
Theoretical area responsible: José M. Carmona
Experimental area responsible: Gloria Luzón
Technological area responsible: Héctor Gómez
External scienti�c advisory board:
Inés Gil-Botella CIEMAT, Madrid
Axel Lindner DESY, Hamburg
Teresa Marrodán MPIK, Heidelberg
Antonio Pich IFIC, Valencia
Domènec Espriu U. Barcelona

CAPA was established as a University Research

Institute of the University of Zaragoza in June

2025 and, as such, is governed by the University's

statutes. Although the present report covers activi-

ties during the �transition� year 2025, the organiza-

tional structure of the new Institute is preliminarily

(as some things are still being rolled out) outlined

below.

CAPA's organizational structure includes the

Institute's Council, composed of all PhD members

of the center together with representatives of the

PhD students and the technical sta�. The Council

is the body that, among other functions, elects the Director of the Institute and approves, following the Director's

proposal, the appointment of the Deputy Directors, the Scienti�c Secretary, and the Area Coordinators. The Di-

rector represents CAPA and, among other responsibilities, coordinates and leads the actions required to achieve the

Institute's objectives.

The Institute also has an external Scienti�c Advisory Board, chaired by the Director and composed of at least

�ve additional scientists of recognized international prestige. This board is responsible for evaluating CAPA's annual

report and advising its governing bodies on the Institute's activities and strategic matters. The names of the individuals

currently holding the aforementioned positions at CAPA, as well as the members of the Advisory Board, are listed in

the attached table.

As a novelty with respect to the former center, CAPA is now organized into three thematic areas: theoretical,

experimental, and technological. The latter, referred to as the CAPA Technological Unit, pursues speci�c objectives

related to the development, integration, and transfer of advanced instrumentation and technologies arising from the

institute's research activities, as brie�y described in section 8 below. This structure aims to strengthen the connection

between fundamental research, experimental implementation, and technological innovation. An Internal Advisory

Committee has also been established to provide strategic guidance to the institute's directorate, help monitor scienti�c

progress, and advise on the implementation of CAPA's strategy.

In addition, a number of transversal committees are being deployed to support the functioning and strategic

development of the institute. These committees address areas such as talent attraction and development, training and

mentoring, internationalization, outreach and dissemination, equality and diversity, as well as technical coordination

and technology transfer. As the full organizational structure is still in the process of being implemented, a more

detailed description will be provided in the next year's report.

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
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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, and participate in several other international collaborations. The center counts with the LABAC, a

laboratory performing environmental radioactivity monitoring, as a node of a network funded by the �Consejo de

Seguridad Nuclear� (CSN, Spanish Nuclear Regulatory Commission). 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. CAPA is an institution represented in the EuCAPT Council and participates in the COST Action

CA23130, "bridging high and low energies in search of quantum gravity", that started in September 2024. J. M.

Carmona is one of the two Spanish Management Committee members. Detailed information of the research lines

performed at CAPA is given in section 3.



2

Human resources

In 2025 CAPA had a total of 86 members, a slight decrease with respect to the previous year. In Fig. 2.2 (right) we

show the temporal evolution of CAPA membership, that accumulates more than 50% increase since the creation of

the center in 2019. The age distribution of CAPA members is shown in Fig. 2.1 (left).

Its gender gap is shown in Fig. 2.1 (right). It has signi�cantly decreased with respect to 2024. During 2025

CAPA has become a "Instituto de investigación propio", and that status imposes stricter restrictions on membership

of CAPA. As a consequence, a number of mostly permanent members are no longer in the Institute, all of them male.

This explains the decrease in the total number of members as well as the decrease in the gender gap. CAPA has been

continuing carrying out speci�c activities addressed to female students to attract women to science, as described in

Sec. 7.

In this year's report we have included everyone that has been a member during 2025 and will presumably continue

as an "asociado", a category similar to the previous external collaborators, even if they were not o�cially a member

as of the end of 2025.

Figure 2.1: CAPA members age distribution in 2025 (left) and gender gap (right).
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Figure 2.2: Distribution of CAPA members in categories of personnel in 2025 as percentage (left) and temporal
evolution during the last years (right).

CAPA members are distributed in the following personnel categories:

1. Teaching and research permanent sta� of the University of Zaragoza.

2. Teaching and research temporary sta� of the University of Zaragoza, including here project-funded postdoc-

toral contracts, but also recipients of excellence postdoctoral programs (e.g. Ramón y Cajal, Beatriz Galindo,

etc...)

3. Research trainees, which include early-stage researchers (PhD student level) normally enrolled in the doctoral

program of the University.

4. Collaborators from the University of Zaragoza. This is a recognized category in the University including

researchers from other institutions with recognized ascription to the University.

5. Technologists and technical sta�, including project-based positions.

6. Administration sta�.

7. Collaborators from external institutions.

The distribution in percentages is shown in Fig. 2.2 (left). Compared with the situation at the end of 2024, CAPA

has slightly increased the proportion of research trainees and technical sta�. The new permanent sta� are J.A. García

Pascual (formerly temporary sta�) and H. Gómez Maluenda (formerly an external collaborator).

The complete list of members in 2025 is in appendix O.
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Research lines & achievements

As CAPA has recently transitioned to an institute structure, its scienti�c activities are currently undergoing a process

of reorganization and consolidation into broader research lines. Nevertheless, for the present report the structure

of this section follows that of previous editions, in order to maintain continuity with earlier reports while the new

organization is progressively implemented.

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

astroparticle physics, and particle physics. It covers both theoretical and experimental activities, emphasizing the

main achievements during 2025. The content directly aligns with the overarching mission of CAPA, as described

in Section 1. To the extent that this research is conducted within international collaborations, or relies on strategic

regional infrastructures such as the LSC, it also contributes to speci�c objectives 1 to 4 (see Section 1.1). In

several cases, the same scienti�c goals are approached from both theoretical and experimental perspectives, thereby

addressing objective 5 as well.

Several of these lines describe activities corresponding to well-de�ned funded projects (see annexes A and B).

Others correspond to more speci�c research lines framed within larger projects (but of su�cient entity to deserve

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

collaborations with external colleagues.

15
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Experimental area

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 experiments 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 and, since 2024, also by a ERC-SyG. The relation with LSC make CAPA a de facto

gateway to LSC for many external collaborators that seek the collaboration of CAPA members when implementing

their projects at LSC. In this respect there are more speci�c contributions to other current (or future) neutrino projects

like CROSS, NEXT, Hyper-Kamiokande or others (section 3.5), mostly on radiopurity and low background detector

expertise. The CAPA researchers are also active in more transversal developments on novel scintillator detector

concepts within the LiquidO/CLOUD consortium (section 3.7). Finding ways to transfer the research knowledge

to the society is also one of the goals of CAPA. In this respect, we count with he long-standing activity of the

LABAC laboratory (section 3.8), which applies the expertise on low radioactivity techniques to the environmental

radioactivity monitoring, contributing to the public health of the population within the net of the Spanish Nuclear

Regulatory Commission.
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3.1 | Axion searches with the International Axion Observatory (IAXO)

Responsible investigator(s) / coordinator(s):

Igor G. Irastorza Permanent sta�
Gloria Luzón Permanent sta�
Researchers involved:
Theopisti Dafni Permanent sta�
Susana Cebrián Permanent sta�
Javier Redondo Permanent sta�
Fernando Arteche Permanent sta� (ITA)
Juan A. García Pascual Permanent sta�
Héctor Gómez Permanent sta�
Javier Galindo Permanent sta� (ITA)
Maurizio Giannotti Temporary sta� (BG)
Cristina Margalejo Research trainee
Oscar Pérez Research trainee
Luis Obis Research trainee
David Díez Ibáñez Research trainee
Ana Quintana Research trainee
Alvaro Ezquerro Research trainee
María Jiménez Puyuelo Research trainee
Jorge Porrón Research trainee
Technical support:
Alfonso Ortiz de Solórzano Engineer
Hector Mirallas Engineer
Juan Castel Engineer
Jorge Marqués Engineer
Ángel Rodríguez Engineer
Javier Mena Technician
Angel de Mira Technician

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

national collaboration in search for axions, with more than 125

scientists from more than 20 institutions. Axions are hypotheti-

cal particles appearing 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 the strong

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 excellent 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 [1], de-

pending on the origin of these axions: cosmological, laboratory or

astrophysical axions.

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

of an axion 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 [2] (see Fig. 3.2), 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 [3], and aims to provide a substantially improved sensitivity to go deep into unexplored axion parameter

space [4].

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 mirrors 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, passive and active shielding of environmental and cosmic
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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.

Figure 3.1: Sketch of the IAXO infrastructure as described in its conceptual
design [3], 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.

Figure 3.2: 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

As a prior stage towards IAXO, the collabo-

ration 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

helioscope with relevant physics reach itself. The

conceptual design of BabyIAXO [5] is shown in

�gure 3.3. 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 exper-

imental program. The collaboration has been

strengthened during the last years, and counts now

125 scientists, which make IAXO the largest col-

laboration in axion physics. In particular, the

project relies on the superconducting magnet ex-

pertise from CERN. Indeed both the designs of the

IAXO and BabyIAXO magnet have been carried

out by CERN magnet experts.

One of the two x-ray optics to be used in BabyI-

AXO is a �ight spare module of the XMM-Newton

mission that has been kindly lent to the collabo-

ration by the European Space 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. How-

ever, a portfolio of additional x-ray detection technologies is being developed in the collaboration, especially in view

of IAXO, including Gridpix detectors, Magnetic Metallic Calorimeters (MMC), Silicon Drift Detectors (SSD) or

Transition Edge Sensors (TES). These technologies could provide improved performance (e.g. in terms of energy
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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: CAD design of the full BabyIAXO infrastructure, updated from
the one described in its conceptual design [5], 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.

BabyIAXO will detect or reject solar axions

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

IAXO will o�er additional opportunities for ax-

ion 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, something being explored within the RADES

project. The latter concept connects with quantum

technologies, a connection that will be boosted by

the DarkQuantum project, a ERC-SyG granted in

2023 (see section 3.6). Figure 3.2 shows the sen-

sitivity prospects of both BabyIAXO and IAXO

in their baseline con�gurations, within the cur-

rent context of axion searches. BabyIAXO, and

later on IAXO, will go well beyond current upper

bounds on the axion-photon coupling from CAST

and astrophysics, and venture deep into unexplored

areas, in particular probing a large fraction of QCD

axion models in the meV to eV mass band. This region encompasses the values invoked to solve the transparency

anomaly, and the ones solving the stellar cooling anomalies, as well as a number of other possible hints. It also

includes some of the axion models that can account to the totality of dark matter. Most of this region can only be

reached realistically by using the helioscope technique, and therefore the BabyIAXO/IAXO program is unique in

the wider landscape of experimental axion searches. In the case of a positive detection, (Baby)IAXO will permit

high-precision measurements campaigns to determine axion parameters and getting further insight into the underlying

axion models. In any case, IAXO is bound to play an important role in the future of axion and ALP research, with

potential for a discovery, already at the BabyIAXO stage.

The CAPA group in IAXO plays a central role in the IAXO collaboration, as continuation of the long trajectory of

research in the CAST experiment at CERN, that culminated with the IAXO path�nder system that took data in CAST

in the last data taking campaigns of the experiment. CAPA researcher and IAXO spokesperson Igor G. Irastorza was

a recipient a ERC-AdG in 2019-2024 that has allowed to push BabyIAXO to construction phase. The CAPA group

leads the conception, design and construction of the low background Micromegas detectors for the two BabyIAXO

focal points. In this respect, IAXO-D1, the �rst prototype with form-factor fully compatible with the BabyIAXO

geometry was �nalized in 2022. Three replicas of such prototype are now taking data, one underground at the LSC,

and the other one at the IAXOlab of CAPA, with the goal to provide insight on the background components; a third

one was moved to DESY in 2025, and is the �rst BabyIAXO detector now taking background data at the experiment's

host lab. The LSC setup have proven background levels of 5.5 � 10�7 nfu1 with Xe and 1.7 � 10�7 nfu with Ar. The

1nfu � normalized �ux units � counts/keV/cm 2/s
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higher background observed with Xe pointed to222Rn contamination, likely originating from the gas recirculation

�lters. Dedicated studies in 2024 con�rmed this hypothesis, showing that backgrounds increase in closed-loop gas

circulation and decrease to � 1.8 � 10�7 nfu in open-loop operation. Low-gain measurements further revealed

strong alpha activity in closed-loop conditions, consistent with radon presence. These results indicate that the

intrinsic background of IAXO-D1 with Ar satis�es the requirements for BabyIAXO when radon contamination from

the recirculation system is avoided.

CAPA members are also leading the software and radiopurity working groups of the collaboration.

3.1.1 | Achievements in 2025

In 2025, the collaboration has initiated the construction of several key subsystems of the experiment, including the

detection lines, the experimental platform and drive system, as well as the optics and detector assemblies. The

superconducting magnet remains the critical path item. An updated Conceptual Design Report (CDR) was reviewed

this year by an external expert panel, with a very positive assessment. The �rst kilometer of BabyIAXO Rutherford

cable has already been delivered, and production of the remaining length will continue through 2026. A clear

roadmap has been established for the procurement of the �nal aluminum-stabilized superconducting cable, involving

a Chinese manufacturer. In parallel, planning for the full construction of BabyIAXO, with the participation of

CERN-TE, is progressively taking shape. A new on-surface site has been identi�ed at DESY, enabling the possibility

of a magnet-less installation and commissioning phase in 2027, followed by a hidden-photon run in 2028. Other

signi�cant achievements in 2025, particularly those involving work carried out at CAPA, are summarized below.

1. During 2025, e�orts with the IAXO-D1 prototype at LSC have focused on investigating possible ways to

mitigate radon contamination in the recirculation system. A 60 L bu�er volume was installed in the gas system,

increasing the total gas volume of the setup (Fig. 3.4, right). After testing the system with a detector at the

Zaragoza laboratory, it was integrated into the IAXO-D1 gas system at the LSC. To validate the upgrade,

background data were taken in low-gain mode with the bu�er volume �lled at 1.4 bar, corresponding to an

increase of approximately a factor 30 in the total gas volume of the system. Under these conditions, an

alpha background of (85 � 11) � 10 �7 counts/cm2/s was measured, representing a reduction by about one

Figure 3.4: IAXO-D1 setup at the LSC. Left: Picture of the detector system with the lead shielding opened. The di�erent components of the
experimental setup are labeled. Right: Picture of the complete detector system, including the gas system with the bu�er volume of 60 L installed
in 2025.
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order of magnitude compared to previous measurements in recirculation mode. Additionally, the system

was validated through a background data-taking campaign at nominal gain, yielding a background level of

(4.4 � 0.7) � 10 �7 nfu.

Following these studies, additional tests were carried out to evaluate the possibility of operating the system

in recirculation without �lters. These tests showed that the gas quality degrades rapidly due to oxygen and

moisture contamination, making stable long-term operation without �lters unfeasible. In parallel, a background

measurement campaign is being performed with the connection of �eld-shaping rings (�eld shapers) to

investigate whether they a�ect the spatial distribution of background events on the readout compared to

operation without them. Preliminary results indicate that the detector energy resolution improves by up to 25%

at 5.9 keV under this con�guration. At the same time, other strategies to further reduce radon contamination

in the recirculation system are currently under investigation.

2. The IAXO-D1 setup at the CAPA IAXOlab, that included the neutron-tagging active shielding, went through a

completely new refurbishment due to the appearance of detector connectivity problems. A newer Micromegas

readout plane was received from CERN and the detector was installed and the shielding re-mounted around it

(Fig. 3.5). Operations have recently resumed to produce background runs, compare them with underground

runs and get insight on the capability to remove cosmic-induced events.

Figure 3.5: IAXO-D1 setup at the CAPA IAXOLab. Left: New Micromegas readout plane. Right: Detector re-installed with part of the
passive lead shielding mounted.

3. Electromagnetic characterisation of the environment in which the detector is being commissioned is underway.

The aim of these studies is to optimise the integration of the DAQ system with the ancillary systems of the

experiment. The analysis will enable the identi�cation of potential noise sources that require mitigation,

as well as sensitive areas and systems that may a�ect the DAQ. As part of this e�ort, conducted-noise

measurements have been performed on the electrical installation at the CAPA IAXOlab, and the collected data

are currently being analysed. The objective is to reduce the system's background noise level, which is impacted

by the integration of the electronics. In parallel, the original ARC acquisition system has been characterized,

and a detailed study of its operation and control has been concluded. An electromagnetic susceptibility

characterization of the experiment in the ITA semi-anechoic chamber has been conducted. The test included

the original ARC, the detector, and the powering systems. Mitigation strategies have been proposed and a

further detailed study will be conducted in the RadioPure ARC when available. In addition, a best-practices

guide/report is being prepared to support the integration of electronic equipment, covering both electrical and

electronic aspects.



22 Chapter 3. Research lines & achievements

Figure 3.6: Successful fabrication of the two BabyIAXO vacuum lines. The image shows the large stainless steel sections during the Factory
Acceptance Test (FAT). Following successful completion of the FAT, the vacuum lines were transported to DESY.

4. A dedicated study of the spatial resolution of the BabyIAXO Micromegas prototype was published during 2025

[6]. In this work, the performance of the IAXO-D1 Micromegas detector was evaluated using a low-energy

X-ray beam at the SOLEIL synchrotron facility. The measurements consisted of scanning the detector under

di�erent beam energies, positions and drift-�eld con�gurations in order to characterise their impact on the

reconstruction capabilities of the detector. Achieving a spatial resolution at the sub-millimetre level is essential

for the BabyIAXO experiment, as it allows an accurate reconstruction of the topology and position of signal

candidates and improves the discrimination between signal and background events. The study demonstrate

that the detector can reach a spatial resolution of about 100 mm at 6 keV. These results con�rm the excellent

performance of the Micromegas technology for the �nal BabyIAXO X-ray detectors and validate the design

choices adopted for the IAXO-D1 prototype.

5. Following approval from DESY engineering of the components and the launch of the corresponding tenders

in 2024, the construction and validation tests of the two BabyIAXO beamlines were successfully completed in

2025. Their transport to DESY took place last December (see Fig. 3.6).

6. The work to accurately determine the expected sensitivity in BabyIAXO, by MonteCarlo ray-tracing techniques

in REST-for-Physics [7] �nished in 2024, was �nally published in 2025 [8]

7. The CAPA team continuously contributes to phenomenological studies that broaden the scienti�c scope of

the IAXO program beyond its baseline solar-helioscope operation. In particular, in 2025 the study [9] was

published on the prospects for detecting a burst of axions from a future Galactic core-collapse supernova with

IAXO, showing that the experiment could provide unique sensitivity to such transient signals and signi�cantly

extend its discovery potential beyond standard solar-axion searches. In addition, in [10] the potential of the

BabyIAXO haloscope cavities to detect high-frequency gravitational waves is investigated, illustrating the

broader scienti�c opportunities enabled by the experimental infrastructure. These studies broaden the physics

case of IAXO and highlight the role of CAPA in the phenomenological development of the project. On

a related aspect, in Ref. [11] the authors explored the possibility of using the NuSTAR X-ray telescope as

an axion helioscope, assessing the sensitivity of space-based X-ray instrumentation to solar axions through

axion-to-photon conversion in the Sun's atmospheric magnetic �eld.
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8. The CAST experiment concluded its solar axion data-taking in 2021, and its legacy measurement on the axion-

photon coupling, gag < 5.8 � 10 �11 GeV�1 at 95% C.L. (for ma < 0.02 eV), was published in 2024 [2]. In

2025, analysis activity in CAST has focused on additional solar axion production channels. In particular, the

search for the axion-electron coupling gae via the ABC solar axion �ux is ongoing. CAST has sensitivity

to this channel through the product gag � g ae, since gae determines the solar production via ABC processes,

while gag drives the conversion in the magnet. This channel was recently explored by CAST using the GridPix

detector, yielding an improved helioscope limit of gae� g ag < 7.35 � 10 �23 GeV�1 at 95% C.L. for axion

masses below 10 meV [12]. The combined CAST exclusion in the gae�g ag plane is shown in Fig. 3.7. The ABC

limit is being further improved by the ongoing Micromegas analysis, where the very low background level and

good software e�ciency at low energies yield a competitive limit, with the window being the main limiting

factor. A publication with the resulting limit is in preparation. In parallel, a study to derive an improved limit

on gag by assuming the DFSZ axion model instead of KSVZ is being performed. Since DFSZ predicts a higher

solar axion �ux due to the axion-electron coupling contribution, the resulting bound is expected to be more

stringent than the model-independent limit. These ongoing analyses represent the �nal scienti�c output of

CAST, while BabyIAXO progresses towards operation [5]. More broadly, CAPA researchers also contributed

to CAST-CAPP 2025 publication [13] studying possible daily modulation e�ects and broadband approaches

with the CAST-CAPP detector.

Figure 3.7: CAST exclusion region (shaded) in the gae�g ag plane at 95% C.L., combining the Primako� limit
gag < 5.8 � 10 �11 GeV�1 [2] and the ABC limit gae� g ag < 7.35 � 10 �23 GeV�1 [12]. The ongoing Micromegas
analysis is expected to improve the latter.
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3.2 | ANAIS Experiment

Responsible investigator(s) / coordinator(s):

María Luisa Sarsa Permanent sta�
María Martínez Permanent sta�
Researchers involved:
Susana Cebrián Permanent sta�
Eduardo García Permanent sta�
Jorge Puimedón Permanent sta�
Ysrael Ortigoza Permanent sta�
Iván Coarasa Temporary sta�
Sophia Hollick Temporary sta�
Tamara Pardo Research trainee
Jaime Apilluelo Research trainee
Carmen Seoane Research trainee
Swadheen Bharat Research trainee
Julio Amaré UZ collaborator
David Cintas External collaborator
Technical support:
Alfonso Ortiz de Solórzano Engineer
Francisco Javier Mena Technician

Sodium Iodide Thallium doped (NaI(Tl)) scintillation detectors are

a convenient choice for detecting radiation in many applications. In

particular, they have been applied to direct searches for dark matter

since the 1990s and have produced one of the most challenging

results in the �eld: the observation by the DAMA/LIBRA collabo-

ration of an annual modulation in the detection rate for more than

twenty years [1].

After more than three decades of DM direct searches [2],

most experimental results are compatible with the estimated back-

grounds, although some excess events have been observed, indi-

cating the need to further understand the backgrounds at or below

1 keVee [3]. However, the DAMA/LIBRA result persists: it cannot

be explained by any known background and shares all the expected

features of a dark matter signal [1].

The annual modulation e�ect in the DM interaction rate results

from the Earth's orbital motion around the Sun throughout the

year [4, 5]. The variation in the relative velocity of the DM particles with respect to the target nuclei induces a

modulation in the DM interaction rate with a one-year period and peaking around June 2nd, for the standard halo

model. Backgrounds capable of mimicking this signal have been proposed and dismissed by the DAMA/LIBRA

collaboration. However, the DAMA/LIBRA result is di�cult to reconcile with the lack of signals from other

experiments using a wide variety of target materials and detection techniques. In fact, the DAMA/LIBRA result

is incompatible with the rest of the experiments that search for DM in most of the scenarios analyzed. However,

this comparison is model-dependent and because the nature of the DM remains fully unknown, DAMA/LIBRA

result could not be refuted. Solving this experimental puzzle is important because it could lead to new physics, and

a model-independent test was needed. Recent reviews of the current experimental situation regarding direct dark

matter detection searches and the testing of the DAMA/LIBRA puzzle can be found in [2, 3, 6, 7].

A model-independent test of the DAMA/LIBRA result requires an experiment using the same target material, with

background and threshold energy similar or better as those from DAMA/LIBRA in the region of interest (ROI), large

exposure (product of mass and measurement time) and stability. This is the goal of the ANAIS-112 experiment, which

has been in data-taking phase at the Canfranc Underground Laboratory (LSC), in Spain, since August 2017. The

ANAIS-112 design and operation rely on expertise acquired at the University of Zaragoza using NaI(Tl) scintillation

detectors for about thirty years [8].

The ANAIS-112 experiment consists of 112.5 kg of NaI(Tl), distributed in 9 modules, 12.5 kg each, arranged in a

3 x 3 con�guration (see �gure 3.8). Among the most relevant features of the ANAIS-112 modules is their remarkable

optical quality, which combined with high quantum e�ciency Hamamatsu photomultipliers (PMTs), results in a very

high light collection, at the level of 15 photoelectrons (phe) per keV, signi�cantly larger and more homogeneous than

that achieved by DAMA/LIBRA modules in the improved phase 2 of the experiment. Another interesting feature is

a Mylar window in the middle of one of the lateral faces of the detectors, allowing calibration of the modules with

external sources at energies just a few keV above the ROI ([1�6] keV). The ANAIS-112 experiment is installed inside

a shielding consisting of an inner layer of 10 cm of archaeological lead and an outer layer of 20 cm of low-activity
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