
CABANNUAL REPORT
Memoria Anual 2023

IN ATACAMA ARADS PROJECT



 

 

 1 

Contents    Contenidos  

 

2_Introduction 
 Introduccion 

6_CAB Organization 
 Organizacion del CAB 

8_Direction and Staff 
  

15_Astrophysics 
 Department of 

50_Molecular Evolution 
 Department of 

86_Planetology and Habitability 
 Department of 

104_Instrumentation 
 Department of 

116_PhD and Master theses, funded 
projects, outreach 

 And other indicators 

135_Publications 
 (articles and reviews) 



 

 

 
2 

Introduction 
Introducción 
 

 

El Centro de Astrobiología (CAB) se fundó en 1999 como un Centro Mixto entre el Consejo Superior de 
Investigaciones Científicas (CSIC) y el Instituto Nacional de Técnica Aeroespacial (INTA). Localizado en el 
campus del INTA en Torrejón de Ardoz (Madrid), en el año 2000 el CAB se convirtió en el primer centro no 
estadounidense asociado al recién creado NASA Astrobiology Institute (NAI), y actualmente es miembro 
asociado al Programa de Astrobiología de NASA (https://astrobiology.nasa.gov/). Por otro lado, en 2020 el 
CAB fue uno de los seis socios fundadores principales del recientemente creado Instituto Europeo de 
Astrobiología (EAI) (https://europeanastrobiology.eu/).  

 

El objetivo de la Astrobiología es estudiar la vida como una consecuencia natural de la evolución del Universo, 
y el CAB tiene como objetivo contribuir a llenar los vacíos en la cadena de eventos desde el Big Bang hasta el 
origen y propagación de la vida, e iluminar a la sociedad sobre cuestiones fundamentales como de dónde 
venimos y hacia dónde vamos. Muchos procesos aún son desconocidos o poco comprendidos en esa sucesión 
de eventos y se requiere de un gran esfuerzo interdisciplinar para estudiar el único caso de vida que 
conocemos. En el CAB nos enfocamos en los que consideramos los procesos más críticos, de manera que 
nuestros objetivos científicos generales son: 

 

• Objetivo 1: Caracterizar los componentes básicos del Universo: Formación y evolución de galaxias a 
través del tiempo cósmico. El objetivo es establecer las condiciones de contorno que llevaron al surgimiento 
de la vida en el contexto de la formación y evolución de galaxias y estrellas a lo largo del tiempo cósmico. 

 

• Objetivo 2: Comprender el ciclo de los elementos químicos: Del medio interestelar a las estrellas y 
planetas. Con especial interés en la formación y evolución de moléculas complejas y la química prebiótica en 
el espacio interestelar y discos protoplanetarios. 

 

• Objetivo 3: Estudiar entornos planetarios potencialmente habitables. Investigar la formación, evolución 
y habitabilidad del Sistema Solar y más allá. 

 

• Objetivo 4: Identificar y analizar biomarcadores para la búsqueda de vida en ambientes planetarios. 
Búsqueda de rastros inequívocos de vida en entornos planetarios. 

 

• Objetivo 5: Comprender los principios básicos de la vida en ambientes planetarios, su evolución 
temprana y adaptabilidad a condiciones diversas y a menudo extremas. 

 

• Objetivo 6: Desarrollar métodos e instrumentación avanzada para la exploración y caracterización in situ 
y remota de objetos cósmicos. 
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El año 2023 ha sido especialmente relevante puesto que a últimos de junio se firmó la actualización del 
convenio de centro mixto entre INTA y CSIC que, entre otras novedades, simplifica la composición del 
“Consejo Rector”, pasando a denominarse “Comisión Rectora”, compuesto por dos representantes de cada 
una de las instituciones cotitulares. Asimismo, en septiembre procedimos a la elección de nuevo director y a 
la renovación de la Junta de Centro. Y también lamentamos la triste pérdida de dos compañeros que 
formaron parte de la comunidad LAEFF-CAB desde los comienzos del Centro: Carlos Rodrigo Blanco y David 
Hochberg. 

El CAB ha continuado su actividad de gran calidad y altamente productiva, como refleja la autoría/coautoría 
de más de 380 artículos, la mayoría (>80%) en cuartil Q1 (fuente Scopus).  La instrumentación desplegada en 
Marte (REMS y MEDA) sigue proporcionando datos y se han publicado nuevos resultados sobre la 
caracterización de la atmósfera marciana. Cumplido un año marciano (2 terrestres) científicos del CAB han 
liderado la publicación en la revista Nature Geoscience (portada del número) de los primeros resultados 
globales obtenidos con MEDA. El rover Perseverance sigue tomando muestras de testigos de rocas y 
sedimentos como primer paso para su transporte hacia la Tierra en la misión Mars Sample Return (MSR). 
Hemos liderado el descubrimiento de una colada de lava en Marte, de 59 millones de años de antigüedad, 
con un tubo de lava abierto a la superficie y varias estructuras subterráneas bien preservadas. Entre los días 
20 y 24 de febrero el CAB organizó la reunión del grupo para la planificación científica de la “Misión 
de Muestreo y Retorno de Marte”, el MCSG (por sus siglas en inglés, Mars sample return Campaign Science 
Group), grupo de trabajo internacional encargado de planificar los procedimientos a seguir una vez las 
muestras lleguen a la Tierra. Hemos participado en la reconstrucción del impacto de la nave DART (NASA) 
sobre Dimorphos mediante experimentos y simulaciones realizados en la cámara EPIC (Experimental 
Projectile Impact Chamber) del CAB. Con el telescopio espacial James Webb (JWST) a pleno rendimiento, 
científicos del CAB participan y lideran investigaciones con colaboraciones internacionales que están 
proporcionando valiosos datos y descubrimientos como nuevas galaxias con formas y comportamientos 
anómalos, las galaxias más lejanas hasta ahora descubiertas, o la galaxia similar a la Vía Láctea más lejana 
jamás observada. De hecho, investigadores del CAB han obtenido un gran éxito para desarrollar proyectos 
en diversos campos de la astrofísica durante el segundo año de operaciones de JWST, posicionando al CAB 
dentro del selecto club de centros de investigación, a nivel mundial, que han conseguido Tiempo de 
Observación para desarrollar tres o más proyectos con JWST. Y miembros del CAB son partícipes del Premio 
al logro grupal 2024 por el instrumento MIRI del JWST. 

Seguimos descubriendo nuevas moléculas en el espacio como el ácido carbónico, primera molécula 
interestelar con 3 átomos de oxígeno; y estudiando el origen de la complejidad molecular en el espacio 
haciendo uso de la teoría de redes complejas; o profundizando en los procesos mediante los cuales un 
sistema químico inestable puede romper la simetría especular izquierda-derecha debido a fluctuaciones 
térmicas.  Hemos detectado péptidos análogos a otros de miles de millones de años en un entorno 
hidrotermal similar a la Tierra primitiva, y hemos comprobado cómo los microorganismos se atrincheran bajo 
biopelículas bacterianas que afectan a la virulencia y la resistencia a condiciones extremas. 

Descubrimos una super-Tierra con una composición inesperada y que podría albergar una hidrosfera 
compuesta de agua en estado gaseoso y supercrítico. Hemos liderado investigaciones que han logrado medir 
el amoníaco en la atmósfera de una estrella enana marrón fría. Por otro lado, algunos de nuestras jóvenes 
promesas han visto reconocido su trabajo con los premios a la  “Mejor Comunicación Póster” y “Mi tesis en 
3 minutos” respectivamente en congresos. Finalmente, destacar que el CAB consiguió en 2023 dos proyectos 
del ERC (Consejo de Investigación Europeo): un Advanced Grant titulado “SUL4LIFE: The trail of sulphur: from 
molecular clouds to life”, IP Asunción Fuente, y  un Consolidator Grant, “OPENS: The Onset of Prebiotic 
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chEmistry iN Space”, por Izaskun Jiménez Serra  para buscar moléculas relevantes para el origen de la vida 
en el espacio. 

 

The Astrobiology Center (CAB) was founded in 1999 as a Joint Center between the Higher Council for 
Scientific Research (CSIC) and the National Institute of Aerospace Technology (INTA). Located on the INTA 
campus in Torrejón de Ardoz (Madrid), in 2000 the CAB became the first non-US center associated with the 
recently created NASA Astrobiology Institute (NAI), and is currently an associate member of the NASA 
Astrobiology Program (https://astrobiology.nasa.gov/). On the other hand, in 2020 the CAB was one of the 
six main founding partners of the recently created European Astrobiology Institute (EAI) 
(https://europeanastrobiology.eu/). 

 

The aim of Astrobiology is to study life as a natural consequence of the evolution of the Universe, and the 
CAB aims to contribute to filling the gaps in the chain of events from the Big Bang to the origin and 
propagation of life, and illuminate the society on fundamental questions such as where we come from and 
where we are going. Many processes are still unknown or poorly understood in this succession of events, and 
a great interdisciplinary effort is required to study the only case of life we know. At the CAB we focus on what 
we consider to be the most critical processes, so our general scientific objectives are: 

 

 Objective 1: To characterize the building blocks of the Universe: Formation and evolution of 
galaxies through cosmic time. The aim is to draw up the boundary conditions that led to the 
emergence of life in the context of the formation and evolution of galaxies and stars through cosmic 
time. 
 

 Objective 2: To understand the cycle of chemical elements: From the interstellar medium to stars 
and planets. With special interest in the formation and evolution of complex molecules and the 
prebiotic chemistry in the interstellar space and protoplanetary disks. 
 
 

 Objective 3: To study potentially habitable planetary environments. To investigate the formation, 
evolution, and habitability of the Solar System and beyond. 
 

 Objective 4: To find and analyze biomarkers for the search for life in planetary environments. 
Searching for unequivocal fingerprints of life in planetary environments. 
 
 

 Objective 5: To understand the basic principles of life in planetary environments, its early evolution 
and adaptability to diverse and often extreme conditions.  
 

 Objective 6: To develop methods and advanced instrumentation for in situ and remote 
exploration and characterization of cosmic objects. 
 

 

The year 2023 has been especially relevant since at the end of June we signed the update of the joint center 
agreement between INTA and CSIC, which, among other novelties, simplifies the composition of the 
“Governing Council” and renamed it “Governing Commission”, composed of two representatives of each of 
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the co-owning institutions. Likewise, in September we proceeded to the election of a new director and the 
renewal of the Board of the Center. We also regret the sad loss of two colleagues who were part of the LAEFF-
CAB community since the beginning of the Center: Carlos Rodrigo Blanco and David Hochberg. 

 

The CAB has continued its high quality and highly productive activity, as reflected by the authorship/co-
authorship of more than 380 papers, most of them (>80%) in Q1 quartile (Scopus source).  The 
instrumentation deployed on Mars (REMS and MEDA) continues to provide data and new results on the 
characterization of the Martian atmosphere have been published. After one Martian year (2 Earth years), 
CAB scientists have led the publication in the journal Nature Geoscience (cover of the issue) of the first global 
results obtained with MEDA. The Perseverance rover continues to take rock and sediment core samples as a 
first step for transport to Earth on the Mars Sample Return (MSR) mission. We have led the discovery of a 
59-million-year-old lava flow on Mars with a lava tube open to the surface and several well-preserved 
subsurface structures. On February 20-24, CAB organized the meeting of the Mars Sample Return Campaign 
Science Group (MCSG), an international working group in charge of planning the procedures to be followed 
once the samples reach Earth.  

 

We have participated in the reconstruction of the impact of the DART spacecraft (NASA) on Dimorphos 
through experiments and simulations performed in the EPIC (Experimental Projectile Impact Chamber) of the 
CAB. With the James Webb Space Telescope (JWST) at full capacity, CAB scientists participate and lead 
research with international collaborations that are providing valuable data and discoveries such as new 
galaxies with anomalous shapes and behaviors, the most distant galaxies ever discovered, or the most distant 
Milky Way-like galaxy ever observed. In fact, CAB researchers have had great success in developing projects 
in various fields of astrophysics during the second year of JWST operations, placing the CAB among the select 
club of research centers worldwide that have obtained Observing Time to develop three or more projects 
with JWST. And CAB members are participants in the 2024 Group Achievement Award for the JWST MIRI 
instrument. 

 

We keep discovering new molecules in space such as carbonic acid, the first interstellar molecule with 3 
oxygen atoms; and to study the origin of molecular complexity in space using the theory of complex networks; 
or delving into the processes by which an unstable chemical system can break left-right specular symmetry 
due to thermal fluctuations.  We have detected peptides analogous to others billions of years old in a 
hydrothermal environment similar to the early Earth, and we have tested how microorganisms become 
entrenched under bacterial biofilms affecting virulence and resistance to extreme conditions. 

 

We discovered a super-Earth with an unexpected composition that could harbor a hydrosphere composed 
of gaseous and supercritical water. We have led research that has succeeded in measuring ammonia in the 
atmosphere of a cool brown dwarf star. On the other hand, some of our promising young scientists have had 
their work recognized with the awards for “Best Poster Communication” and “My thesis in 3 minutes” 
respectively in congresses. Finally, it should be noted that in 2023 the CAB won two ERC (European Research 
Council) projects: an Advanced Grant entitled “SUL4LIFE: The trail of sulphur: from molecular clouds to life”, 
PI Asunción Fuente, and a Consolidator Grant, “OPENS: The Onset of Prebiotic chEmistry iN Space”, by 
Izaskun Jiménez Serra to search for molecules relevant to the origin of life in space. 
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Center  
organization 

 
 

 

Figure: Centro de Astrobiología is a joint institute participated by Agencia Estatal Consejo Superior de 
Investigaciones Científicas (CSIC) and Instituto Nacional de Técnicas Aeroespaciales (INTA). Its Governing 
Council is therefore chaired by CSIC President and INTA Director General, to whom the CAB Director and 
Deputy Director report. 

 

Organization of Centro de Astrobiología in 2023. CAB is organized in four Research Departments (red), each 
of them having different research groups (green). Additional units such as the Unidad de Cultura Científica 
(UCC), the Informatics Support, or the DNA Sequencing service, provide the required support for the 
operations of CAB. The departments operate a number of laboratories and facilities covering the very 
different areas of activities. 
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Members  
of the Governing Council 2023 
 

- D. Antonio Javier Guerrero Mochón, Subdirector General de Coordinación y Planes de INTA. 

- D. José Luis Murga Martínez, Secretario General de INTA.  

- D. Carlos Closa Montero, Vicepresidente de Organización y Relaciones Institucionales de CSIC 

- Dña. Marina Villegas, Delegada Institucional de CSIC en la Comunidad de Madrid 

 

 

 

Advisory 
Board 

 
The former Directors of CAB constitute its Advisory Board: 

• Prof. Juan Pérez Mercader (CSIC): 1999-2008 

• Prof. Álvaro Giménez Cañete (CSIC): 2008-2010 

• Dr. Javier Gómez Elvira (INTA): 2010-2015 

• Dr. Miguel Mas Hesse (CSIC): 2015-2019 

 

 

 

External scientific  
advisory board 
 

 Paola Caselli (Director and Scientific Member at the Max Planck Institute for Extraterrestrial 
Physics, Garching, Germany) 

 Muriel Gargaud (CNRS Research Director, Laboratoire d’Astrophysique de Bordeaux, Université de 
Bordeaux, France) 

 Rosaly Lopes (Directorate Scientist, NASA’s Jet Propulsion Laboratory (JPL), Pasadena, CA, USA) 
 Michel Mayor (University of Geneva, Geneve. Nobel Prize in Physics 2019) 
 Christopher McKay (Space Science Division - NASA Ames Research Center, USA) 
 Gian Gabriele Ori (Universita d’Annunzio, Pescara, Italy - Ibn Battuta Centre, Marrakech) 
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Direction and Center  

executive board 

 

                          
Victorino Parro García    Francisco Najarro de la Parra 

 

 

Name         Position 

Victorino Parro García      Director 

Francisco Najarro de la Parra      Deputy Director 

Miguel Mas Hesse      Head of Astrophysics 

Olga Prieto Ballesteros/Felipe Gómez Gómez    Head of Planetology and Habitability 

Ester Lázaro Lázaro       Head of Molecular Evolution 

Eduardo Sebastián Martínez      Head of Advanced Instrumentation 

José Antonio Caballero/Benjamín Montesinos Comino  Researcher 

Bruno Rodríguez del Pino/Ángeles Aguilera Bazán  Researcher 

Mª Paz Martín Redondo/Consuelo Moncayo Ortega  Technician 
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Management  
and support  
 

Margie Guitart Martín                   Administration 

Consuelo Moncayo Ortega      Administration  

Virginia Suarez Marsá      Technical management 

External Support 
In 2023 
 

María Pilar Alonso del Val      Technical support 

Rosa del Olmo Andrés                    Technical management 

Tatiana Fraile Noriega                    Technical management 

María Teresa García Martín      Technical management 

Macarena Gutiérrez Ortega      Technical management 

Antonio Parras Rico       Computing support 

Sergio Suarez Carrasco                    Computing support 

Ignacio Barranquero       Scholarship student 
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Personnel  
By Gender (December 2023) 

       

Gender Balance: Total(left); Scientific scales (right). Women (M); Men (H) 

 

 

 

Personnel  
by category 

 

  

Personnel by type of contract (left) and by professional category (right) 
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33%
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19%

Becarios
6%
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Scientific  

Production  
 

Different indicators of the scientific production in 2023 (internal sources: conCIENCIA) 

 
 

 

Evolution last five years 
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Research Articles 
Evolution of the number of articles by year: total (blue) and led by CAB (red). Source: Scopus 

 

 

 

 

Scientific production by subject area 2023 (source Scopus) 
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Obtained funds from competitive calls (€ per year) 
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Astrophysics 
department of 
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Head of Department: J. Miguel Mas Hesse 

 

The research at the Department of Astrophysics is focused on the formation and evolution of galaxies, stars 
and planets and their interplay with the interstellar medium, providing so the large-scale context in which 
Life emerged and evolved. The objectives are organized around the following questions:  

 

To characterize the building blocks of the Universe: Formation and evolution of galaxies through cosmic 
time.  

Our research is based on the general hypothesis that Life is a consequence of the evolution of matter and 
energy in the Universe, aiming to link the studies on the origin and evolution of the Universe with the 
emergence and potential spread of life.  
 
To understand the cycle of chemical elements: From the interstellar medium to stars and planets.  

The focus will be on the details of the cycle of chemical elements, from their production by stellar evolution 
to the formation of complex molecules and dust, the formation of stars, brown dwarfs and planets, and the 
development of prebiotic chemistry in the interstellar space and protoplanetary disks. All this provides the 
boundary conditions to study the emergence of life in the solar System (at least) around 4 billion years ago.  
 

To study potentially habitable environments.  

We aim to connect the efforts from the point of view of Astronomy to discover (exo)planetary systems, and 
analyze their components -planets, and minor bodies-architecture and evolution, with those from the side 
of Biology and Planetary Science to assess their potential habitability.  
 

To develop methods and advanced instrumentation for the characterization of cosmic objects.  

Including the development ground- and space-based instrumentation for observing objects within and be-
yond the Solar System  
 
The Department of Astrophysics is constituted by 4 research groups:  
 
• Formation and Evolution of Galaxies (FEG)  
 
• Formation and Evolution of Stars, Brown Dwarfs and Planets (FESBDP)  
 
• Interstellar and Circumstellar Medium (ICM)  
 
• Virtual Observatory: Scientific exploitation of astronomical archives (VO) 
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Formation and Evolution of Galaxies (FEG) 
 

 

Figure: Portion of the James Webb Space Telescope’s (JWST) first Deep Field image, centered on the galaxy 
cluster SMACS 0723, that is teeming with thousands of galaxies – including the faintest objects ever observed 
in the infrared. The combined mass of this galaxy cluster acts as a gravitational lens magnifying more distant 
galaxies and distorting their shape. This deep field, taken by Webb’s Near-Infrared Camera (NIRCam), is a 
composite made from images at different wavelengths, totaling 12.5 hours of exposure [credit: NASA, ESA, 
CSA, and STScI]. The group is deeply involved in the current exploitation of Webb’s data.  

 

 

Group coordinator:    Giovanni Miniutti 

 

Senior Researchers: 

Almudena Alonso Herrero 

Santiago Arribas Mocoroa 

Miguel Antonio Cerviño Saavedra 

Luis Colina Robledo 

José Miguel Mas Hesse 

Giovanni Miniutti 

Pablo Guillermo Pérez González 

Javier Piqueras Lopez 

Montserrat Villar Martín 

Javier Álvarez Márquez 

Fellows: 

Marianna Annunziatella 

Luca Costantin 

Margherita Giustini 

Michele Perna 

Irene Shivaei 

 

Postdocs: 

Alejandro Crespo Gómez 

Laura Hermosa Muñoz 

Isabella Lamperti 
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Ana María Pérez García 

Bruno Rodriguez Del Pino 

 

PhD students: 

Gonzalo José Carracedo Carballal 

Rosa María Mérida González 

Carlota Prieto Jiménez 

Carmen Blanco Prieto 

 

Students (TFM, TFG, others): 

Pedro Hernández Cascales 

Javier Mendez Gallego 

Leonor Arriscado Nunes Ferreira Cardoso 

Carmen Castillo De La Cruz 

 

Technicians: 

Heribert Argelaguet Vilaseca 

Alberto Estrada Piqueras 

Alonso Álvarez Urueña 

Irene Ferro Rodríguez 

Banghuan Xu  

Javier Mendez Gallego 

 

Visitors (more than one month) 

Federico Esposito (University of Bologna) 

Fergus Donnan (University of Oxford) 

Lorenzo Ulivi (University of Trento) 

Alina Ikhsanova (University of Padova) 

 

 

Summary  
 

The Galaxies Formation and Evolution group (FEG) contributes to objectives O1, O2 and O6 of CAB’s Strategic 
Plan. Our broad scientific objective is to provide a global view of the physical processes involved in the 
formation and evolution of galaxies in the cosmological context across cosmic time. This goal is pursued 
through the analysis of astronomical data at all wavelengths of the electromagnetic spectrum, from radio, 
millimetric, and infrared to optical, ultraviolet and X-rays. We make use of data obtained, most often via 
competitive calls, from state-of-the-art ground- and space-based facilities and observatories. Our research 
interests cover a very wide range of topics from the search and characterization of galaxies and supermassive 
black holes from the early ages of the Universe to the present time, to the study of interacting and merging 
systems, of winds and outflows at all spatial scales, and of the nuclear activity associated with the central 
supermassive black hole and its interaction with the surrounding media. The group is heavily involved in 
technological projects for astronomical instrumentation both in space and on the ground in the framework 
of ESA’s and ESO’s programs. Group members participate in the instrument teams of the MIRI and NIRSpec 
instruments for the James Webb Space Telescope (JWST), they take part in the team responsible for the 
development of HARMONI, a first light instrument for the European Extremely Large Telescope (EELT), and 
they participate to the definition of the next ESA large X-ray observatory Athena, among other international 
projects. During 2023, the group led or co-authored more than 100 refereed scientific papers of which 7 have 
been published in the journal Nature and 1 in Science. Most of our work is carried out within international 
collaborations with colleagues and Institutions from all over the world. The following research highlights 
exemplify some of the most relevant scientific work and results whose publication was led by the group 
during the course of 2023. 

 

 



 

 

 
19 

Research Highlights 2023 
 

RH1: X-ray quasi-periodic eruptions: properties and possible interpretation 

 

As a follow up of our discovery of a new, extreme X-ray variability phenomenon from supermassive black 
holes (Miniutti et al. 2019), dubbed as “X-ray Quasi-Periodic Eruptions” (QPEs), we present a detailed analysis 
of the properties of QPEs from the galaxy GSN 069 [Miniutti et al 2023a, 2023b]. Our work is quickly becoming 
the benchmark against which theoretical models for the physical origin of QPEs are currently being tested. 
Among other properties, we report alternating QPE intensity and recurrence times, as well as the presence 
of a quasi-periodic oscillation of the underlying quiescent level with period similar to the mean separation 
between QPEs. We also show that QPEs are only present below a given luminosity threshold which puts 
severe constraints on theoretical models. By considering the long-term evolution of the source, we show that 
the quiescent emission in GSN 069 is, at least thus far, consistent with being powered by the repeating tidal 
stripping of the outer layers of a star (likely an evolved one) at each pericenter passage, occurring roughly 
every 9 years. 

 

In Franchini et al. (2023), we present a theoretical model in which QPEs are produced by collisions between 
an orbiting lower mass black hole and the accretion disc around the primary supermassive one. This class of 
models appears to be able to explain also other QPE sources that have been discovered, and would imply the 
presence of extreme mass-ratio black hole binaries that represent one of the most promising sources of 
gravitational waves for the future generation of space-based detectors (LISA). 

 

 

 

Figure RH1: Long-term (12 years) X-ray light curve of GSN 069 where the colored data points refer to 
observations during which QPEs have been detected. A few examples of X-ray light curves during individual 
observations are also shown to highlight their disappearance above a given luminosity threshold. 
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RH2: AGN feedback in action in the molecular gas ring of the Seyfert galaxy NGC 7172 

 

We analyzed new ALMA observations of the CO(3−2) transiƟon and associated 854 μm continuum at 0.06 − 
0.3″ resolution, together with new VLT/SINFONI observations of NGC 7172. This is a luminous (bolometric 
luminosity of ≃1044 erg s−1) Seyfert galaxy that belongs to the Galaxy Activity, Torus, and Outflow Survey 
(GATOS, García-Burillo et al. 2021, Alonso-Herrero et al. 2021).  

 

The ALMA CO(3−2) observaƟons revealed the presence of a highly inclined cold molecular gas ring with an 
approximate radius of 3 − 4″ ≃ 540 − 720 pc, which is likely associated with an inner Lindblad resonance of 
a putative stellar bar. There are non-circular motions in the VLT/SINFONI [Si VI]λ1.96 μm and H2 at 2.12 μm, 
and ALMA CO(3−2) velocity fields. AŌer subtracƟng the stellar velocity field, we detected [Si VI] blueshiŌed 
velocities of a few hundred km s−1 to the south of the active galactic nucleus (AGN) position. They trace 
outflowing ionized gas outside the plane of the galaxy and out to projected distances of ≃200 pc. The CO(3−2) 
position-velocity diagram along the kinematic minor axis displays non-circular motions with observed 
velocities of up to ∼150 km s−1. Assuming that these are taking place in the disk of the galaxy, the observed 
velocity signs imply that the molecular gas ring is not only rotating but also outflowing. We derived an 
integrated cold molecular gas mass outflow rate of ∼40 M⊙ yr−1 for the ring. Using the ALMA 854 μm 
extended emission map, we resolved a 32 pc radius torus with a gas mass of 8 × 105 M⊙.  

 

These torus properties are similar to other Seyfert galaxies in the GATOS sample (García-Burillo et al. 2021). 
We measured a decreased cold molecular gas concentration in the nuclear-torus region relative to the 
circumnuclear region when compared to other less luminous Seyfert galaxies.  

 

We concluded that the effects of AGN feedback in NGC 7172, which are likely caused by the AGN wind and/or 
the moderate luminosity radio jet, are seen as a large-scale outflowing molecular gas ring and accompanying 
redistribution of molecular gas in the nuclear regions. 
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Figure RH2: The Seyfert galaxy NGC 7172. Panel a: HST optical to near-IR composite RGB image of NGC 7172 
retrieved from ESASky4.3.0.  The orientation of the image is north up, east to the left. The FoV is ≃2′ × 2′. 
The rectangle shows approximately the ALMA field of view (FoV), while the dashed lines represent the 
opening angle of the southern (brighter) side of the optical ionization cone. Image credit: ESA/Hubble & NASA, 
D. J. Rosario, A. Barth. Panels b, c, and d: ALMA CO(3−2) intensity map (moment 0), velocity map (moment 
1), and velocity dispersion map (moment 2) with a FoV to approximately 17.6″ × 3.3″. 
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RH3: Uncovering the stellar structure of the dusty star-forming galaxy GN20 at z = 4.055 with MIRI/JWST  

 

Luminous infrared galaxies at high redshifts (z > 4) include extreme starbursts that build their stellar mass 
over short periods of time, that is, of 100 Myr or less. These galaxies are considered to be the progenitors of 
massive quiescent galaxies at intermediate redshifts (z ∼ 2) but their stellar structure and buildup is 
unknown. Here, we present the first spatially resolved near-infrared (rest-frame 1.1 μm) imaging of GN20, 
one of the most luminous dusty star-forming galaxies known to date, observed at an epoch when the 
Universe was only 1.5 Gyr old.  

 

The 5.6 μm image taken with the JWST Mid-Infrared Instrument (MIRI/JWST) shows that GN20 is a very 
luminous galaxy), with a stellar structure composed of a conspicuous central source and an extended 
envelope. The nucleus is co-aligned with the peak of the cold dust emission, and offset by 3.9 kpc from the 
ultraviolet stellar emission. The diffuse stellar envelope is similar in size to the clumpy CO molecular gas 
distribution. The centroid of the stellar envelope is offset by 1 kpc from the unresolved nucleus, suggesting 
GN20 is involved in an interaction or merger event suported by its location as the brightest galaxy in a proto-
cluster.  

The stellar size of GN20 is larger by a factor of about 3 to 5 than known spheroids, disks, and irregulars at 
z ∼ 4, while its size and low Sérsic index are similar to those measured in dusty, infrared luminous galaxies 
at redshift 2 of the same mass (∼1011 M⊙).  

 

GN20 has all the ingredients necessary for evolving into a massive spheroidal quiescent galaxy at 
intermediate redshift: it is a large, luminous galaxy at z = 4.05 involved in a short and massive starburst 
centred in the stellar nucleus and extended over the entire galaxy, out to radii of 4 kpc, and likely induced by 
the interaction or merger with a member of the proto-cluster. 
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Figure RH3: Multi-wavelength morphology of GN20. Top panels display the WFC3/HST F105W (left) and 
MIRI/JWST F560W (right) images of GN20, tracing the rest-frame UV (0.2 μm) and near-IR (1.1 μm) light, 
respectively. Bottom left panel shows the CO(2-1) flux map, obtained with the VLA. Bottom right panel 
displays the rest-frame 170 μm continuum map from PdBI observations. Black-edged white diamond and 
circle mark the position of the centre for the nuclear point-source and extended components derived from 
the 2D brightness decomposition. White circles and ellipses at the bottom right corner of the panels 
represent the PSF or beam size for the different images. White contours on the right panels represent the 
F560W isophotes. Green contours in the left panels mark the residuals of the near-IR light distribution fit. 
The inset in the F560W image represents the central 0.6″ × 0.6″ region with the presence of a secondary 
nucleus. 
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RH4: Limited impact of jet-induced feedback in the multi-phase nuclear interstellar medium of 4C12.50 

 

The ultraluminous infrared radio galaxy 4C12.50 at z=0.122 is an interesting target to investigate whether 
and how radio-induced feedback affects the evolution of galaxies in the early phases of radio activity. If this 
is the case, 4C12.50 is a promising candidate to reveal the phenomenon in action. In this paper we study, in 
detail for the first time, its reservoir of hot (≥1500 K) molecular gas. The potential impact of the radio jet on 
this gas phase, as well as on the star formation activity are investigated based on near-infrared long slit 
spectroscopy obtained with EMIR on GTC, X-shooter on VLT and high spatial resolution ALMA CO(2-1) data. 

 

It is found that shocks (probably induced by the radio jet) contribute to the heating and excitation of the hot 
molecular gas. On the other hand, we find no solid evidence for a current or past impact of AGN induced 
feedback on the evolution of this system, neither by clearing out the dusty central cocoon efficiently, nor by 
suppressing the star formation activity. Although, clearly, absence of evidence is not evidence of absence, 
this work contributes to the open debate about the true role of AGN feedback in regulating the evolution of 
massive galaxies. 

 

 

RH5: A Milky Way-like barred spiral galaxy at a redshift of 3 

 

The majority of massive disk galaxies in the local Universe show a stellar barred structure in their central 
regions, including our Milky Way. Bars are supposed to develop in dynamically cold stellar disks at low 
redshift, as the strong gas turbulence typical of disk galaxies at high redshift suppresses or delays bar 
formation. Moreover, simulations predict bars to be almost absent beyond z = 1.5 in the progenitors of Milky 
Way-like galaxies. Here we report observations of ceers-2112, a barred spiral galaxy at redshift zphot ≈ 3, which 
was already mature when the Universe was only 2 Gyr old. The stellar mass (M★ = 3.9 × 109 M⊙) and barred 
morphology mean that ceers-2112 can be considered a progenitor of the Milky Way, in terms of both 
structure and mass-assembly history in the first 2 Gyr of the Universe, and was the closest in mass in the first 
4 Gyr.  

 

 

 
 

Figure RH5: a, Combined stack image of ceers-2112, with isophotal contours showing an elongated barred 
structure in the inner region and spiral arms departing from it. b, One-component Sérsic residuals, which 
highlight the bar and spiral structures (black and green contours, respectively). c, Two-dimensional bar + disk 
model, which shows a stellar bar of length rFerrers = 0.42 ± 0.03 arcsec (3.3 kpc). The bar component is shown 
as a red solid line and the bar + disk isophotes are shown as black dashed contours. d, Radial profiles of the 
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relative amplitude of the odd (dashed lines) and even (solid lines) Fourier components, derived from the 
deprojected stack image of ceers-2112. The m = 2 mode shows a prominent bar (maximum I2/I0 > 0.4) with 
strength Sbar = 0.23 ± 0.01. Shaded region represents the 1σ confidence interval for the m = 2 mode. 

 

We infer that baryons in galaxies could have already dominated over dark matter at z ≈ 3, that high-redshift 
bars could form in approximately 400 Myr and that dynamically cold stellar disks could have been in place by 
redshift z = 4–5 (more than 12 Gyrs ago). 

 

 

 

RH6: MIRI/JWST observations reveal an extremely obscured starburst in the z = 6.9 system SPT0311-58  

 

Luminous infrared starbursts in the early Universe are thought to be the progenitors of massive quiescent 
galaxies identified at redshifts 2-4. Using the Mid-IRfrared Instrument (MIRI) on board the James Webb Space 
Telescope (JWST), we present mid-infrared sub-arcsec imaging and spectroscopy of such a starburst: the 
slightly lensed hyper-luminous infrared system SPT0311-58 at z = 6.9.  

 

The MIRI IMager (MIRIM) and Medium Resolution Spectrometer (MRS) observations target the stellar (rest-
frame 1.26 μm emission) structure and ionised (Paα and Hα) medium on kpc scales in the system. The MIRI 
observations are compared with existing ALMA far-infrared continuum and [C II]158μm imaging at a similar 
angular resolution. Even though the ALMA observations imply very high star formation rates (SFRs) in the 
eastern (E) and western (W) galaxies of the system, the Hα line is, strikingly, not detected in our MRS 
observations. This fact, together with the detection of the ionised gas phase in Paα, implies very high internal 
nebular extinction with lower limits (AV) of 4.2 (E) and 3.9 mag (W) as well as even larger values (5.6 (E) and 
10.0 (W)) by spectral energy distribution (SED) fitting analysis. The extinction-corrected Paα lower limits of 
the SFRs are 383 and 230 M⊙ yr−1 for the E and W galaxies, respectively. This represents 50% of the SFRs 
derived from the [C II]158 μm line and infrared light for the E galaxy and as low as 6% for the W galaxy.  

 

The MIRIM observations reveal a clumpy stellar structure, with each clump having 3-5×109 M⊙ mass in stars, 
leading to a total stellar mass of 2.0 and 1.5×1010 M⊙ for the E and W galaxies, respectively. The specific star 
formation (sSFR) in the stellar clumps ranges from 25 to 59 Gyr−1, assuming a star formation with a 50-100 
Myr constant rate. This sSFR is three to ten times larger than the values measured in galaxies of similar stellar 
mass at redshifts 6-8. Thus, SPT0311-58 clearly stands out as a starburst system when compared with typical 
massive star-forming galaxies at similar high redshifts. The overall gas mass fraction is Mgas/M* ∼ 3, similar 
to that of z ∼ 4.5-6 star-forming galaxies, suggesting a flattening of the gas mass fraction in massive starbursts 
up to redshift 7.  

 

The kinematics of the ionised gas in the E galaxy agrees with the known [C II] gas kinematics, indicating a 
physical association between the ionised gas and the cold ionised or neutral gas clumps. The situation in the 
W galaxy is more complex, as it appears to be a velocity offset by about +700 km s−1 in the Paα relative to the 
[C II] emitting gas. The nature of this offset and its reality are not fully established and require further 
investigation.  
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The observed properties of SPT0311-58, such as the clumpy distribution at sub(kpc) scales and the very high 
average extinction, are similar to those observed in low- and intermediate-z luminous (E galaxy) and ultra-
luminous (W galaxy) infrared galaxies, even though SPT0311-58 is observed only ∼800 Myr after the Big Bang. 
Such massive, heavily obscured clumpy starburst systems as SPT0311-58 likely represent the early phases in 
the formation of a massive high-redshift bulge, spheroids and/or luminous quasars. This study demonstrates 
that MIRI and JWST are, for the first time, able to explore the rest-frame near-infrared stellar and ionised gas 
structure of these galaxies, even during the Epoch of Reionization.  

 

 
 

Figure RH6: : RGB image of SPT0311-58 where red, green, and blue colours show the ALMA [CII]158μm, 
MIRIM F1000W, and WPFC3 F160W lens-subtracted images representing the [CII], rest-frame 1.25 μm, and 
rest-frame 200nm continuum, respectively (see Sect. 2). 
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RH7: Nuclear high-ionisation outflow in the Compton-thick AGN NGC 6552 as seen by the JWST mid-infrared 
instrument  

 

During the commissioning of the James Webb Space Telescope (JWST), the mid-infrared instrument (MIRI) 
observed NGC 6552 with the MIRI Imager and the Medium-Resolution Spectrograph (MRS). NGC 6552 is an 
active galactic nucleus (AGN) at a redshift of 0.0266 (DL = 120 Mpc) classified as a Seyfert 2 nucleus in the 
optical and Compton-thick AGN in the X-ray. 

 

This work exemplifies and demonstrates the MRS capabilities to study the mid-infrared (mid-IR) spectra and 
characterise the physical conditions and kinematics of the ionised and molecular gas in the nuclear regions 
of nearby galaxies. 

 

MIRI Imager observations cover the full NGC 6552 galaxy at 5.6 μm. MRS observations cover its nuclear region 
(3.6×4.3 kpc at 17.7-27.9 μm) in a wavelength range between 4.9 and 27.9 μm. These observations were 
obtained with the aim to investigate the persistence of the MIRI detectors (residual signal left from previous 
bright source observations). However, NGC 6552 observations demonstrate the performance and power of 
the MIRI instrument even with a non-optimal observational strategy. 

 

We obtained the nuclear, circumnuclear, and central mid-IR spectra of NGC 6552. They provide the first clear 
observational evidence for a nuclear outflow in NGC 6552. The outflow contributes to 67±7% of the total line 
flux independent of the ionisation potential (27-187 eV) and critical densities (104-4×106 cm−3), showing an 
average blue-shifted peak velocity of −127±45 km s−1 and an outflow maximal velocity of 698±80 km s−1. Since 
the mid-IR photons penetrate dusty regions as efficiently as X-ray keV photons, we interpret these results as 
the evidence for a highly ionised, non-stratified, AGN-powered, and fast outflowing gas in a low density 
environment (few 103 cm−3) located very close (< 0.2 kpc) to the Compton-thick AGN. Nine pure rotational 
molecular Hydrogen lines are detected and spectrally resolved, and exhibit symmetric Gaussian profiles, 
consistent with the galactic rotation, and with no evidence of outflowing H2 material. We detect a warm H2 
mass of 1.9 ± 1.1 × 107 M⊙ in the central region (1.8 kpc in diameter) of the galaxy, with almost 30% of that 
mass in the circumnuclear region. Line ratios confirm that NGC 6552 has a Seyfert nucleus with a black hole 
mass estimated in the range of 0.6-6 million solar masses. 

 

This work demonstrates the power of the newly commissioned MIRI Medium Resolution Spectrograph to 
reveal new insights in the kinematics and ionisation state of the interstellar medium around the dusty nuclear 
regions of nearby active galaxies.    
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Figure RH7: Nuclear, circumnuclear, and central MRS spectra of NGC 6552 from MRS channels 1 and 2. Upper 
panel: Central and nucleus spectra. Bottom: Circumnuclear spectra. The main emission features are 
highlighted together with the PAHs. 
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RH8: Expectations of the Size Evolution of Massive Galaxies at 3 < z < 6 from the TNG50 Simulation: The 
CEERS/JWST View 

 

We present a catalog of about 25,000 images of massive (M★ 109 M⊙) galaxies at redshifts 3 < z < 6 from the 
TNG50 cosmological simulation, tailored for observations at multiple wavelengths carried out with JWST. The 
synthetic images were created with the SKIRT radiative transfer code, including the effects of dust 
attenuation and scattering. The noiseless images were processed with the mirage simulator to mimic the 
Near Infrared Camera (NIRCam) observational strategy (e.g., noise, dithering pattern, etc.) of the Cosmic 
Evolution Early Release Science (CEERS) survey. In this paper, we analyse the predictions of the TNG50 
simulation for the size evolution of galaxies at 3 < z < 6 and the expectations for CEERS to probe that evolution. 
In particular, we investigate how sizes depend on the wavelength, redshift, mass, and angular resolution of 
the images. We find that the effective radius accurately describes the three-dimensional half-mass–radius of 
the TNG50 galaxies. Sizes observed at 2 μm are consistent with those measured at 3.56 μm at all redshifts 
and masses. At all masses, the population of higher-z galaxies is more compact than their lower-z 
counterparts. However, the intrinsic sizes are smaller than the mock observed sizes for the most massive 
galaxies, especially at z < 4. This discrepancy between the mass and light distributions may point to a 
transition in the galaxy morphology at z = 4–5, where massive compact systems start to develop more 
extended stellar structures. 

 

 
 

Figure RH8: Example of the morphological parameters derived with statmorph for galaxy ID 16024 (z = 3, M★ ∼ 1011 M⊙, i = 0, a = 0) in the F200W filter at 0.015 arcsec px−1. On the left panel, we show an RGB synthetic 
image of the galaxy (0.01 arcsec px−1), created using the F090W, F150W, and F200W noiseless data. Top row 
(from left to right): the CEERS image oriented with north up and east left, the asymmetry parameters (the 
galaxy center is shown as a red point, the half-light ellipse is shown as a solid red line, and the orientation of 
the major axis is shown as a dashed red line), the asymmetry residuals and size measurements (elliptical rpetro 
shown as a red dashed line), and sky statistics (median and rms in MJy sr−1) with the sky region (orange box). 
Bottom row (from left to right): the noiseless Sérsic model, the best-fit Sérsic parameters (the galaxy center 
is shown as a red point, the half-light ellipse derived from the Sérsic model is shown as a solid red line, and 
orientation of the major axis is shown as a dashed red line), Sérsic residuals, and nonparametric statistics 
(CAS, Gini, M20) with the Gini segmentation map (red contour) derived as described in Rodriguez-Gomez et 
al. (2019). 
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RH9: Coordinated X-ray and UV absorption within the accretion disk wind of the active galactic nucleus PG 1126-
041 

 

We present the results of a spectroscopic analysis of eight XMM-Newton observations of the active galactic 
nucleus (AGN) PG 1126-041 taken between 2004 and 2015, using the most advanced AGN accretion disk 
wind models available. We used models generated with XRADE (the X-Ray Accretion Disc-wind Emulator 
developed by Matzeu et al. 2022, MNRAS 515, 6172), that provides a self-consistent treatment of both 
absorption and emission from a parametrized (non-hydrodynamic) biconical disc wind. For half of our data 
set, we compare the X-ray analysis results with the results of quasi-simultaneous, high-resolution, 
spectroscopic UV observations of the C IV complex taken with the Cosmic Origins Spectrograph (COS) on 
board the Hubble Space Telescope (HST). 

 

We found that the X-ray spectra of PG 1126-041 are complex and absorbed by ionized material, which is 
highly variable on multiple timescales, from days to years. Accretion disk wind models can account for most 
of the X-ray spectral complexity, with the addition of massive clumps, represented by a partially covering 
absorber. Variations in column density (NH ∼ 5 − 20 × 1022 cm−2) of the partially covering absorber drive the 
observed X-ray spectral variability of PG 1126-041. The UV spectra show three distinct absorption systems, 
all outflowing with velocities between ~3300 and ~6700 km/s and showing variability between observations 
as close as 11 days in the source rest-frame (z=0.06). Remarkably, the absorption from the X-ray partially 
covering gas detected with XMM-Newton and from the blueshifted C IV troughs observed with the HST-COS 
appear to vary in a coordinated way. During the epochs when the X-ray absorbing column density was at its 
maximum, the C IV absorber had the maximum equivalent width (EW); during epochs when the X-ray 
absorbing column density was smaller, the C IV absorber had the minimum EW. 

 

Our results imply that the inner portion of the UV-absorbing wind and the variable X-ray absorber are 
physically related. This would be expected in radiation-driven scenarios for AGN accretion disk winds, where 
the large X-ray absorbing column density is a failed wind that acts as a shield for the outer UV-absorbing disk 
material, allowing for its effective outward acceleration. 
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Figure RH9: Coordinated variability of the X-ray absorbing column density of a partially covering ionized 
absorber and the blueshifted C IV equivalent width (EW) in the active galactic nucleus PG 1126-041. Panel 
(a): 0.3-10 keV spectra of eighth epochs of XMM-Newton observations. The spectra are well-reproduced by 
a model consisting of an accretion disk wind plus a partially covering ionized absorber, with the column 
density NH of the latter driving the observed spectral variability. Panel (b): HST-COS spectra of the C IV region 
quasi-simultaneous to the last four XMM-Newton observations. Panel (c): observed relation between the EW 
of the C IV absorber and the X-ray partially covering absorber column density. 
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Summary  
 

The chemistry in our Galaxy is often determined by UV fields from nearby stars, cosmic rays, shocks, 
turbulence, and other phenomena. This group aims to obtain a detailed description of the physical and 
chemical properties of interstellar clouds, circumstellar environments around evolved stars, and 
protoplanetary disks, to understand the interplay between gas and dust, and to determine the limits of 
chemical complexity before life emerged on Earth. In particular, reactions leading to complex organic 
molecules (COMs) are of interest for Astrobiology (objectives O1 and O2). This work is complemented by the 
development of instrumentation for airborne telescopes (O6).  

Astrochemistry is studied following a four-fold approach:  

i) Observational (detection/mapping of simple molecules and COMs, alongside analyses of the 
physical conditions, structure, and kinematics of  interstellar/circumstellar gas and dust, using 
single-dish telescopes, e.g. IRAM-30m, Yebes, APEX, JWST, Robledo de Chavela, etc. and 
interferometers, e.g. ALMA,  

ii) ii) Theoretical (development of molecular excitation, radiative transfer, chemical models, and 
MADCUBA code for data analysis),  

iii) iii) Instrumentation (contribution to instrumentation on board future missions, development of 
KID detectors that operate in mm to far-infrared, and iv) Experimental (laboratory simulations 
of ice-covered dust processes leading to COMs in cold interstellar/circumstellar regions using the 
Interstellar Astrochemistry Chamber (ISAC) and radiation facilities, e.g. NSRRC synchrotron in 
Taiwan). 

COMs were incorporated into comets and other minor bodies of the solar system. Impact of these objects 
on Earth delivered water and molecules of high astrobiological significance. 

 

 

Research Highlights 2023: 
 

RH1: Physical properties of methanol (CH3OH) ice as a function of temperature: density, infrared band strengths, 
and crystallization  

 

The presence of methanol among the common ice components in interstellar clouds and protostellar 
envelopes has been confirmed by the James Webb Space Telescope. Methanol is often detected in the gas 
phase towards lines of sight shielded from UV radiation. Using laser interference for determination of the 
methanol ice thickness, and infrared spectroscopy to estimate the ice column density, we were able to obtain 
the volumetric density of methanol ice grown under simulated interstellar conditions, at different deposition 
temperatures and during the ice warm-up. The infrared band strengths are also provided, and the 
experimental spectra are compared to those computed with a model. The transition from amorphous to 
crystalline methanol ice was also explored. Finally, we propose new observations of methanol ice at high 
resolution to probe the methanol ice structure. Previous estimates of the methanol infrared band strength 
are significantly different because they could not measure the density and simply assumed a value of 1 g cm-
3 for this ice. Therefore, our revisited infrared band strengths allow a better estimation of methanol ice 
column densities in space environments.  
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Figure RH1: Main infrared spectra recorded for methanol ice samples. The crystalline structure appearing at 
112-113 K during ice warm-up (narrower bands) is more pronounced when ice deposition occurs at 125 K. 
Deposition at 135 K is however different because it corresponds to another crystalline phase. Bottom: α-
phase of methanol ice. Dashed lines represent OH-O hydrogen bonds forming methanol chains. Arrows 
represent the motion of OH stretchings when neighboring chains are in-phase (a) or in counter-phase (b). 
Adapted from Carrascosa et al. 2023. 
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RH2: The complex organic molecular content in the L1517B starless core  

 

The goal of this study is to understand how chemical complexity builds up during the initial conditions of 
Solar-type system formation in starless and prestellar cores. In this work, we study the chemical composition 
of the gas in Complex Organic Molecules (COMs) toward the starless core L1517B, believed to be at an early 
stage of evolution. In previous works, it was suggested that different families of COMs (N-bearing and O-
bearing COMs) present distinct behaviours depending on the evolutionary stage of the core. In this work, we 
demonstrate that N-bearing COMs appear first in the gas phase of starless cores while O-bearing COMs 
appear at a later stage in the collapse phase of these cores (especially at the prestellar stage) as a result of 
the catastrophic depletion of CO. This work enhances our understanding of the formation of COMs under the 
coldest conditions in the interstellar medium. 

 

 
Figure RH2: Comparison of the molecular abundances derived toward three starless cores (L1517B, L1498 
and L1544) at different stages of evolution with L1517B being the youngest and L1544, the oldest. We have 
derived these abundances for the positions of the dust peak (representative of the central parts of the core) 
and the methanol peak (representative of the location where the catastrophic depletion of CO is taking place). 
There is a general trend for O-bearing COMs to appear later than N-bearing COMs, because the catastrophic 
depletion of CO takes a bit longer along the process of the collapse of the core. 
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RH3:  First Glycine Isomer Detected in the Interstellar Medium: Glycolamide (NH2C(O)CH2OH)  

 

Glycine is the simplest representative of amino acids, the building blocks of proteins, which play fundamental 
catalytic and metabolic roles in biochemistry. Numerous efforts have been focused on the search for glycine 
in space in recent decades, but they were unfruitful. The non detection of glycine might imply that it is not 
the most abundant member of the C2H5O2N isomeric family in the ISM. In this work, we have searched for all 
of the C2H5O2N isomers for which microwave rotational spectroscopy is currently available. We reported the 
first detection in space of an isomer of glycine, glycolamide (NH2C(O)CH2OH). The upper limit derived for the 
abundance of glycine indicates that this amino acid is surely less abundant than its isomer glycolamide in the 
ISM. While the low abundance of glycine might not be surprising, based on the relative low abundances of 
acids in the ISM compared to other compounds (e.g., alcohols, aldehydes, or amines), we discussed several 
viable chemical pathways that can favour the formation of its isomer glycolamide, which include radical–
radical reactions on the surface of dust grains favoured by the presence of a high cosmic-ray ionisation rate. 
My personal contribution to this work includes: original idea, preparation of several of the telescope 
proposals, reduction and analysis of the data, scientific discussion, and writing of the manuscript. 

 
Figure RH3: Unblended or slightly blended transitions of glycolamide detected toward the G+0.693, displayed 
in order of decreasing line intensity. The observed spectrum is shown as a gray histogram. The best LTE fit 
derived with MADCUBA for the syn-glycolamide emission is shown with a red curve. The blue curve 
represents the total modeled emission considering all of the species identified toward this molecular cloud. 
In the center, the molecular structure of the syn conformer of glycolamide is shown. Carbon atoms are in 
gray, oxygen atoms in red, nitrogen atoms in blue, and hydrogen atoms in white. 
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RH4: The Binary and Dust Disk of NGC 3132 Unveiled by JWST  

 

The planetary nebula (PN) NGC 3132 is a striking example of the dramatic but poorly understood mass-loss 
phenomena that 1–8 Msun stars undergo during their death throes as they evolve into white dwarfs (WDs).  
In Sahai et al. (2023), we used JWST’s multiwavelength imaging to explore the complex structures 
surrounding the white dwarf at the heart of the PN NGC 3132. Our analysis revealed a previously unidentified, 
extended dust cloud around the white dwarf, reaching over 2 arcseconds in radial extent, especially visible 
in the 18 µm band. We propose that this dust originates from a hierarchical triple star system consisting of 
the WD, a close low-mass companion, and a more distant A2V star. Evidence for this is strengthened by 
detecting the relative orbital motion of the A2V star, located 1.7 arcseconds northeast of the WD, indicating 
it is gravitationally bound. 

To characterize the dust, we constructed a spectral energy distribution (SED) from UV to mid-infrared 
wavelengths (0.091–18 µm), estimating a dust mass of approximately 1.3 × 10⁻² Earth masses with grains 
that are 70% silicate and 30% amorphous carbon. These findings provide insights into how mass ejections 
during late stellar evolution shape complex, multipolar PNe and underscore the role of binary and possibly 
triple systems in forming circumstellar environments as stars transition to their final stages. 

 

 

 

 

 

 

 

 

 

 

 

Figure RH4: Images of the dust cloud around the CS, taken with the James Webb Space Telescope, F1800W 
(Sahai et al. 2023): panel (a) shows the pipeline image (logarithmic stretch) and panel (b) shows the PSF-
subtracted image (square-root stretch). Dashed box in panel (b) demarcates the region of the "tail" feature. 
(c) Radial intensity cuts centered on the CS, averaged over 90° wedges pointing away (solid red curve) and 
toward (dashed red curve) from the A2V star. Brown curve shows the PSF extracted using a field star 
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RH5: Gas phase Elemental abundances in Molecular cloudS (GEMS). IX. Deuterated compounds of H2S in starless 
cores  

 

The H2S is predicted to be formed by the hydrogenation of atomic sulphur on grains, and is thought to be the 
major sulphur reservoir in interstellar ice, making it a key molecule for understanding the sulphur chemistry 
of the star formation process and solving the missing sulphur problem in molecular clouds and star forming 
regions. The study of the deuterium fraction of H2S can be used to constrain grain surface chemistry. We 
have used observations from the GEMS IRAM 30 m Large Programme and complementary IRAM 30 m 
telescope observations to study the deuterated compounds of H2S in a sample of 19 starless cores in the 
Taurus, Perseus and Orion molecular clouds, detecting HDS in ten of these starless cores and D2S in five. H2S 
single deuteration shows an inverse relationship with cloud kinetic temperature, but no trend is found with 
molecular hydrogen density or visual extinction.  Comparing with other species, we find that in starless cores 
and Class 0 objects, H2CS and H2CO have higher deuteration fractions than c-C3H2, H2S, H2O and CH3OH. H2O 
has single and double deuteration values an order of magnitude lower than H2S and CH3OH. Differences 
between the c-C3H2, H2CS and H2CO deuterium fractions and those of H2S, H2O and CH3OH are related to 
deuteration processes occurring in the gas and solid phases, respectively. We interpret the differences 
between the H2S and CH3OH deuteration and that of H2O as a consequence of different formation pathways 
in the solid phase, which can be explained in particular by the different occurrence of D-H and H-D 
substitution reactions in the ice, together with chemical desorption processes. This work demonstrates the 
relevance of D-H and H-D substitution reactions in ice for the interpretation of the observation of deuterated 
species of astrobiological importance, such as H2S, H2O and CH3OH. 

 

 
Figure RH5: D/H ratio of double deuterated molecules as a function of the D/H ratio of our selected sample 
of molecules. In the case of methanol, the single deuterated molecule is CH2DOH. Circles represent data 
obtained with single-dish observations, while triangles represent data obtained with interferometric 
observations. In the case of H2S, open symbols are the upper limits, corresponding to the sources where only 
HDS was detected. The red line shows the statistical value if the D atoms were statistically distributed in the 
molecules formed in the grain surface. The differences between the plotted molecules are explained in terms 
of its formation (gas phase vs grain surface chemistry)  and the efficienty of the H-D and D-H reactions in the 
ice. 
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Summary 

 
The objectives of the group are the following: 

• Search and characterization of high and low mass stars, brown dwarfs and isolated planets in star-forming 
regions and young star clusters. Search for massive stars with low metallicity. 

• Formation and evolution of massive stars. 

• Formation and evolution of planetary systems. 

• Study of the stellar and substellar mass function of star-forming regions and young star clusters: 
maximum and minimum mass and dependency on the environment. 

• Study and analysis of protoplanetary disks around young stars and brown dwarfs. 

• Study and analysis of debris disks, which result from the collision among small bodies and planets around 
stars of intermediate age. 

• Brown dwarf and planetary atmospheres: variability, chemical composition, structure. 

• Search for planets using direct and indirect techniques. Spectroscopic confirmations of planet candidates 
around stars detected through photometric transits.  

• Star-planet interactions. 
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Research Highlights 2023: 

 

RH1: Detection of the isotopologue 15NH3 in a brown dwarf. 

Brown dwarfs are excellent laboratories for studying giant planet atmospheres. The detection of 15NH3 may 
provide clues on the planetary formation and evolution mechanisms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure RH1: Panel a) From Barrado et al. 2023, Nature, 624, 263. Synthetic models computed for the full 
wavelength range of the MIRI observations with spectral resolution of 1000. The rest of the panels show data 
at the original resolution of MRS. Panel b) Zoom in to show the detection of NH3 at 10 μm. Panels c-f) 
Individual lines of 15NH3 and models with and with 15NH3 opacities. Error bars correspond to 1σ uncertainty. 
Panel f has two MIRI MRS channels plotted together.  Colored vertical bands stand for H2O, CH4, NH3, and 
15NH3  features. 
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RH2: TOI-969: a late-K dwarf with a hot mini-Neptune in the desert and an eccentric cold Jupiter 

 

 

 

 

 

 

 

 

 

 

Figure RH2: From Lillo-Box et al. 2023, A&A, 669, A109. Comparative properties of the newly confirmed 
extrasolar planet TOI-969b in the mass-radius diagram (left panel) and radius-period diagram (right panel). 
The location in the period-radius diagram establishes this planet in the boundaries of the so-called Neptune 
desert, a key region to understand processes of planet formation and evolution. This mini-Neptune has a 
long-period eccentric companion who might be the cause of its inward migration.  
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RH3: The CARMENES search for exoplanets around M dwarfs. Guaranteed time observations Data Release 1 
(2016-2020). 

 

Figure RH3: From Ribas, Reiners, Zechmeister, Caballero, et al. 2023, A&A, 670, 139. In 2023, the 
CARMENES search for exoplanets around M dwarfs published their Guaranteed time observations Data 
Release 1, with over 19,000 high-resolution spectra in the optical and the near-infrared collected in 2016-
2020. During those five years, CARMENES discovered 33 new planets, re-analysed 17 planets, and 
confirmed 26 planets from transiting candidate follow-up. CARMENES also updated the planet occurrence 
rate in the M-dwarf regime at 1.44 ± 0.20 planets with 1 M⊕ < Mpl sin i < 1000 M⊕ and 1 day < Porb < 
1000 days per star. From the figure, in short, CARMENES has discovered almost half of the exoplanets 
known around nearby M dwarfs, including some of those that look like Earth the most or that are the most 
amenable for atmosphere characterisation with the James Webb Space Telescope. 
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RH4: Relation between metallicites and spectral energy distributions of Herbig Ae/Be stars. 

Figure RH4: Detecting planets in protoplanetary disks around young stars is still a very challenging task, for 
which we have to look for indirect features indicative of their presence. In Guzmán-Díaz et al. (2023, A&A, 
671, A140) we looked for such features in a sample of intermediate-mass young stars with disks. The 
advantage of focusing in this stellar mass regime is that stellar metallicities reflect the metal content of the 
material recently accreted onto the star, which is not the case for convective stars like the sun or less massive. 
As it is shown in the figure, we find that the intermediate-mass stars hosting disks with signatures of giant 
planet formation -so called “Group I”- tend to have smaller metallicities than the rest -“Group II”-. This result 
supports the hypothesis that giant planets trap the most metallic material in the disk, leading to an under-
abundance of metallic elements in the material accreted by the central star. This study paves the ground for 
direct detections of planets in protoplanetary disks, providing a best-suited sample for this purpose.  

 

RH5: Characterisation of the upper atmospheres of HAT-P-32 b, WASP-69 b, GJ 1214 b, and WASP-76 b through 
their He I triplet absorption. 

 

 

 

 

 

 

 

 

 

 

Figure RH5: Characterizing exoplanets atmospheres through the He I 10830 triplet. The planet parameters 
yield different efficiency of photoevaporation. From López-Puertas, Lampón, Sanz-Forcada et al. A&A 673, 
A140 
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RH6: High-angular resolution observations of the disk around ß Pictoris. 

 

 

Figure RH6: High-angular resolution observations of the disk around ß Pictoris obtained at  12 µm with 
VLT/VISIR (top panel). The bottom panel shows the image after post-processing with PCA removing most of 
the emission from the central star.  The observations have allowed us to study the presence of substructures 
within the disk: the arrows and labels indicate different dust clumps, including the well-known southwest 
clump (C1). Using a 16-yr baseline, sampled with five epochs of observations, we were able to examine the 
evolution of the clump, that orbits with  a Keplerian motion with a semi-major axis of 56 au. In addition to 
the known clump, the images clearly show the presence of a second clump on the northeast side of the disk 
(C2) as well as possibly fainter and closer structures that are yet to be confirmed. 
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Virtual Observatory: Scientific exploitation of astronomical 
archives 
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Summary 
 

This group contributes to objective O6 of Center Strategic Plan by addressing the question of the 
development of transdisciplinary mechanisms for data discovery and analysis (including Artificial 
Intelligence) in the framework of the Virtual Observatory, Big Data and the European Open Science Cloud. 
The group also plays an important role to fulfill the objectives O1 and O2. 

The following research highlights exemplify the most relevant investigations and results in the group. 

 

 

Research Highlights 2023 
 
RH1: M dwarf stars in the b294 field from the VISTA Variables in the Vía Láctea (VVV) 

  

M dwarf stars are the dominant stellar population in the Milky Way, and they are important for a wide 
variety of astrophysical topics. The present work aims to identify and characterize M dwarf stars in the 
direction of the Galactic bulge using photometric data and with the help of Virtual Observatory tools. Using 
parallax measurements and proper motions from Gaia Data Release 3, in addition to different colour-cuts 
based on VISTA filters, we identify and characterize 7 925 M dwarf stars in the b294 field from the Vista 
Variables in the Vía Láctea (VVV) survey. We performed a spectral energy distribution fitting to obtain the 
effective temperature for all objects using photometric information available at Virtual Observatory 
archives. The objects in our sample have temperatures varying from 2800-3900 K. We also search for 
periodic signals in VVV light curves with up to 300 epochs, approximately. As a secondary outcome, we 
obtain periods for 82 M dwarfs. These objects, with periods ranging from 0.14-34 d, are good candidates 
for future ground-based follow up. Our sample has increased significantly the number of known M dwarfs 
in the direction of the Galactic bulge and within 500 pc (from 208 identified in Gaia DR3 to 7 925), showing 
the importance of ground-based photometric surveys in the near-infrared.  

 

 

 

 

 

 

 

 

 

 

Figure RH1: Sky position of the 7 925 M dwarf stars in our sample. The VVV tile b294 is presented as a grey 
area and the solid black lines represent its MOC. Blue crosses show the M dwarfs identified in Gaia DR3 
within 500 pc. 
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RH2: Title: Spectral classification of the 100 pc white dwarf population from Gaia-DR3 and the virtual 
observatory  

 

The third data release of Gaia has provided low-resolution spectra for ~100 000 white dwarfs (WDs) that, 
together with the excellent photometry and astrometry, represent an unrivalled benchmark for the study 
of this population. In this work, we first built a highly complete volume-limited sample consisting in 12 718 
WDs within 100 pc from the Sun. The use of  VO tools like VOSA allowed us to perform an automated fitting 
of their spectral energy distributions to different atmospheric models. In particular, the use of spectrally 
derived Javalambre-Physics of the Accelerating Universe Astrophysical Survey photometry from Gaia 
spectra led to the classification of DA and non-DA WDs with an accuracy >90 per cent, tested in already 
spectroscopically labelled objects. The excellent performance achieved was extended to practically the 
whole population of WDs with effective temperatures above 5500 K. Our results show that while the A 
branch of the Gaia WD Hertzsprung-Russell diagram is practically populated by DA WDs, the B branch is 
largely formed by non-DAs (65 per cent). The remaining 35 per cent of DAs within the B branch implies a 
second peak at ~0.8 M⊙ in the DA mass distribution. Additionally, the Q branch and its extension to lower 
temperatures can be observed for both DA and non-DA objects due to core crystallization. Finally, we 
derived a detailed spectral evolution function, which confirms a slow increase of the fraction of non-DAs as 
the effective temperature decreases down to 10 500 K, where it reaches a maximum of 36 per cent and 
then decreases for lower temperatures down to ~31 per cent.  

 

 

 

Figure RH2: Gaia HR diagram for the DA (left panel; blue dots) and non-DA (right panel; red dots) WDs 
classified in this work. Also plotted, for comparative purposes, our entire Gaia 100 pc sample (grey dots) and 
those classified in several spectral types in the Montreal White Dwarf Database (MWDD). The A, B, and Q 
branches are pointed for helping in the discussion. 
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RH3: The Calar Alto CAFOS direct imaging first data release   

 

The first release of the Calar Alto CAFOS direct imaging data contains 23 903 reduced and astrometrically 
calibrated images taken from 2008 March to 2019 July. The catalogue associated to 6132 images in the 
Sloan griz filters provides accurate astrometry and PSF calibrated photometry for 139 337 point-like 
detections. The mean internal astrometric and photometric accuracies are 0.05 arcsec and 0.04 mag, 
respectively. In this work we describe the approach followed to process and calibrate the images, and the 
construction of the associated catalogue, together with the validation quality tests carried out. Finally, we 
present three cases to prove the science capabilities of the catalogue: discovery and identification of 
asteroids, identification of potential transients, and identification of cool and ultracool dwarfs.  

                     

 

 

 

 

 

 

 

 

 

 

Figure RH3: Example of linear motion of the Apollo asteroid Sisyphus during nine consecutive images. The 
temporal coverage of the full set is of near 46 min. The epoch increases from left to right and from top to 
bottom. The proper motion of the asteroid is 41.5′′/h . The blue circles indicate the trajectory of the 
asteroid while the red circles indicate the current asteroid position in the image. 
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Head of Department:  Ester Lázaro

Currently, life on Earth manifests in multiple forms, and is distributed over a wide variety of environments 
with diverse physicochemical conditions. The study at the molecular level of the processes that have made 
possible the emergence of such a high degree of biological diversity on an initially inert planet is the main 
objective of the research carried out in the Department of Molecular Evolution. This is structured in six 
research groups:  
 

1. Prebiotic Chemistry and Physics of Complex Systems 

2. Molecular Evolution, RNA World and Biosensors  

3. Experimental Evolution Studies with Viruses and Microorganisms  

4. Microbial Diversity  

5. Molecular Mechanisms of Biological Adaptation  

6. Biomolecules in Planetary Exploration  

 
The research coordinated among these groups aims to give answers to fundamental questions related to the 
generation of the precursor molecules of life -including those responsible for storing and transmitting genetic 
information-, the mechanisms that direct biological diversification, or the simulation of evolutionary 
processes in the laboratory. Finally, another major objective of the department is aimed at the 
implementation of technologies for the detection of biomolecules and processes related to life on other 
planets of our Solar System. 
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Summary  

 

The Prebiotic Chemistry and Physics of Complex Systems group is concerned with the study of the chemical 
and physical aspects regarding the possible origins of life and its evolution on Earth, as well as with aspects 
related with the increase of molecular complexity and habitability on other planetary environments in the 
Solar System.  These objectives are pursued from a completely transdisciplinary perspective exploiting the 
connection between areas of expertise such as prebiotic chemistry, the physics and chemistry of surface 
science, the use of non-equilibrium and stochastic thermodynamics in symmetry breaking phenomena in 
chemistry and physics, and the modelling of reaction-diffusion-advection processes and fluid mechanics. 
We also pursue complexity theory, whose complementarity in the context of Astrobiology has not been 
sufficiently developed until only recently.  Our methods range from experimental work simulating 
conditions on the primitive Earth to planetary environments in the Solar System, with an emphasis on liquid 
water interfaces, interaction of biomolecules on mineral surfaces and chemical reactivity, to the 
mathematical modeling of complex processes, supported by computation based on the use of experimental 
and observational data.  

The research carried out by our group contributes to objectives O1.4, O2, O2.1, O3.2, O5, O5.2, O5.3, O5.5 
and O5.6 of the strategic plan. 

 

 

Research Highlights 2023 
 

 

RH1: Conditions for the origin of homochirality in primordial catalytic reaction networks 

 

In this work, we study the generation of homochirality in a general chemical model (based on the 
homogeneous, fully connected Smoluchowski aggregation-fragmentation model) that obeys 
thermodynamics and can be easily mapped onto known origin of life models (e.g. autocatalytic sets, 
hypercycles, etc.), with essential aspects of origin of life modeling taken into consideration. Using a 
combination of theoretical modeling and numerical simulations, we look for minimal conditions for which 
our general chemical model exhibits spontaneous mirror symmetry breaking. We show that our model 
spontaneously breaks mirror symmetry in various catalytic configurations that only involve a small number 
of catalyzed reactions and nothing else. Of particular importance is that mirror symmetry breaking occurs in 
our model without the need for single-step autocatalytic or mutual inhibition, which may be of relevance 
for prebiotic chemistry. For more information, see JS Gagnon, D Hochberg, Conditions for the origin of 
homochirality in primordial catalytic reaction networks, Scientific Reports 13 (1), 9885, 2023. 

 

 

RH2: Chiral symmetry breaking and entropy production in Dean vortices 

 

The chemistry of life on Earth is based on a basic asymmetry of certain molecules whose three-dimensional 
geometrical structure or conformation is not identical to that of their mirror image. Parity P, or space 
inversion, a discrete spatial symmetry transformation of fundamental physics, is broken at the molecular 
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level.  Such molecules are said to possess chirality or handedness. The mirror image structures of a chiral 
molecule are called enantiomers. Homochirality is ubiquitous in biological chemistry from its very start. 
Amino acids, the building blocks of proteins, and the sugar backbones present in DNA and RNA, are chiral 
molecules. The origin of biological homochirality has intrigued the scientific community ever since its initial 
discovery by Pasteur. To unravel its possible origin, we have conducted a combined theoretical and 
numerical study on the physics of fluid flows in curved pipes. In such coiled ducts, hydrodynamic flows 
develop a net chirality which can then be transmitted, via viscous shear forces, to the level of molecular 
self-assembly. This establishes a purely fluid-mechanical mechanism of mirror symmetry breaking from the 
fluid flow to the constituent molecules. More details in Chiral symmetry breaking and entropy production in 
Dean vortices, I.Herreros and D.Hochberg, Physics of Fluids, 35(4):043614,2023. 

 

 
Figure RH2: Helical pipes (pitch = 10 Re = 50 De = 35): (top) 3D helical geometries; (bottom) flow velocity at 
the control sections located at a distance 2h/10 from the inlets: (a) left-handed helix and (b) right-handed 
helix. (I: Inner boundary; O: Outer boundary) 
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RH3. Study of the complex chemical evolution of phosphorus in the interstellar medium.  

 

We introduce and analyze a model of the P-chemical network in an interstellar diffuse cloud. We employ a 
novel and productive association between complex network theory, Bayesian statistics and astrochemistry 
to improve existing astrochemical models by significantly decreasing their level of parameter uncertainty. 
Through this approach, we attain a deeper understanding of the formation of chemical precursors for 
organic macromolecules in space. In collaboration with Izaskun Jiménez-Serra (CAB). For more details, see A 
theoretical approach to the complex chemical evolution of phosphorus in the interstellar medium, M 
Fernández-Ruz, I Jiménez-Serra and J Aguirre, The Astrophysical Journal 956 (1), 2023.  

 

 

 
 

Figure RH3: Phosphorus astrochemical network. In this work, we study the abundance evolution of P-
bearing species in the interstellar medium and focus on the dependences of the astrobiologically relevant 
PO and PN on the system’s kinetic parameters. As a result, our model reveals that the formation of PO and 
PN is governed by just a few critical reactions, and fully explains the relationship between PO and PN 
throughout the evolution of molecular clouds. 
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RH4. Study of the interaction between the protein co-expression networks of four large DNA viruses and 
human cells during a viral infection.  

 

In this work, our aim is to bridge the gap between the system-level perspective of viral infection processes 
and their dynamics, by reconstructing and investigating the topological and dynamical features of virus-
host protein co-expression networks. We take advantage of a formal framework, the theory of competing 
networks, to describe the viral infection as a dynamical system taking place on a network of networks 
where perturbations induced by viral proteins spread to hijack the host proteome for the virus benefit. We 
believe that this approach can complement more standard analytical approaches for quantitative temporal 
viromics, and provide useful insights into the viral and host’s temporal organization and strategies, key 
protein nodes targeted by the virus and dynamical bottlenecks during the course of the infection. In 
collaboration with Raúl Guantes (UAM). For more information, see Virus-host protein co-expression 
networks reveal temporal organization and strategies of viral infection, J Aguirre, R Guantes, iScience 26 
(12), 108475, 2023. 

 

 
 

Figure RH4: Graphic abstract of the study of the interaction between the protein co-expression networks of 
four large DNA viruses and a human cell during a viral infection.  
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RH5: Role of the cation ammonium in the complex wet chemistry of the cyanide  

 

Prebiotic chemistry one-pot reactions, such as HCN-derived polymerizations, have been used as stimulating 
starting points for the generation of new multifunctional materials due to the simplicity of the processes, 
use of water as solvent, and moderate thermal conditions. Slight experimental variations in this special kind 
of polymerization tune the final properties of the products. In this work, the influence of NH4Cl on the 
polymerization kinetics of cyanide under hydrothermal conditions and on the macrostructures and 
properties of this complex system was explored. The kinetics of the process was consistent with an 
autocatalytic model, but important variations in the polymerization reaction were observed according to a 
simple empirical model based on a Hill equation. The differences in the kinetic behaviour against NH4Cl 
were also revealed when the structural, morphological, thermal, electronic and magnetic properties of the 
synthesized cyanide polymers were compared.  As a result, this hydrothermal prebiotic polymerization was 
not only pH dependent, as previously thought, but also ammonium subservient. The results discussed on 
this paper expanded the knowledge on HCN wet chemistry, offered an extended view of the relevant 
parameters during the simulation of hydrothermal scenarios and described the production of promising 
paramagnetic and semiconducting materials inspired by prebiotic chemistry. PCCP 2023, 25, 20473.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure RH5: Back-cover illustrating the complex chemistry of the cyanide in hydrothermal systems under 
the influence of the ammonium cation (PCCP 2023, 25, 20473).  
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RH6: Statistical analysis of the hydrothermal syntheses of HCN polymers  

 

In this work, for the first time, chemometrics was applied to the recently reported microwave-driven 
cyanide polymerization. Fast, easy, robust, low-cost, and green-solvent processes are characteristic of these 
types of reactions. These economic and environmental benefits, originally inspired by the constraints 
imposed by plausible prebiotic synthetic conditions, have taken advantage of the development of a new 
generation of HCN-derived multifunctional materials. HCN-derived polymers present tunable properties by 
temperature and reaction time. However, the apparently random behavior observed in the evolution of 
cyanide polymerizations, assisted by microwave radiation over time at different temperatures, leads us to 
study this highly complex system using multivariate analytical tools to have a proper view of the system. 
The obtained consistent statistical results indicated that microwave-driven polymerization is a more robust 
process than conventional thermal syntheses but also that plausible prebiotic chemistry in alkaline 
subaerial environments could be more complex than in the aerial part of these systems, presenting a clear 
example of the “messy chemistry” approach of interest in the research about the origins of life. In addition, 
the methodology discussed in this paper could be useful for the data analysis of extraterrestrial samples 
and for the design of soft materials, in a feedback view between prebiotic chemistry and materials science. 
Polymers 2023, 15, 410. 

 

 

 

 

 

 

 

 

 

 

Figure RH6: Microwave reactor for organic syntheses; b) Water solution of cyanide plus ammonium 
chloride; c) Crude reaction after heating of the solution showed in b.  
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RH7: A New Approach in Prebiotic Chemistry Studies: Proline Sorption Triggered by Mineral Surfaces Analysed 
Using XPS 

 

We have performed the first spectroscopic characterization of L-proline adsorption on a battery of mineral 
surfaces such as montmorillonite, olivine, iron sulphide and haematite, which is relevant to prebiotic 
chemistry. In this research, specific mineral-organic interactions have been described by XPS, IR and XRD; 
the adsorbed chemical forms and their charge could force the functional groups more kindred to the 
mineral surface, thus leaving the groups less reactive with the mineral free and available to activate 
chemical reactions with other molecules, leading to an increase in chemical complexity. 

Our studies provide insight into the understanding of a wide range of chemical environments that would be 
prebiotically viable by concentrating precursor molecules and their subsequent reactivity due to the 
specific structure of each mineral. In addition, it is important to search for minerals with the highest 
molecular concentration potential, as well as those capable of protecting the molecules in their structure 
from UV damage. Therefore, the location of these minerals would be the planetary sites most likely to 
detect organic molecules. This study confirms the potential of clays such as montmorillonite to preserve 
and concentrate simple biomolecules such as amino acids, as well as pushing the chemistry governing 
molecular interaction. 

 

 

 
Figure RH7: XPS nitrogen signal of the four minerals, before and after the adsorption of proline on 
montmorillonite, olivine, haematite, and iron disulphide; inset of proline molecular structure. The Scheme 
shows a summary of the interactions between L-proline (anion or zwitterion) and montmorillonite and 
pyrite mineral surfaces (from top to bottom). Life 2023, 13(4), 908. 
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RH8: Design, Synthesis, and Computational Studies on the effect of Surface Organo-Silanization on SBA-15 
Mesoporous Silicas in CO2 Adsorption Processes: Nanosensors for space exploration 

 

The present work aims to provide some guidance in the construction of functionalized mesoporous 
materials oriented for CO2 capture. Carbon dioxide solid sorbents produced from mesoporous 
functionalized silica microparticles (SBA-15) have been investigated (i) theoretically using density functional 
theory and (ii) evaluated empirically for assessing their CO2 adsorption capacity. Two different families of 
organosilyl groups have been tested possessing a common anchoring group (silanol), in one extreme, but 
bearing two different types of CO2 sensitive groups in the other extreme; (i) hyperbranched polymeric 
PAMAM moieties, carrying multiple −NH2 groups, and (ii) a collection of linear functional ending groups 
such as −SH, −SO3H, −guanidine (Gdn), −NH2, −NCO, and −N3.  

Adsorption isotherms revealed that SBA-15 bearing (3-aminopropyl)triethoxysilane (APTES) showed an 
impressive 3.4-fold adsorption enhancement compared to the pristine SBA-15, following a straightforward 
synthetic protocol. Computational calculations here presented gave insight to the unexpected, limited 
adsorption capacities shown by sulfur-based materials; in addition, interesting results were also observed 
in the energy profile of SBA-15@NH2 vs SBA-15@ Gdn, thus suggesting the latter to be more efficient in the 
CO2 adsorption experiments. Therefore, functionalised mesoporous materials are relevant platforms for 
future development of detection CO2 nanosensors for space and planetary exploration. Ind. Eng. Chem. 
Res. 2023, 62, 28, 11001. 

 

 

 
Figure RH8: Left:Front-cover illustrating the 3D cross-sectional representation for a hexagonally ordered 
structure and organosilyl groups for CO2 capture (Ind. Eng. Chem. Res. 2023, 62, 28, 11001-11015). Right: 
Surface Modification of SBA-15 with Different Organosilyl Groups and SEM images of (a, c) SBA-15 
(zoomed), (b) SBA-15@PAMAM, and (d) SBA-15@NH2. Sputter-coated with 5 nm of chrome. 
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Molecular Evolution, RNA World and Biosensors 
 

 

 

 

Group coordinator: Carlos Briones

 

Senior Researchers:  

Yolanda Blanco 

 

Technicians:  

María Fernández-Algar 

 

 

Students:  
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María Martínez Orosa
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Summary 
 

The research group Molecular Evolution, RNA World and Biosensors contributes to the objectives O2, O4, 
O5, and O6 of CAB’s Strategic Plan by addressing the following questions: i) collaborating with the 
Astrochemistry group to characterize molecular precursors of the RNA world in the interstellar medium; ii) 
developing experimental approaches and contributing to in silico models to abiotically polymerize 
ribonucleotides at mineral-water interfaces (including clay minerals) as well as in other complex media, 
within the framework of our research in prebiotic systems chemistry; iii) characterizing the dynamics and 
evolution of RNA virus quasispecies under different selective pressures, and analysing the use of certain 
RNA virus sequences and activities as ‘archaeological tools’ to unveil ancient molecular relationships; iv) 
conducting in vitro selection of RNA and DNA aptamers against various molecular targets, including amino 
acids and other low molecular weight biomolecules, astrobiologically-relevant peptides and proteins, as 
well as viral proteins; v) developing ultrasensitive, aptamer-based graphene biosensors with applications in 
biotechnology and astrobiology; vi) collaborating with other CAB groups to characterize biodiversity in the 
Río Tinto subsurface. 

The following research highlights showcase the most significant investigations and results of the group 
during 2023. 

 

 

Research Highlights 2023: 
 

 

RH1: Development of experimental systems and in silico models for the abiotic polymerization of 
ribonucleotides 

 

One of the lines of research of this group is to study the processes that might have led to the establishment 
of the RNA world, within the conceptual framework of prebiotic systems chemistry for the origin of life. In 
2023, in collaboration with the Group of Organic Chemistry led by Andrés de la Escosura (UAM, Madrid), 
we have optimised experimental systems for the abiotic polymerisation of RNA oligonucleotides from cyclic 
ribonucleotides (cAMP, cGMP and their mixtures). Different phyllosilicates (clays) have been used as 
mineral substrates, working at different pH levels and ionic strengths. X-ray diffraction has been used to 
study the structural alterations produced in the clay as a result of the absorption of these monomers. The 
possible polymerisation was analysed by electrophoresis (Agilent Bioanalyzer 2100 system), HPLC and mass 
spectrometry (manuscript in preparation). In parallel to this ongoing work, we have collaborated with 
Jacobo Aguirre (CAB's Prebiotic Chemistry and Complex Systems Physics Group) in the development of 
computational systems that could explain the process of abiotic polymerisation of ribonucleotides, as well 
as the template-dependent replication of the oligomers generated (manuscript in preparation). 
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Figure RH1: Study of the interlamellar spacing in stevensite clay (Stv) after adsorption of cAMP or cGMP, by 
means of X-ray diffraction. 

 

RH2: Evolution of virus RNA quasispecies under different selective pressures 

 

RNA virus quasispecies provide suitable models for investigating the population dynamics of RNA molecules 
during the RNA World. In collaboration with the groups of Esteban Domingo (CBMSO, CSIC-UAM, Madrid) 
and Jordi Gómez (IPBLN, CSIC, Granda), we have investigated quasispecies dynamics for the last years. 
Using hepatitis C virus (HCV) as a model system, we provided evidence that the antiviral drug sofosbuvir 
(SOF) can act as a mild mutagen and that such mutagenic activity is largely abolished when it is tested with 
high fitness HCV (Martínez-González et al., 2023). 

In parallel, we have used certain RNA virus sequences and activities (including ribozymes) as ‘archaeological 
tools’ to unveil ancient molecular relationships in some cellular mRNAs and viral RNAs which likely share a 
common origin. The sequence of such structural/functional RNA elements was preserved within the linear 
information of nucleic acid molecules that is translated into proteins (Ariza-Mateos et al., 2024a). 
Additionally, we have studied how information concepts derived from physics and computer science allow 
understanding ‘meaningful-information’ at a molecular level, thus connecting viral genetics with natural 
language research. We have compared such theories with the neo-Darwinian treatment of genetic 
information to explain the rapid evolution of RNA viruses (Ariza-Mateos et al., 2024b). 

 

 
Figure RH2: Schematic representation of the 5’genomic regions of HCV, bovine viral diarrhoea virus (BVDV), 
classical swine fever virus (CSFV) and the complete interferon alpha 5 mRNA (IFNA5), showing the 
conserved functional sites that interact with four molecular signals: RNase P, RNase III, cytoplasmic 
accumulation signal (CAR) and ribosomal binding site (RBS) (Adapted from Ariza-Mateos et al., 2024a). 
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RH3: Development of ultrasensitive graphene-based biosensors 

 

We have set up and optimized different experimental systems for the in vitro selection and evolution of 
RNA and DNA molecules, focused on the production of aptamers against various kinds of molecules of 
interest in biotechnology and astrobiology. During 2023, we have finished the selection and 
characterization of DNA aptamers targeting conserved peptides present in metal-binding proteins. These 
aptamers will allow developing biosensors capable of detecting biomarkers in extreme environments, 
useful in planetary exploration (manuscript in preparation). 

Additionally, we have used our previously developed anti-HCVcore aptamers (in particular, the DNA 
aptamer showing the highest affinity and specificity for its protein target) to build graphene-based 
aptasensors with unprecedented attomolar (10-18 M) sensitivity for detecting the viral protein (Palacio et al., 
2023). This work has been done in collaboration with research groups from the International Iberian 
Nanotechnology Laboratory (INL, Braga, Portugal), Institute of Physics (Czech Academy of Sciences, Prague, 
Czech Republic) and Institute of Materials Science of Madrid (ICMM, CSIC). The continuation of this 
interdisciplinary project focuses on the development of such ultrasensitive biosensors for the detection of 
biomarkers in different biotechnological and astrobiological applications. 

 

 
Figure RH3: Scheme of the electronic system used to read the graphene-based aptasensors we are 
developing. Top-right image shows the actual appearance of the biosensor chip attached to the electronic 
board. 
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Experimental evolution studies with viruses and 
microorganisms 
 

Group coordinator: Ester Lázaro 

 

Predoctorals:  

Mara Laguna Castro,  

Alicia Rodríguez Moreno  

 

Students:  

Sergio Martín Blázquez  

Lorena Aznarán Alcántara 

 

Summary:  
 

This group contributes to objective 5 (O5) of Center Strategic Plan. In order to understand how life has 
diversified since its origin, it is essential to understand the fundamental principles governing adaptation to 
diverse environments. Consequently, the recreation of evolutionary processes in controlled laboratory 
settings, utilizing simple organisms that evolve rapidly, has facilitated significant advancements in 
identifying the relationships between environmental parameters, genetic changes, and specific 
adaptations. 

Our experimental model is bacteriophage Qβ, a lytic virus that infects the bacterium Escherichia coli using 
as receptor the conjugative F pilus. Qβ possesses a single-stranded, positive-sense RNA genome spanning 
4217 nucleotides that encodes four proteins: A2 (or maturation protein), which mediates phage binding to 
the bacterial pili, penetration of the viral genome and cell lysis; coat protein, serving as the major capsid 
protein; A1 (or minor capsid protein), occasionally produced when the stop codon of the capsid protein is 
interpreted as tryptophan; and the replicase, responsible for RNA genome replication. Evolutionary 
experiments carried out in our group are usually focused on analyzing the genotypic and phenotypic 
changes experienced by Qβ when it is propagated under the particular conditions whose influence on 
evolution we want to analyze. The following research highlights exemplify the most relevant investigations 
and results in the group during the year 2023. 
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Research Highlights 2023: 
 

 

RH1:  The balance between fitness advantages and costs drives adaptation of bacteriophage Qβ to 
changes in host density at different temperatures 

 

In a previous study, it was demonstrated that bacteriophage Qβ could adapt to replicate at bacterial 
concentrations lower than those typically used in the lab when temperature was the optimal one (37°C). 
Adaptation occurred via a mutation in the A1 protein (C2011A), facilitating virus entry into bacteria. In this 
new study, the adaptive strategies of Qβ when bacteria densities are lower than optimal were investigated 
at two other temperatures (30°C and 43°C) Evolution at 30°C consistently selected mutation C2011A in the 
A1 protein, while at 43°C, mutation U830C in the A2 protein was selected. Both mutations enhanced the 
formation of infectious center at the three temperatures assayed (30°C, 37°C and 43°C). However, U830C 
presented fitness costs at 30°C and 37°C, probably due to the prolonged latent periods that resulted of a 
less efficient interaction of mutated A2 with the cellular protein MurA. In contrast to this, mutation C2011A 
posed fitness costs at 43°C, potentially due to non-productive interactions of the viral particles with cellular 
debris. Evolution experiments at non-selective temperatures confirmed the temperature-dependent 
selection of mutations. Overall, adaptation of Qβ to reduced host availability involves mutations enhancing 
virus entry into bacteria, with selection being influenced by trade-offs between advantages and fitness 
costs at different environmental conditions. 

 

 

 

Figure RH1:   Mutations detected in the consensus sequence of the evolutionary lineages of bacteriophage 
Qβ. The most frequently detected mutation during evolution at 30°C, (C2011A, T222N in the A1 protein) is 
marked with a blue rectangle, whereas the most common mutation during evolution at 43°C (U830C, 
V256A in the A2 protein) is marked with a red rectangle. 



 

 

 
66 

RH2: Evolutionary adaptation of an RNA bacteriophage to repeated freezing and thawing cycles 

 

Bacteriophage fitness is determined by factors influencing both their replication within bacteria and their 
ability to maintain infectivity between infections. The latter becomes particularly crucial under adverse 
environmental conditions or when host density is low. In such scenarios, the damage experienced by viral 
particles could lead to the loss of infectivity, which might be mitigated if the virus undergoes evolutionary 
optimization through replication. In this study, we conducted an evolution experiment involving 
bacteriophage Qβ, wherein it underwent 30 serial transfers, each involving a cycle of freezing and thawing 
followed by replication of the surviving viruses. Our findings show that Qβ was capable of enhancing its 
resistance to this selective pressure through various adaptive pathways that did not impair the virus 
replicative capacity. Notably, these adaptations predominantly involved mutations located within genes 
encoding capsid proteins. The adapted populations exhibited higher resistance levels than individual viruses 
isolated from them, and the latter surpassed those observed in single mutants generated via site-directed 
mutagenesis. This suggests potential interactions among mutants and mutations. In conclusion, our study 
highlights the significant role of extracellular selective pressures in driving the evolution of phages, 
influencing both the genetic composition of their populations and their phenotypic properties. 

 

  
 

 

 

Figure RH2: Upper pannel: Scheme showing the evolution experiment performed with bacteriophage Qβ. 
(a) The virus QβAnc was propagated in triplicate through 30 serial transfers consisting of freezing at – 20 °C, 
thawing at 4 °C, and amplification of the surviving viruses in a standard replication assay. The lines obtained 
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were denoted L1, L2, and L3 (evolved lines). (b) The virus QβAnc was propagated through 30 serial transfers 
that did not include freezing and thawing. In this way, a control line was obtained whose properties were 
compared with those of the ones evolved through F/T/R cycles. Bottom pannel: Survival rate of the three 
Qβ evolved lines (L1, L2, and L3), the control line, and the virus QβAnc. Each line was subjected to three 
consecutive F/T cycles. The survival rate was calculated with respect to the initial amount of virus 

 

 

RH3: Evolution of bacteriophage Qβ under conditions of microgravity 

 

Gravity is a factor that has remained constant, both in direction and magnitude, throughout the evolution 
of life on Earth. However, recent advances in space exploration have brought to the forefront the study of 
how terrestrial life could adapt to different gravity conditions. The present work is a first approach to 
studying the effect of continuous alteration in the direction of gravity (which in practice is equivalent to 
recreating microgravity conditions) on infections caused by bacteriophage Qβ. A 3D clinostat designed by 
Sergio Martín Blázquez, a student from the Universidad Politécnica de Madrid who has completed his TFM 
at CAB, is being used for this purpose. Our preliminary results show that Qβ infections on semi-solid agar 
produce lower viral titers when they occur in the clinostat than when they occur in the usual incubator. 
After 10 transfers in which infections were carried out in semi-solid medium under microgravity conditions 
in the clinostat, the virus selected mutation C2011A, which we know increases virus entry into bacteria. We 
are currently analyzing whether the selective value of this mutation in microgravity conditions is due to a 
worse diffusion of the virus, to a worse interaction with the cellular receptor or to the induction of a 
physiological state in the bacteria that makes them less sensitive to infection. 

 

 

Figure RH3: Scheme of the 3D clinostat used to simulate microgravity conditions. The 3D clinostat consists 
of two perpendicularly positioned motors that rotate the cylinder and the frame at a constant speed. The 
speed can be controlled independently for each motor and in this way the desired trajectory can be formed 
by combining the two speeds. Credits: Sergio Martín Blázquez. 
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Microbial Diversity 
 

 

 
 

 

Group coordinator: Elena González Toril 

 

Senior Researchers:  

Ángeles Aguilera Bazán,  

Cristina Cid Sánchez. 

 

Predoctorals:  

Víctor Muñoz Hisado,  

Jesús Javier Rey Samper 

 

 

Technicians:  

Graciela de Diego,  

Eva García López,  

Thalia Parro Dávila 

 
Students:  
 
Sandra Martinez González,  

Andrea Hidalgo Arias,  

Radoslaw B. Dudzia

 
 

Summary:  
 

This group contributes to objective “O5. To understand the basic principles of life in planetary environments, 
its early evolution and adaptability to diverse and often extreme conditions”, of Center Strategic Plan by 
addressing the question of how metabolic diversity has occurred as well as its molecular adaptations to the 
extreme environmental physicochemical parameters. The following research highlights exemplify the most 
relevant investigations and results in the group. 

This group contributes to objective “O5. To understand the basic principles of life in planetary environments, 
its early evolution and adaptability to diverse and often extreme conditions”, of Center Strategic Plan by 
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addressing the question of how metabolic diversity has occurred as well as its molecular adaptations to the 
extreme environmental physicochemical parameters. The following research highlights exemplify the most 
relevant investigations and results in the group. 

 

 

 

Research Highlights 2023: 
 

 

RH1: The cycle of aerosols on Mars and Earth, a comparative study. Implications for life and planetary 
protection  

 
The objective of this project is to investigate the atmospheric dispersion of mineral, organic and biomass 
aerosols in the Earth's atmosphere and surface, serving as a case study analogous to similar phenomena 
occurring on Mars. The specific objectives are as follows: 
(a) Exploration of the biodiversity and microbial dispersion associated with Saharan dust intrusions. 
(b) Examination of the molecular mechanisms conferring resistance to ultraviolet radiation, including an 
analysis of the possible protective role of dust and the molecular responses triggered under Martian 
conditions in the Mars Simulation Chambers and in the space environment. 
(c) Isolation of micro-organisms from spacecraft assembly cleanrooms. 
(d) Isolation of micro-organisms present in the stratosphere using hot-air balloons. 
(e) Exploration of molecular mechanisms activated under Martian conditions in Simulation Chambers both 
on Mars and in the space environment.   
 
To date, we have established a comprehensive database of atmospheric microbial diversity obtained from 
sampling at various scenarios and meteorological stations, covering both Saharan intrusion and non-intrusion 
periods. In addition, we have compiled a culture collection comprising microorganisms isolated during 
Saharan intrusions, as well as isolates from cleanrooms and the stratosphere. Ongoing efforts include the 
evaluation of the resistance of these microorganisms to various extreme conditions, including those 
representative of the Martian atmosphere. 
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Figure RH1: Balloon sampling: Process of isolation and identification of cultures from the stratosphere. From 
the colonies obtained on the plates impacted in the stratosphere, colonies are isolated by extension seeding. 
Pure strains are identified by 16S rRNA gene sequencing and a phylogenetic tree is made to reliably establish 
their taxonomy.     

 

 

RH2: Life as a geochemical control in the formation and evolution of key ore deposits (superMIN). 
 

MINLIFE seeks to understand the role the role played by subsurface microorganisms in the genesis of 
secondary mineral deposits, using one of the best secondary mineral deposit examples: the supergene 
alteration zone of the Las Cruces volcanogenic massive sulphide located at the contact between a Paleozoic 
basement (Upper Devonian-Lower Carboniferous) and the Miocene sediments of the Cenozoic Miocene 
sediments of the Guadalquivir Basin, at about 250 m depth. From the microbiological point of view, the 
ecosystems found in the subsoil are mainly supported by methanogenic archaea and sulfate-reducing 
bacteria (Sulfate-producing sulfate-reducing bacteria (SRB). This assumes that methane production and 
sulfur reduction are the most important metabolic pathways in this ecosystem and the main responsible for 
the precipitation of sulfate complexed heavy metals. While this occurs in the anaerobic zones, in regions 
where oxygen is filtered, sulfur is oxidized to sulfate by sulfur-oxidizing bacteria (SOB) and methane oxidized 
by methanotrophic bacteria. Microscopic analysis, Secondary Ion Mass Spectrometry, as well as biomarker 
analyses has demonstrated the existence of a thriving microbial community, both living and fossilized, 
associated with the mineralization, providing direct and indirect evidence of the important biological control 
throughout the secondary mineralization. The fossil prokaryotes encountered were preserved due to a 
massive precipitation event that was probably promoted and indirectly accelerated by biological activity. 
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Figure RH2: TEM micrograph of bacilli found in the mineral cementation zone at Las Cruces mine. 

 

 

RH3: Microbial ecosystem in the perennial ice from ice caves. 
 
This project studies the composition of the microbial communities inhabiting the frozen caves on both slopes 
of the Pyrenean Mountain range. In addition, we intend to estimate the in vivo effect of climate change on 
their cellular machinery using proteomic techniques. These works are part of the ORCHESTRA project. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure RH3:  Ice cave.  A) Porche entrance. B) Sampling ice from seasonal ice formed during late winter/early 
spring. C) Location of the fossil ice. D) Sampling in the ice.  
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RH4: Study of microbial communities during ice melting in Antarctic glaciers. 
 
When glacier surface ice melts during the austral summer, microbial communities proliferate and activate their 
metabolism. This metabolic activity plays a fundamental role in the cycling of carbon, nitrogen and other key elements. 
This work is part of the CSIC Interdisciplinary Thematic Platform (PTI) Polar zone Observatory (PTI-POLARCSIC) activities. 
 

 
Figure RH4: Antarctic glacier. 1-3) Sampling points. 
 
 
 
 
RH5: Biotechnological development of purple phototrophic bacteria. 
 
This work aims to the biotechnological development of purple phototrophic bacteria (PPB) on resource recovery from 
waste sources, contributing to a circular bioeconomy. Resource recovery includes wastewater or organic waste, open 
or closed environments, in single or chain processes. The network associates fundamental-focused and applied-research 
groups, improving lab-scale technology optimization through mechanistic modeling. It benefits the technology transfer 
from applied-research groups to industry, considerably improving process design. These works are part of the 
PURPLEGAIN project. 
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Molecular Mechanisms of Biological Adaptation 
 

  

 

Group Coordinator:   José Eduardo González-Pastor 

 

Senior Researchers:  

Salvador Mirete Castañeda 

 

Technicians:  

Carolina González de Figueras  

 

Posdoctorals:  

Mercedes Sánchez Costa 

 

Posdoctoral trainees   

Pablo Martínez Rodríguez 

 

Predoctorals:  

Jorge Díaz-Rullo 

 

Students  

Gloria López Morales  

Melany Yalibeth Loera Osorio 

 

Summary  
 

Microorganisms that inhabit extreme environments (extremophiles), have developed complex molecular 
mechanisms that allow them to survive in these conditions. The research in this group is focused on the 
discovery and characterization of new molecular adaptation mechanisms from extremophiles, more 
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specifically those that thrive in hypersaline environments considered analogous to Mars and icy satellites 
such as Europa (Jupiter) and Enceladus (Saturn) (contribution to objectives O3.2 and O5.6 of CAB Strategic 
Plan). One important drawback is the fact that a major fraction of environmental microorganisms cannot be 
cultivated directly under laboratory conditions. To circumvent this limitation, this group is using culture 
independent techniques, such as metagenomic sequencing, functional metagenomics and 
metatranscriptomics, which allow access to the genetic information of all the microorganisms present in a 
certain environmental sample, easing the study of their adaptation strategies to extreme conditions. In 
addition, this group is also involved in the design of microorganisms and plants that are more resistant to 
the conditions of space or other planetary bodies, by expressing in them resistance genes isolated from 
extremophiles (contribution to O5.7 of the Strategic Plan).  

Currently, this group is researching in: i) molecular mechanisms of adaptation to salt, perchlorate, UV 
radiation and day/night cycles in microorganisms that inhabit hypersaline environments; ii) gene transfer 
mechanisms in extreme halophilic microorganisms, such as the square archaea Haloquadratum walsbyi; 
and iii) expression of resistance genes to different abiotic stresses in the plants Arabidopsis thaliana and 
Marchantia polymorpha . The following research highlights exemplify the most relevant investigations and 
results in the group. 

 

 

Research Highlights 2023: 
 

 

RH1: tRNA queuosine modification may act as a quorum sensing signal, and controls NAU codon-enriched 
genes expression in both bacteria and eukaryotes 

 

In previous studies of our laboratory, we have characterized the role of tRNA queuosine (Q) modification, 
which represents a new mechanism that regulates adhesion, biofilm formation and virulence generally in 
bacteria through the coordinated control of the expression of genes enriched in NAU codons (Q-genes). 
Due to biofilm formation and virulence are processes commonly regulated by quorum sensing (QS), we are 
studying Q or its precursors as QS signaling molecules. For that purpose, we have developed a fluorescent 
reporter strain (patent pending) for measuring the levels of Q or its precursors secreted by multiple 
bacterial strains. In addition, this strain has been used to identify indole as a novel inhibitor of tRNA Q-
modification, which may open the door to the development of novel treatments against bacterial 
infections. Furthermore, we have addressed the role of Q in eukaryotes, and we report that Q also controls 
the expression of Q-genes in these organisms, similar to bacteria. Bioinformatics analysis revealed that Q 
regulates ubiquitination, phosphatidylinositol metabolism, splicing, DNA repair or cell cycle generally in 
eukaryotes, critical processes during carcinogenesis (Figure 1). Moreover, considering that eukaryotes 
obtain Q from its microbiome, we have observed that certain health defects of germ-free organisms could 
derive from impaired q supply, and we suggest that Q would represent a new molecule by which 
microbiome could affect host physiology through translational control of host Q-genes. 
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Figure RH1: Graphical scheme of the processes that may be dysregulated by Q-tRNAs depletion in human 
cancer cells due to alteration of Q-genes translation. 

 

 

RH2: Archaeosine would regulate the adaptation to changes of salinity in extreme halophilic archaea possibly 
through the control of NAU codon-enriched genes expression 

 

In a different project, we have studied the role of archaeosine, another tRNA modification found only in 
archaea. Previous results from our laboratory indicate a link between archaeosine and adaptation to 
salinity changes in the extreme halophilic archaea Haloferax volcanii, but we do not know the molecular 
mechanism underlying this phenomenon. Archaeosine shares a biosynthetic pathway with Q. As stated in 
RH1, Q increases the translational efficiency of NAU codon-enriched genes (Q-genes) in bacteria and 
eukaryotes. In archaea such as H. volcanii, we have also identified Q-genes, but how they can be translated 
correctly without Q is unknown. In this work, we hypothesized that archaeosine plays the same role as Q, 
but in archaea. We compared the proteomic profile of a wild-type strain with one overexpressing 
archaeosine biosynthesis genes, and observed that the induced proteins were encoded by genes with a 
higher frequency of NAU codons, and the opposite for the repressed ones (Figure 2). Moreover, H. volcanii 
Q-genes were mainly involved in glycosylation and organization of S-layer proteins, which are known to 
alter glycosylation patterns for improving tolerance towards changes in salinity. Therefore, archaeosine 
could replace Q in archaea in the task of regulating the translation of NAU codons and Q-genes.  
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Figure RH2: Mean NAU codon frequency of the genes encoding for differentially expressed proteins in a 
strain of H. volcanii overexpressing archaeosine biosynthesis genes. Horizontal line represents the genome-
wide frequency of NAU codons in H. volcanii genome 

 

 

RH3: Introduction of the phytochelatin synthetase gene CaPCS2 in plants to analyze their resistance to 
different abiotic stresses  

 

In collaboration with Silvia Díaz, PhD (Department of Genetics, Physiology and Microbiology (UCM)) and 
Ángeles Aguilera, PhD (CAB) we carried out a study on the resistance to different abiotic stresses conferred 
by the expression of the phytochelatin synthetase gene CaPCS2, from microalgae Chlamydomonas 
acidophila isolated from Río Tinto (Huelva, Spain), in Escherichia coli (DH5a). The resulting modified E.coli 
strain showed an increase in resistance to different stresses such as different heavy metals, arsenic, acidic 
pH, perchlorate, salt and UVB radiation (Díaz S, et al. 2022 IJERPH).   

It was then decided to explore whether this gene could also increase resistance in plants. To do so, the 
CaPCS2 gene was introduced into two different model plant species. On the one hand, Marchantia 
polymorpha, which is a liverwort bryophyte of interest not only because it is a direct descendant of the first 
plants to colonise the Earth, but also because it is haploid, facilitating the analysis of transformed lines. On 
the other hand, Arabidopsis thaliana, which is one of the main model plants, with easy and fast growth. 
Once the transformed Marchantia plants were selected, their resistance to perchlorate was tested. 
Comparing WT plants with those containing the CaPCS2 gene in the presence of perchlorate, we obtained 
some quite encouraging preliminary results (Figure 3). Constructions in Arabidopsis grew more slowly 
because the different lines must reach homozygosity before resistance testing can be performe 
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Figure RH3. Selection of plants transformed with gene CaPCS2, a) Marchantia polymorpha GB5 ½ medium 
with hygromycin and cefotaxine in petri dish b) Arabidopsis thaliana selection in vermiculita soil (1:1) with 
phosphinothricin or glufosinate ammonium, c) and d) Growth in GB5 1/2 medium with different amounts of 
perchlorate for 2 weeks (with controlled light and temperature). 
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RH4: Searching for UV resistance genes in biofilms from Salar de Atacama 

 

Salar de Atacama (Chile) is characterized by being a hypersaline environment where thriving 
microorganisms have to endure high doses of UV radiation. These conditions cause harmful effects in those 
living organisms that are adapted by the production of protective molecules, such as pigments (Figure 4), 
effective DNA protection and repair enzymes, and other molecular strategies yet to be discovered. To study 
and discover novel genes involved in UV resistance in these microorganisms, we used functional 
metagenomics approach, a culture independent technique since most of those organisms cannot be 
cultured in the laboratory.  

In this ongoing project, several biofilms were sampled from Aguas de Quelana in Salar de Atacama. The 
metagenomic DNA obtained from these samples was sequenced by PacBio technology to perform diversity 
studies and was also used to create metagenomics libraries in E. coli DH10B strain. After exposing one of 
the libraries to 5 mJ/cm2 of UV (B) radiation, 100 resistance clones were selected for further UV 
experiments. Of them, five show higher UV resistance than the parental strain in drop assays. Plasmids 
from these clones were extracted, and they will be sequenced to determine the ORFs and coding genes. 
The results of this research will allow us to understand the resistance strategies hidden in these biological 
niches.   
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Figure RH4: Microbial mats from Aguas de Quelana (Salar de Atacama). Samples 
present the distinctive colored pigmentation of organisms that inhabit these 
environments as a protective response of the extreme conditions to which they 
are exposed.   
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Biomolecules in Planetary Exploration 
 

 

Group coordinator: Victor Parro García 

 

Senior Researchers:  

Mercedes Moreno-Paz 

 

Posdoctorals:  

Laura Sánchez García 
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Summary  
 

A multidisciplinary group devoted to investigating the microbial metabolic potential and the preservation of 
molecular biomarkers (in space and time) in terrestrial analog environments to others found in different 
planetary bodies. The experimental approach is based on the study of the biological material and the 
information it provides in situ (field campaigns) and in the laboratory, its preservation and interaction with 
the physical environment, the identification of molecular biomarkers, and the development of 
methodologies and instrumentation for in-situ detection. The objective is to infer how life could be in other 
planets and to design methods and strategies for detecting molecular biomarkers in planetary exploration 
missions and in samples brought to Earth in the future. Over 2022 the group has contributed to objectives 
O4, O5, and O6 of CAB’s Strategic Plan with investigations such as: Identifying molecular biomarkers (lipids 
and proteins) associated with ancient and current terrestrial analog environments and their similarities 
with other worlds (O4.1); deciphering the microbial diversity and adaptation to extreme physicochemical 
parameters in Antarctic nunataks, as potential analogues of cold and wet early Mars (O5.4), or the 
implementation of sensors for in situ molecular biomarker detection in planetary exploration and potential 
terrestrial applications (O6.4). 
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Research Highlights 2023 
 

 

RH1: Searching for biomarkers in the early stages of life on Earth and in Mars analogs.  

 

Peptides and proteins likely play a fundamental role in biology due to they were probably key molecules 
involved in the origin of life on Earth. We investigate the transition from abiotic to biotic chemistry of proteins 
through an immunological approach based on polyclonal antibodies, aiming to identify universal target 
biomolecules. For addressing this issue, first, we are focused on exploring i) hypothetical prebiotic primordial 
peptides; ii) searching peptide sequences reported in second structures in proteins with relevant functions, 
and iii) estuding ancestral proteins.  

We have produced antibodies that recognize peptides reported to probably be involved in the origin of 
proteins in the first stages of the origin of life on Earth. For that purpose, we are developing experiments of 
prebiotic chemistry with the most abundant amino acids detected in meteorites and comets, that presumably 
were present in the early Earth. Under the prebiotic chemistry conditions hypothetically present in early 
Earth, these amino acids might have led to the synthesis of small peptides that could have been key in the 
formation of other relevant functional peptides, and therefore, could have probably contributed to early 
chemical evolution as well as the formation of the first proteins. Some peptides highly conserved in nature 
are part of important motifs and domains in proteins, which have a particular function by themselves (ej. zinc 
finger). We have produced antibodies that recognize different secondary structures in proteins, such as the 
P-loop or the Beta-propellers that can be considered universal targets. Finally, we have studied several 
ancestral proteins as possible targets for detecting and identifying peptide biomarkers in early Earth samples 
and Mars analog environments. 

 

RH2: Detecting and Identifying Ancestral Peptide Biomarkers in Early Earth Analogue Environments 

 

In this line of research, we have compared ancestral proteins and their modern counterparts, looking for 
conserved residues or short peptide sequences that can be used as potential universal biomarkers. To this 
end, we have used eight resurrected and reported ancestral proteins: three thioredoxins (LBCA, LPBCA, and 
LGPCA), three β-lactamases (PNCA, GNCA, GPBCA), a RuBisCO, and an Elongation Factor Tu and we produced 
polyclonal antibodies as targets for biomarker detection. Polyclonal antibodies raised against these relevant 
proteins were used in a fluorescent sandwich microarray immunoassay, the APChip, to test eleven natural 
samples corresponding to different environments (hydrothermal, arctic, and mediterranean) and different 
types (silica precipitates, biofilm, salt crust, sediment, and soil). Antibodies used in the APChip led to 
identifying the oldest thioredoxin and beta-lactamase proteins (reported from ca. 4 Ga) in samples form the 
hydrothermal environment. The identification of target peptides in both antibodies (anti-thioredoxin and 
anti--lactamase) by epitope mapping and inhibitory immunoassays showed that the two proteins share 
epitopes (Fig. 1). Metagenomic analysis from the El Tatio sinter mound sample confirmed the presence of 
some thioredoxin and β-lactamase encoding genes, primarily assigned to Actinobacteria. The results can 
facilitate the implementation of the LDCHip with new probes to identify common well-conserved molecular 
biomarkes as proof for life detection in early Earth and Mars analogs as well as for future planetary 
exploration missions. (Severino R., et al., 2023).  
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Figure RH2: An immunoanalytical approach for detecting ancestral-like and well evolutively conserved 
peptides in nature. 

 

 

RH3. Microbial Biomarker Profiling with Signs of Life Detector-Life Detector Chip (SOLID-LDChip) During a Mars 
Drilling Simulation Campaign in the Hyperarid Core of the Atacama Desert  

 

The study of extreme environments on Earth as terrestrial analogs of other planetary bodies is essential for 
studying the limits of life and for testing equipment and instrumentation devoted to in situ planetary 
exploration. The Atacama Desert (Chile) is one of the best terrestrial analogs of Mars. Therefore, Mars drilling 
simulation campaign was developed as part of the 2019 NASA Atacama Rover Astrobiology Drilling Studies 
(ARADS) project which aimed was to search for biomolecular evidence of life in the arid core of the Atacama 
Desert. The drilling was conducted using the rover KREX2, equipped with a drill and a robotic arm with a 
scoop, which collected samples down to 80 cm depth and delivered them to three instruments on board, 
particularly to SOLID-LDChip (Signs of Life Detector-Life Detector Chip). SOLID processed and analyzed three 
selected samples with LDChip for searching for molecular biomarkers (Fig. 2). The instrument operated 
remotely and autonomously, sent telemetry data and LDChip results to a science team at CAB. This remote 
operation demonstrated the high maturity of SOLID-LDChip as a powerful tool for remote in situ life detection 
and for future missions in the Solar System.  

The data collected by SOLID-LDChip detected positive signals in all samples that were relatively more 
abundant in the middle layer (40–50 cm), which showed the presence of microbial markers from 
Proteobacteria, Acidobacteria, Bacteroidetes, Actinobacteria, Firmicutes, and Cyanobacteria as well as 
proteins involved in nitrogen metabolism (Fig. 2). These findings indicated a relatively complex microbial 
community with members capable of nitrogen fixation and denitrification, sulfur oxidation and reduction, or 
triggering oxidative stress responses. The findings were corroborated and complemented by a 
comprehensive analysis of the ‘‘returned samples’’ in the lab, which included DNA sequencing, 
metaproteomics, and a metabolic reconstruction of the sampled area (Moreno-Paz et al., 2023).  
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Figure RH3.1: The ARADS 2019 remote Mars drilling simulation campaign in the Atacama Desert. (A) 
SOLID3.1 instrument on the autonomous K-REX2 rover at the Playa area under study. (B) A Google Earth 
image of the Playa area showing the relative position of the Playa area in a schematic topography of the 
field. The color code represents the elevation model from drone imaging of the field area in meters from 
the desert pavement. Three sections were drilled in the Playa area, corresponding to SR sediments (SR1 
and SR2) and DF (3) sediments, all located below a baseline reference in the desert pavement. (C) A cross-
section view of the Playa area showing the relative position of perforations in the three sampling locations 
and the spatial position and proximity between them. Samples were taken at 10 cm intervals to perform 
the immunoprofile with LDChip for holes H1, H1A, H2, H3 and H4 as indicated in Section 2. A subset of five 
samples highlighted in dark brown and labeled with a letter to indicate the depth (b for 10–20 cm, e for 40–
50 cm, h for 70–80 cm) were delivered to the instruments as part of the payload of the K-REX2 rover to 
perform remote analyses of biomarkers and returned to the lab for subsequent analyses. ARADS, Atacama 
Rover Astrobiology Drilling Studies; DF, desert floor; LDChip, Life Detector Chip; SOLID, Signs of Life 
Detector; SR, sulfate-rich. 
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Figure RH3.2: SOLID3.1 remote operation and functional diagram. (A) Schematic process of the FSMI: (1) A 
multianalyte liquid extract is incubated with the antibody microarray (the LDChip); (2) capturing antibodies 
on the microarray specifically bind the target molecules and positive detections are developed with a 
fluorescently labeled mixture of the same printed antibodies (now acting as secondary detecting 
antibodies) that bind the target molecules (epitope) by different positions; (3) After washing out the 
fluorescent antibody solution, fluorescence only remains in those capturing antibody spots that bound 
molecules; (4) A laser beam excites the fluorochromes and a CMOS-based camera takes a pictures that 
shows fluorescent spots; (5) The image is analyzed, and the fluorescence intensity quantified and plotted. 
(B) Functional diagram of SOLID instrument. SOLID consists of two units: The SPU (right) and the SAU (left). 
(1) EC, receives the sample from the robotic arm; (2) buffer reservoir (blue) pumped to the EC; (3) 
sonicator; (4) 10 mm filter; (5) recirculation chamber microarray with five flow cells; (6) buffer supply 
reservoir; (7) labeled antibody reservoir; (8) waste (orange) reservoir separated by a membrane from fresh 
buffer reservoir. The signal readout module consisting of eight diode lasers coupled with two glass cylinders 
illuminate both ends of the slide exciting the labeled antibodies (9); and the fluorescent signal emitted by 
the fluorochromes is captured by a CMOS-based camera (10). Arrows represent the direction of the flowing 
liquid through the flow cells (green) and direction of the residual liquid to the waste reservoir (red). EC, 
extraction cell; FSMI, fluorescence sandwich microarray immunoassay; SAU, sample analysis unit; SPU, 
sample preparation unit. 
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RH4: Assessing siliceous sinter matrices for long-term preservation of lipid biomarkers in opaline sinter 
deposits analogous to Mars in El Tatio (Chile). 

 

Subaerial hydrothermal systems are key for paleobiology and astrobiology, presenting conditions that may 
have supported early life on Earth and potential signs of life on ancient Mars. These systems host sinter 
deposits with high preservation potential, making them ideal for biosignature studies. However, 
understanding long-term taphonomy impacts on these biosignatures remains challenging. This study 
investigates how silicification affects lipid biomarkers, durable cell-membrane components, in hydrothermal 
sinter deposits up to ~3000 years old from El Tatio, a prominent Martian analog on Earth. Comparing fossil 
biomarkers with local biofilm lipids, we assess how silicification influences preservation. Despite geological 
alteration, preserved lipids retained a biologically sourced, depleted stable-carbon isotopic signature, crucial 
for astrobiology. This research estimates lipid degradation rates and preservation timeframes in El Tatio 
sinters. DNA sequencing and metaproteomics, while aiding paleobiology reconstruction, showed DNA and 
protein detection declined significantly beyond 5 cm depth. Lipids were the most resilient biomolecules, 
offering insights into taphonomy in hydrothermal deposits and informing the potential time window for 
detecting past life on Earth and possibly Mars. 

 
 

Figure RH4: Simplified model of preservation/alteration of lipid biomarkers (as n-fatty acids) trapped in silica 
sinter deposits from a hydrothermal stream in El Tatio (Atacama), in which banks silica sinter precipitates at 
a rate of 0.034 to 0.274 mm·yr−1 (Slagter et al., 2019) entombing hydrothermally associated biofilms. Based 
on this sedimentation rate, and a number of assumptions, the model hypothesizes that from 0.24 to 83 % of 
the initial n-fatty acids would have degraded in about 365–2941 years. Assuming a comparable degradation 
rate, sinter accumulation rate, and environmental conditions in the future, we estimate that the complete 
degradation of the remaining fatty acids would occur in 77 years to 1.2 million of years (Ma). 
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RH5: An overview of lipid biomarkers in terrestrial extreme environments with relevance for Mars exploration. 

Lipid molecules are organic compounds crucial to biological cell membranes and are widespread in life on 
Earth, making them valuable biomarkers for life detection. Their ability to form stable membranes under 
extreme conditions allows lipids to serve as universal biomarkers, potentially useful for detecting life beyond 
Earth. Unlike nucleic acids or proteins, lipids retain unique information about their biological sources within 
their durable hydrocarbon structures, preserving this data over geological timescales. This attribute is 
essential in astrobiology, where the ancient geological timespans of planetary bodies require exceptionally 
stable biomarkers. This work reviews studies that use lipid biomarkers to examine paleoenvironmental and 
life-detection aspects in extreme Earth environments—such as hydrothermal, hyperarid, hypersaline, and 
highly acidic settings—that parallel Mars’s past or present conditions. While some compounds could be 
abiotically formed, this review emphasizes biologically derived lipid biomarkers. Together with 
complementary methods like stable carbon isotope analysis, lipid biomarkers offer a powerful means to 
investigate Mars, providing insights into whether life currently exists or once existed on the Red Planet. 

 

 
Figure RH5: Recreation of the lipid biomarker distribution in hydrothermal systems, where characteristic hot 
springs, fumaroles, and active geysers are represented. The upper section illustrates two main types of hot 
spring mounds based on mineralogy: silica sinter (white, erupting geyser) and iron-rich (smaller brown 
mound to the lower right). The lower section focuses on the lipid molecules (right side) and associated 
microbiological sources (left side) found in the hotter (65–100°C) regions of a geyser (vent and hot proximal 
slopes; reddish rectangle) and in the milder (<40–65°C) distal slopes and aprons (pale yellow rectangle).  
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PLANETOLOGY AND HABITABILITY 
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Heads of Department: Olga Prieto Ballesteros and Felipe Gómez Gómez 

 

 

In this department we study the astrobiological aspects of the evolution and characterization of potential 
habitable environments in the Solar System and beyond, geomicrobiology of extreme environments, 
planetary geology and atmospheres or environmental and biogeochemical signatures.  
Members of the department participate actively in the science teams of several planetary exploration 
missions such as NASA´s MSL and Mars 2020 (both in science and operations), ESA’s ExoMars, and JAXA’s 
MMX to martian moons. We have two scientists as members of the Planetary Protection Panel (PPP) of 
COSPAR (SPAce Research Committee), and one in the Mars Sample Return Scientific Management Group 2 
(MSPG-2), an international panel created bya NASA-ESA that defines the plan to maximize the scientific 
return of the first samples to be brought to Earth from Mars by early 2030’s.  
 

Two research groups:  
 

• Planetary Geology and Atmospheres (PGA)  

• Habitability and Extreme Environments (HEE)  
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Planetary Geology and Atmospheres 
 

 
Figure 1. JUICE mission was launched to the Jupiter system in April 14th 2023. Credits ESA. 
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Summary 
 

This group contributes to the objectives O3, O4, O5 and O6 of the Strategic plan by investigating the 
Solar system bodies: 

- Participating in the science exploitation of space missions to Mars (e.g. ExoMars, Trace Gas Orbiter, 
Curiosity, and Perseverance, where a researcher acts as Returned Sample Scientists), its moons (MMX, 
where a group member is PI of RAX instrument), small bodies of the Solar System (DART, Hera), Mercury 
(Bepi-Colombo), and the Ocean Worlds of the Solar System (JUICE). 

- Performing laboratory experiments and field work that resulted to the characterization of potential 
habitable environments of Mars and icy worlds, including the presence of biosignatures and the 
geological context. 

- Modeling geological processes that affect the evolution of planetary environments, such as the 
formation of hydrological features, or impacts by remote sensing data interpretation and computer 
modeling. 

- Advising in international panels such as the COSPAR Planetary Protection Panel and the ESA Expert 
Group for Ocean Worlds.  

The following research highlights exemplify the most relevant investigations and results in the group. 

 

 

 

Research Highlights 2023: 
 

RH1: Concluding NASA- DART mission 

 

Even though no known asteroids are expected to threaten Earth for at least the next hundred years, 
there are still gaps in our catalog of near-Earth asteroids that could cause regional devastation if they 
collide with Earth. Various strategies have been proposed to prevent such an event by deflecting or 
destroying an asteroid projected to collide with Earth. For relatively small asteroids (<100 km diameter), 
the best method is considered to be altering the asteroid’s trajectory through a controlled collision with 
a spacecraft launched for this purpose. A test of this technique was launched in 2021: NASA's Double 
Asteroid Redirection Test (DART). On September 27, 2022, DART executed a controlled head-on collision 
between the 600 kg spacecraft traveling at approximately 6 km/s and the 160-meter-wide asteroid 
Dimorphos, the smaller component in the rubble-pile-type binary asteroid system Didymos. This 
collision shortened Dimorphos’s orbital period by 32 minutes, which was considered a great success. It 
demonstrates that kinetic impact technique can be a viable method for planetary defense, given 
sufficient warning time—ideally several years to decades. During 2023, the CAB researchers participated 
in a number of international publications discussing the results from the DART experiment and related 
studies aiming at characterizing the properties of Dimorphos, as well as conducted experiments in 
support of the forthcoming ESA Hera mission. Hera is a follow-up to DART aiming to in more detail 
analyse the outcome of the DART impact on Dimorphos. 
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RH2: Uncovering DNA in Martian analogue conditions with ultra-low-level sequencing. 

 

The study explores DNA sequencing at extremely low levels (picograms) using nanopore technology to 
detect potential signs of life on Martian analogue regolith and cultivating endolithic microorganisms in 
the absence of liquid water. The team successfully identified DNA in Earth-based microbial samples at 
just 2 picograms without DNA amplification, marking a major improvement in sensitivity over traditional 
methods, which often need higher quantities or amplification steps that can introduce contamination 
and error. Utilizing the MinION sequencer, researchers analyzed Martian soil analogues under varying 
water conditions, confirming microbial growth indicators in low-biomass environments and highlighting 
the impact of moisture on DNA detectability. 

This advancement supports the Mars Sample Return mission's objectives to examine Martian samples 
for life and minimize cross-contamination risks. By proving that DNA can be sequenced accurately with 
minimal input, the findings pave the way for sensitive detection in planetary research and help refine 
protocols for sample contamination control in future space missions. 

 

 

 
 

Figure RH2: Incubation of Martian analogue regolith in the absence of liquid water for DNA extraction. 
Credit: Basapathi Raghavendra, J., Zorzano, MP., Kumaresan, D. et al. DNA sequencing at the picogram 
level to investigate life on Mars and Earth. Sci Rep13, 15277 (2023). https://doi.org/10.1038/s41598-
023-42170-6 
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RH3: The discovery of a possible 5 km impact structure in the Alhabia–Tabernas Basin, SE Spain 

 

The Tabernas–Alhabia Basin is a structural depression situated in the province of Almería, southeastern 
Spain. The basin is filled with Neogene, Pliocene, and Pleistocene sediments resting discordantly on a 
Paleozoic metamorphic basement. During the marine Tortonian sedimentation, a bed of breccia (Gordo 
megabed) was formed. It consists of rotated sedimentary megablocks commonly capped and/or 
surrounded by a polymict breccia composed mainly of up to dm-sized clasts of the crystalline (schist) 
basement. Linked to the formation of the Gordo megabed is a ∼5 km wide, rimmed depression with 
exposed breccias on the northern flank of the Sierra de Gádor Mountain. In the northern sector, this 
crater-like structure opens toward the Gordo megabed of the Tabernas Basin. In the southern sector, 
overturned strata transform outward into a putative ejecta layer. In the interior of the structure, there 
are occurrences of graded breccia and arenite superposed on a blocky, autochthonous breccia indicating 
an aquatic target setting. 

 

 
 

Figure RH3: Outline of the proposed impact structure. The black star indicates the location of the center 
of the structure. Stippled line indicates the extent of visual damage (e.g., Gordo megabed, brecciation). 
Figure modified from Sánchez Gómez et al (2023). 
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RH4: Discovery of new pathways of Fe (III) biomineralization in the surface microlayer of acid mine waters 
catalyzed by neustonic Fe (II)-oxidizing microorganisms 

 

The floating mineral films found in stagnant acidic mine waters represent hotspots of 
biosphere/hydrosphere/atmosphere interactions of great value for the study of iron biogeochemistry in 
redox boundaries. However, many questions about their origin (biotic vs. abiotic), structure, mineralogy, 
physical stability and metal-retention capacity remained unanswered until now. Our study revealed the 
factors promoting their formation and clarified their composition. Fe(III) minerals dominate these 
formations, with mineralogy controlled by pH (jarosite at pH 2.0, schwertmannite at pH 2.5–3.5, 
ferrihydrite at pH > 6.0). Other minerals have also been identified in minor proportions, such as brushite 
or khademite. These mineral formations show an astounding capacity to concentrate many trace metals 
present in the underlying aqueous solutions. These floating mineral films are usually formed in Fe(II)-
rich acidic waters, so their formation necessarily implies the oxidation of Fe(II) to Fe(III) phases. The 
potential involvement of Fe(II)-oxidizing microorganisms was investigated through 16S rRNA gene 
amplicon sequencing. The sequenced reads were dominated by Ferrovum, Acidithiobacillus and 
Leptospirillum, three well-known Fe(II)-oxidizing genera. These microorganisms are major contributors 
to the formation of the ferric mineral films, although other genera most likely also play a role in aspects 
such as Fe(III) sequestration, nucleation or mineral growth.  

 

 
Figure RH4: Mineralized neustonic biofilms formed in highly acidic (pH 2.5) mine waters (Agrio river, 
Huelva) 
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RH5: Finding of the dielectrical properties of cryomagmas of ice moons. 

 

The interpretation of the interior structure of icy moons from radar data requires knowing the dielectric 
properties of the materials. This includes cryogenic fluids that potentially are form the ocean and/or 
reservoirs inside the moons. In addition to salts, volatiles like ammonia or methanol are possible to be 
part of the aqueous systems. We studied the dielectric properties of solutions with ammonia (15 and 30 
wt %) and methanol (15 and 70 wt %) at 1 bar, in a temperature range of 143 to 303 K and in a frequency 
range of 1 to 107 Hz. In this temperature interval different phases of the systems NH3-H2O and CH3OH-
H2O are stable (from aqueous solutions to slurries formed by water ice or hydrated solids plus the liquid 
phase). Every phase assemblage has a particular electrical behavior and, consequently, it is possible to 
approach the contribution of different phases formed in each planetary layer dominated by a 
thermodynamical stability field. Experiments showed the strong effect of volatile concentration to the 
electrical properties values. The tested solutions have values of permittivity, conductivity, and wave 
attenuation sufficiently distinguishable to map the fluid regions and estimate the amount of volatile in 
the aqueous system.  

 

 

Figure RH5: Values of electrical conductivity and electrical permittivity of ammonia-water solution at 
several concentration and temperatures. 
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RH6: The discovery of special mechanisms for the ejecta emplacement from a cosmic impact at sea. 

 

Very few terrestrial impact structures have preserved ejecta blankets. Generally, the strong erosion 
affecting Earth's surface, and the often frail character of the ejected material, hampers their 
preservation. Despite its high age of 458 million years, the Lockne impact structure is a rare exception 
due to a combination of a target with 500 m of seawater, 80 m of limestone, and 30 m of clay resting on 
a flat granitic basement, and rapid burial by subsequent marine sedimentation. The seawater was 
expelled outward, and the expanding crater reached deep into the basement. Limestone surrounding 
the basement crater was blasted off like a carpet. The impact structure obtained a “soup-plate” shape 
with a 7.5 km wide nested crater in the basement surrounded by a 3.5-km wide, shallow “brim”. The 
more difficultly mobilized clay and exposed basement rock of the brim got bombarded by granitic ejecta 
forming a blanket. After less than 2 min, the 2 km high water wall collapsed and water rushed back to 
flood the dry impact crater, leaving only larger ejecta fragments and more consolidated parts of the 
ejecta blanket. This sequence of events only occurs in marine and stratified target settings, such as at 
Lockne. 

 

 
 

Figure RH6: Picture showing the suggested sequence for the formation of the ejecta field along a profile 
across the southern ejecta field of the Lockne impact structure , Sweden. Blue line shows the position 
of the water cavity. Figure modified from Sturkell et al. (2023). 
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RH7: New Analysis Reassess Contamination Risks for Venus Missions 

 

In this study, the CAB researcher and collaborators provide an updated assessment for COSPAR on 
planetary protection requirements for Venus missions, given a surge in planned explorations of the 
planet. The authors conducted an extensive review of Venus's environmental conditions, focusing on 
the clouds, where temperatures are more moderate. However, their findings indicate that these clouds 
are far more hostile to life than previously thought, with extreme acidity and exceptionally low water 
activity—conditions vastly beyond the tolerance of any known terrestrial organisms. 

This updated analysis supports COSPAR's classification of Venus missions as "Category II," which 
suggests only a minimal risk of Earth-based microbes contaminating Venus due to the planet's extreme 
environment. This guidance will support multiple upcoming missions, such as NASA’s VERITAS and ESA’s 
EnVision, by facilitating efficient planning without compromising scientific integrity, paving the way for 
responsible exploration and potentially transformative insights into Venus’s history and atmospheric 
dynamics. 

  
Figure RH7: Representative Venus vertical profile of the temperature (T), water activity (Aw), pressure 
(P) and sulfuric acid concentration in % from 40 to 70 km above the surface. The cloud layer has a 
temperature range below the upper-temperature limit for life on Earth, around 120–130 ◦C, and above 
the lower limit, with buffer, for temperature: -28 ◦C. However, the water activity remains Aw<0.004, 
which is well below the lower limit for life of 0.5. Image credit: Zorzano, María Paz, et al. ‘The COSPAR 
Planetary Protection Requirements for Space Missions to Venus’. Life Sciences in Space Research, vol. 
37, May 2023, pp. 18–24. DOI.org (Crossref), https://doi.org/10.1016/j.lssr.2023.02.001. 
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Extremophiles and Habitability 
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Summary  

 
This group contributes mainly to objective 3, 4 and 5 of our strategic plan, namely, to study the 
habitability of extreme environments on Earth as terrestrial analogues of other planetary settings, as 
well as to study the adaptability of life to extreme physico-chemical parameters. Additionally, this 
group explore the fingerprints that life can leave in the medium and its tight contact with mineral 
world. Members of the group are part of the REMS and MEDA instrument to characterize the Martian 
near ground atmosphere as part of the NASA`s MSL and Mars2020 missions. Over 2023 we have been 
working on the habitability and microbial metabolic traits of the polyextremophilic environment of 
several Earth analogues as Atacama Desert, Río Tinto and the Dallol area in Ethiopia, as well as daily 
participation in the REMS and MEDA operations and scientific discussions. The following research 
highlights exemplify the most relevant investigations and results in the group. 
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Research Highlights 2023 

 
RH1: The identification of sensitivity limits of biosignature-detection instruments landed on Mars 

 

 

 

We found that current Mars mission instruments lack the essential sensitivity to identify life traces in 
Chilean desert samples that strongly resemble the martian area currently under study by NASA’s 
Perseverance rover. If the biosignatures can’t be detected in Earth samples, where both current and 
ancient life is clearly documented, we should not expect these instruments to be capable of detecting 
evidence of life from Mars’ early history. 

 

Figure RH1: The image on the left is the Red Stone Jurassic fossil delta of the Atacama Desert in 
northwestern Chile, a popular geological analog for Mars; the image on the right is of the Jezero 
Crater, on the surface of Mars.  
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RH2: The proposal and testing of the concept of “astrobiological time-analogs” 

 

We have described the evolution of the microbial communities during desiccation of the Tirez 
endorheic hypersaline lagoon, proposing the concept of “astrobiological time-analogs”, referred to 
terrestrial analogs that can help understand environmental transitions and the related possible 
ecological successions on early Mars. 

 

 

Figure RH2: Fieldwork and sampling in Tirez lagoon, central Spain, when the lagoon was still active 
(left) and after drought and desiccation, with only salt crusts remaining (right).

 

 

RH3: The identification of a metabolic pathway by which microorganisms can inhabit cold salty solutions 

We have documented the survival of Rhodococcus sp. JG-3 in LB medium with up to 8 wt% magnesium 
perchlorate and down to −16 °C, idenƟfying how the bacterium modulates the cell membrane permeability 
by changing the composition of fatty acids (FAs). 

 

 

 

Figure RH3: Rhodococcus sp. JG-3 growth curves measured by optical density (600 nm) in (A) 0.5x LB 
medium, (B) 0.5x LB + 8% Mg(ClO4)2, and (C) 0.5x LB + 16% Mg(ClO4)2, at 20°C, 4°C, −10°C and −16°C.  
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RH4: The first discovery of subaerial microbialites in the Coastal Range of the Atacama Desert 
 
In this report we characterized the biofilms that covered a unique cliff of the Coastal Range of the Atacama, 
showing that these are in fact the first discovery of subaerial microbialites on Earth. From these microbialites 
we isolated Hortae werneckii, a fungal species which by producing melanin, not only explains the dark color of 
these microbialites, but may also play the role of protecting the whole community from extreme UV radiation. 
A number of biosignatures not only confirmed sea spray as the main source of water, but also suggests that 
one place to consider for the search of evidences of life on Mars would be on the paleo-coastlines that 
surrounded vanished oceans such as that on Aeolis Dorsa. 
 

 
 
Figure RH4: Close up of the colonized sections of La Portada cliffs. (A) A view of a portion of the colonized 
section while sensors were being embedded. (B) A closer view of the colonized section. (C–D) Show details of 
the finger-like structures common in the colonized sections of the cliffs. 
 
 
 
RH5: The discovery of living fossils in the continental slope of the Atacama Desert 
 
Funded by the Schmidt Ocean Institute, in a successful oceanographic expedition that took place up to 4500m 
of depth below the Pacific Ocean in front of northern Chile, we proved our hypothesis that it contains very 
ancient deep-sea ecosystems, containing many species of living fossils. Although the study of the samples 
taken has just started, we are getting very interesting results on the type of macro and microorganisms that 
are able to live in such environment. 
 
 

 
 
Figure RH5: A few of the animals discovered in the continental slope in front of the Atacama Desert. 
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RH6: In situ measurement and sampling of acidic alteration products at Río Tinto in support of the scientific activity 
of the Ma_MISS instrument 
 
We describe the procedures and results of a geological field analysis campaign in the Río Tinto area. 
This geologically/biologically well-documented site with its rock/water/biology interaction represents 
an ideal open-air laboratory where to collect spectral data and samples useful for testing space 
instruments. During the field campaign, we collected a large set of VIS-NIR (0.35 – 2.5 μm) 
measurements using the ASD FieldSpec4 portable spectrometer both on biosignature-bearing rocks 
and on alteration hydrated products (sulfates, clays, oxides, etc.). Furthermore, as a comparison to 
the data collected in the field, we report the results of the micro-Raman analyses carried out in the 
laboratory on the collected mineral/rock samples. This work was conducted in the framework of the 
Mars Multispectral Imager for Subsurface Studies (Ma_MISS) instrument that is a miniaturized visible 
and near-infrared (VIS-NIR) spectrometer (0.5 – 2.3 μm) devoted to the Martian subsurface 
exploration and integrated into the drilling system of the ESA Rosalind Franklin rover mission. 
Ma_MISS will acquire spectral data on the Martian subsurface from the excavated borehole wall. The 
scientific results obtained by this campaign confirm that the Río Tinto site is important for enriching 
the scientific community's grasp on the Martian environment and for obtaining key information on 
the mineralogical and geochemical evolution of the Martian surface/subsurface. In addition, this work 
provides crucial preparation for the exploitation and interpretation of the scientific data that the 
Ma_MISS instrument will supply during the active phase of the mission. This activity is also useful for 
defining the priorities of the astrobiological objectives on the ground. 
 
 
 
 
 
 
 
 
 
 
 
The ravine of fools: a) the freshwater stream and yellow efflorescences at the shoreline are iron-bearin 
 
 
 
 
 
 
 
 
 
 
 
Figure RH6.1: a) sulfates; b) the exposed wall of the fluvial terrace, letters indicate the six different lithotypes 
and the blue spots the positions of all the collected spectral measurements; c) All the 37 acquired spectra 
stacked in the order of acquisitions, the colors indicate the different lithotypes. 
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Figure RH6.2: a) VIS-NIR average spectra of every single lithotype; b) collected spectra in the range 350-1150 
nm, the grey and the orange bands highlight the Charge Transfer Absorption (CTA) and the Cristal Field 
Absorption (CFA) respectively; c) 2100-2300 nm range, the vertical lines mark the position of the absorption 
of the layers B and D. 

 

 

 
RH7: Shotgun Metagenomics-Guided Prediction Reveals the Metal Tolerance and Antibiotic Resistance of 
Microbes in Poly-Extreme Environments in the Danakil Depression, Afar Region 
 
The occurrence and spread of antibiotic resistance genes (ARGs) in environmental microorganisms, particularly 
in poly-extremophilic bacteria, remain underexplored and have received limited attention. This study aims to 
investigate the prevalence of ARGs and metal resistance genes (MRGs) in shotgun metagenome sequences 
obtained from water and salt crust samples collected from Lake Afdera and the Assale salt plain in the Danakil 
Depression, northern Ethiopia. Potential ARGs were characterized by the comprehensive antibiotic research 
database (CARD), while MRGs were identified by using BacMetScan V.1.0. A total of 81 ARGs and 39 MRGs 
were identified at the sampling sites. We found a copA resistance gene for copper and the  -lactam encoding 
resistance genes were the most abundant the MRG and ARG in the study area. The abundance of MRGs is 
positively correlated with mercury (Hg) concentration, highlighting the importance of Hg in the selection of 
MRGs. Significant correlations also exist between heavy metals, Zn and Cd, and ARGs, which suggests that 
MRGs and ARGs can be co-selected in the environment contaminated by heavy metals. A network analysis 
revealed that MRGs formed a complex network with ARGs, primarily associated with  -lactams, 
aminoglycosides, and tetracyclines. This suggests potential co-selection mechanisms, posing concerns for both 
public health and ecological balance. 
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Figure RH7: The abundance of antibiotic resistance genes (ARGs) in Lake Afdera and the Assale salt plain 
predicted using CARD, and a resistant gene classification was conducted based on the Clusters 
of Orthologous Genes (COG) classification. 
 
 
 
 
RH8: Samples Collected from the Floor of Jezero Crater with the Mars 2020 Perseverance Rover 
 
The collection of samples from Mars for future return to Earth has been a high priority of the international 
planetary science community for decades. Here we describe the first samples collected by the Perseverance 
rover within Jezero crater, Mars. The sampled rocks represent the 
diversity of units exposed across the crater floor, from the oldest outcrops that comprise the Seitah formation 
to the potentially youngest rocks of the Maaz formation that spreads across much of the crater floor and 
includes heavily cratered terrains. Surface investigations using cameras and analytical instruments reveal 
landscape-to-microscopic morphological, textural, mineralogical, and geochemical evidence for igneous 
lithologies, some possibly emplaced as lava flows. The rocks contain recognizable major rock forming igneous 
minerals such as pyroxene, olivine, and feldspar, accessory minerals including oxides and phosphates, and also 
exhibit evidence for various degrees of aqueous alteration in the form of water soluble-salts, carbonate 
minerals, and iron silicates. The compositions and ages of these variably altered igneous rocks determined 
after sample return are expected to reveal the geophysical and geochemical nature of the planet’s interior at 
the time of emplacement, characterize martian magmatism, and place timing constraints on geologic 
processes, both in Jezero crater and more widely on Mars. Petrographic observations and geochemical 
analyses coupled with geochronology of secondary minerals can also reveal the timing of aqueous activity as 
well as constrain the chemical and physical conditions dominating in the environments in which these minerals 
precipitated and the nature of any organic compounds preserved in association with these phases. Returned 
samples from these units will be indispensable for determining the crater chronology of Mars and global 
evolution of the planet’s interior, for understanding the processes that formed Jezero floor units and 
constraining the duration of aqueous activity in Jezero crater, past habitability, and organic cycling. 
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Figure RH8: Crater Floor Science Campaign area explored by the Perseverance rover: (a) Inset shows western 
edge of Jezero Crater, location of Three Forks sample depot, and explored region in yellow box. (b) High 
Resolution Imaging Science Experiment image shows the location of outcrop sample targets and rover path. 
Octavia E. Butler landing site, first witness sample location, and prominent crater floor features are labeled. 
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Head of Department:  Eduardo Sebastián Martínez 

 

The Advanced Instrumentation Department devotes its research activity to the development of space 
instrumentation technologies for planetary and astrophysical exploration, as well as to the development of 
simulation chambers for planetary environments. All technological developments results from a multi and 
transdisciplinary relationship between the members of the Instrumentation Department and the rest of the 
Center's scientists. The Department has different infrastructures for planetary simulation, and to scientifically 
and technologically support the researchers of the group.  

 
The Advanced Instrumentation Department is organized into one Research Group: 

 Space Instrumentation 

 

 
 

Figure: Cover of Nature Geoscience journal with images from MEDA's SkyCam camera, on the occasion of the 
publication of the article The diverse meteorology of Jezero crater over the first 250 sols of Perseverance on 
Mars by the MEDA team. 
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Space Instrumentation 
 
Group coordinator: José Antonio Rodríguez Manfredi 

 

 

Senior Researchers: 

Eduardo Sebastián Martínez  

Jesus Manuel Sobrado Vallecillo 

Alicia Gómez Gutiérrez 

 

Posdoctorals: 

Alvaro de Vicente Retortillo Rubalcaba 

Daniel Viudez Moreiras  

Jorge Pla García  

Alejandro Pascual 

Víctor Rollano 

Enrique Villa Benito 

 

Technical staff: 

Alain Lepinette Malvitte 

Javier Martin Soler  

Julio José Romeral Planelló  

Luis Mora Sotomayor 

María de las Mercedes Marín Jiménez 

Maria Rosario Urqui O’callaghan (Colaborador 
externo ISDEFE) 

Sara Navarro López  

Silvia Giménez Torregrosa 

Sofía Zurita Zurita 

Verónica Peinado González 

María Teresa Magaz Pérez 

 

Lab. Technicians: 

Ricardo Ferrandiz Guibelalde 

 

Predoctorals: 

Carolina Martín Rubio  

Catalina Romero Guzmán  

María Ruiz Pérez 

David Rodríguez Rodríguez 

Marina Calero de Ory  

 

Students (Master, TFG, others):  

Eloísa Sintes Rodríguez  

Emilio Fernández Rivero  

Juan Jusdado Serrano  

Diego García Cardeña  

José Vicente Moreno Manuel  

Alejandro Villar  

Sergio Turrado 

 

 

Summary  
 

Experimentation and simulation play a fundamental role in the accomplishment of objectives of the Centro 
de Astrobiología. In many cases, experiments are carried out in the laboratory, in others during field 
campaigns by studying natural processes, and in other cases in space, either by remote observation or by in 
situ analysis and measurements on the surface of planetary bodies. This group covers all the technological 
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aspects of these developments, from the conception of prototypes and instruments, the design and 
supervision of the industry specialized in the manufacture of flight models, to the execution of testing 
campaigns for the validation and maturation of the instrumentation and technologies, either in simulation 
chambers or in representative environments (the so-called terrestrial analogs). Also, in the scientific field, it 
carries out the exploitation of the data, through analysis, hypothetization, modeling, and validation of results, 
as far as the study of the environment of other planets is concerned. 

The group thus contributes to objectives Ob3.2, Ob3.5, Ob4.2, Ob6.3, Ob6.5, and Ob6.6 of the Center 
Strategic Plan by studying the habitability of subsurface of other planetary environments and the effect of 
extreme physicochemical parameters in the laboratory. It also addresses the understanding of past and 
present Martian habitability through the dynamics of the Martian atmosphere. The group is also leading the 
development of environmental sensors for in-situ planetary atmospheric characterization and habitability 
assessment and is contributing to the definition of the future ESA and NASA missions with Astrobiological 
objectives, including environmental sensors. Finally, the group is working on the development of state-of-
the-art superconducting detectors for astronomical and quantum applications. 

 

Research Highlights 2023: 
 

RH1: Operation of REMS and MEDA instruments and development of new instrumentation for the study of 
planetary atmospheres. 

 

In the year 2023, the Space Instrumentation group led the operation of two space instruments dedicated to 
the environmental characterization of the Martian atmosphere and the study of the physical properties of 
its dust: REMS (Rover Environmental Monitoring Station) for NASA’s Curiosity rover  and MEDA (Mars 
Environmental Dynamics Analyzer) for NASA’s Perseverance rover.  

These instruments have contributed to consolidating Spain as an international reference in the field of 
Martian atmospheric characterization. They have combined advances in the frontier of scientific and 
technological knowledge within our country, uniting and harmonizing a significant part of the scientific and 
technological community interested in the Martian atmosphere, in a transversal way to different NASA 
missions.  
 
In these projects, the group at CAB collaborates with national and international partners as the 
Departamento de Cargas Útiles at the Instituto Nacional de Técnica Aeroespacial, CRISA Airbus Defense and 
Space, AVS Added Value Solutions, ALTER Technology, the University of the Basque Country, the Polytechnic 
University of Catalonia, the Rocasolano Physics-Chemistry Institute (CSIC) and the University of Alcalá, as well 
as the Finnish Meteorological Institute, the Jet Propulsion Laboratory, the Lunar and Planetary Institute, 
Aeolis Research, the Space Science Institute, NASA Goddard Space Flight Center, Carnegie Institution, and 
the John Hopkins APL as international partners. 

The MEDA environmental station landed at Jezero crater on 18 February 2021. It was conceived as a suit of 
sensors that record: relative humidity (Relative Humidity Sensor - HS), air temperature (Air Temperature 
Sensor - ATS), net balance of IR radiation (Thermal IR Sensor - TIRS), speed and direction of the Martian wind 
(Wind Sensors - WS), radiation and properties of the suspended aerosols (Radiation and Dust Sensor - RDS), 
and atmospheric pressure (Pressure Sensor - PS).  
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Figure RH1.1: MEDA WS detail photograph taken by rover Right Navigation Camera (Navcam) during Martian 
operations, image taken on Dec. 12, 2023, the 999th Martian day of the mission. 

 

Throughout 2023, as part of the mission’s phase E activities, both the engineering and the scientific teams of 
the project have led the instrument operation tasks, in close collaboration with NASA and JPL personnel, and 
the rest of the mission. This activity enables the retrieval of scientific data from the surface of Mars.  MEDA 
has been running every day of the year except for 22 days. This implies that more than 16 million 
measurements were made, equivalent to 12 Martian hours of measurement per day, and 1023 images have 
been taken with SkyCam. Throughout the year, the instrument has been operated 5 days a week, and 
scientific data have been delivered to the PDS (Planetary Data System) on three occasions, making them 
available to the international scientific community. 

 

 

 

 

 

 

 

 

 

 

Figure RH1.2: MEDA scientific acquisitions per Martian day (called sol). 
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In addition to instrument operations, a set of tasks of a more technological nature have been carried out: 
New WS’s calibration campaigns, to adapt to operational circumstances in which some sensor elements are 
degraded. The analysis and interpretation of TIRS’s in-flight calibration sequences to estimate the 
degradation associated with dust deposition on the detectors and the drift of electronic conditioning 
systems. During this period, the team has also continued to study the daily variation of the amount of dust 
in suspension in the atmospheric column above the rover, as well as to monitor the processes of dust 
deposition and dust cleaning on the rover; obtained the first results of the local interaction of topography 
and temperature; study of Mars halos and clouds; comparison of sensor data with orbital observations; and 
the detailed study of alternative approaches for wind retrieval, given the damage caused by the local storms 
we have suffered throughout the observation period, to mention a few lines of work. 

Also, the team worked on the update of tools and procedures in the ground segment software and flight 
software of the Instrument Control Unit (ICU) to introduce new performances and to implement new 
operating strategies, such as the data download in parallel with scientific acquisitions, and the latest 
operation method of Mars2020 called Simple Planner. 

The environmental station REMS has been operating on the surface of Mars, since August 2012, collecting 
data on pressure, air and ground temperatures, wind speed and direction, atmospheric relative humidity, 
and incident ultraviolet radiation. Throughout the year 2023, the instrument has been running every day of 
the year except for 4 days, collecting more than 10.6 million readings from each of the sensors, which is 
equivalent to 8 Martian hours of measurement per sol. It has been operated 2 days a week, and scientific 
data have been delivered to the PDS (Planetary Data System) on three occasions. 

 

  

 
Figure RH1.3: REMS scientific acquisitions per sol. 

 

 

In addition to the daily operation of REMS, the group participated in the analysis of the scientific data 
obtained by the instrument, also contributing to the discussions and scientific meetings, particularly the MSL 
Science Team Meeting celebrated in Toulouse in October 2023, bring together the national and international 
members of the REMS team. 
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Figure RH1.4: REMS UV detail photographs taken by Mars Hand Lens Imager (MAHLI) during Martian 
operations, (left) Sep. 27th, 2023 the 3960th Martian day of the mission (right) Dic. 7th, 2023 the 4030th 
Martian day of the mission. 

 

 

The group also worked in 2023 on the design of a new instrument called WAISR (Wind and Air density 
Instrument for Sample Return) for NASA’s MSR (Mars Sample Return) mission. WAISR is a new meteorological 
station, an evolution of the previous ones, and consists of an atmospheric pressure sensor (Pressure Sensor 
- PS), a contact atmospheric temperature sensor (Atmosphere Temperature Sensor - ATS), a small infrared 
radiometer for measuring atmospheric temperature at a distance (InfraRed Atmosphere Temperature Sensor 
- IRATS), and four spherical sensors for 3D wind speed and direction measurement (spherical Wind Sensor – 
sph-WS). WAIRS is based on MEDA developments, except for the WS, whose mechanical and geometric 
design is new to increase its reliability and robustness during operation on Mars. 

                 
Figure RH1.4: Preliminary 3D designs for the WAISR Instrument Accommodation Review (IAR). (top-left) 
WAISR logo, (bottom-left) IRATS, and (right) WAISR WS and ATS.  
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For this new instrument, the CAB collaborates with national and international partners as the CRISA Airbus 
Defense and Space, AVS Added Value Solutions, the Polytechnic University of Catalonia, the Finnish 
Meteorological Institute (FMI), Instituto de Microelectrónica de Sevilla (IMSE-CNM), Instituto Universitario 
de Microgravedad "Ignacio Da Riva" from of the Polytechnic University of Madrid (IDR/UPM). 

The main objective of WAISR in the context of the MSR mission is to provide information on atmospheric 
conditions, to support the flight and operation of the helicopters that are part of the lander of the mission. 
More specifically, the aim is to obtain, through onboard processing, the instantaneous values of atmospheric 
density, wind direction and speed in the range between 2 and 10 m above the surface. 

Throughout 2023, the group's activities have focused on increasing the Technology Readiness Level (TRL) of 
the WS, as well as on the technical specification, preliminary design, and accommodation of the new station 
on the lander. On July 19th-20th, the Instrument Accommodation Review (IAR) held a CAB together with NASA-
JPL, the formal review for the study of accommodation.  

 

RH2: Study and modeling of Martian atmospheric dynamics and its main constituents. 

 

In addition to the highlights mentioned above, the group was actively involved in the scientific exploitation 
of the data. REMS and MEDA instruments were collecting scientific data at Gale and Jezero craters 
respectively, characterizing the physical processes in the lowest layer of the Martian atmosphere.  

These are some of the most relevant results published during the year 2023: 

 

The diverse meteorology of Jezero crater over the first 250 sols of Perseverance on Mars 

This article, published in the journal Nature Geoscience, presents a general summary of MEDA’s 
measurements, revealing spatially and temporally variable meteorology at Jezero and its rich diversity of 
behaviors. Many of the measurements are the first time they have been obtained on Mars, revealing 
interesting surprises in Jezero’s atmosphere. 

 

The Surface Energy Budget (SEB) was measured for the first time in situ. The design of future engineering 
systems, the understanding and modeling of photochemical reactions at the surface, and the interpretation 
of satellite measurements benefit from these results. Another important result is the characterization of the 
non-Lambertian reflection of the surface that must be considered in the interpretation of orbital observations 
of variations in albedo when trying to understand changes in the physical properties of the surface.  

 

Globally, the measured daily temperature cycle agrees with model predictions (although with some 
deviations in the vertical temperature gradient), the expected magnitude of thermal oscillations, and the 
seasonal evolution. In addition, the observed vortex convective activity matches the predictions of large eddy 
simulation models. Vertical temperature profiles show a diversity of nocturnal responses that raise intriguing 
questions about what is happening at the different locations traversed by the rover. The transition from a 
stable night-time thermal inversion to a daytime, highly turbulent convective regime, with large vertical 
thermal gradients.  

 

Measurement of multiple daily optical depths suggests aerosol concentrations are higher in the morning than 
in the afternoon. Measured wind patterns are driven mainly by local topography, with a small contribution 
from regional winds. Daily and seasonal variability of relative humidity shows a complex hydrologic cycle. 
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These observations suggest that changes in some local surface properties, such as surface albedo and thermal 
inertia, play an influential role. On a larger scale, surface pressure measurements show typical signatures of 
gravity waves and baroclinic eddies in a part of the seasonal cycle previously characterized as low wave 
activity.  

 

 
Figure RH2.1:  Surface Energy Budget components measured by MEDA at Jezero for different sols.  

 

Nocturnal Turbulence at Jezero Crater as Determined From MEDA Measurements and Modeling 

 

In this article, published in the Journal of Geophysical Research: Planets, it is stated that continuous high-
frequency atmospheric measurements by Mars 2020 Environmental Dynamics Analyzer (MEDA) sensors are 
key to unveiling the properties of Martian nighttime turbulence and provide valuable data for testing and 
refining the physics encapsulated within atmospheric models. Similarly, modeling efforts with the Mars 
Regional Atmospheric Modeling System (MRAMS) and the Mars Climate Database (MCD) enable the study 
of the seasonal evolution and variability of nocturnal atmospheric turbulence at the Jezero crater.  

Nighttime conditions in Mars's Planetary Boundary Layer are highly stable because of strong radiative cooling 
that efficiently inhibits convection. However, MEDA nighttime observations of simultaneous rapid 
fluctuations in horizontal wind speed and air temperatures suggest the development of nighttime turbulence 
in Jezero crater. MRAMS results are in good agreement with MEDA observations, and this agreement 
provides justification for utilizing the model results to investigate the origin of the nocturnal turbulence 
environment of the Jezero crater region and the mechanisms at play.  The model suggests that nighttime 
turbulence at Jezero crater is explained by increasingly strong wind shear produced by the development of 
an atmospheric bore-like disturbance at the nocturnal inversion interface. 
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Figure RH2.2: Time series measured by MEDA at Jezero of atmospheric temperatures at the three height 
levels (MEDA ATS and TIRS), along with simultaneous turbulent kinetic energy derived from wind speed and 
direction (MEDA WS). 

 

Dust Lifting Through Surface Albedo Changes at Jezero Crater, Mars 

In this article, published in the Journal of Geophysical Research: Planets, temporal variations in surface 
albedo using MEDA sensors data are analyzed. Small particles at the surface of Mars are lifted and 
transported through interactions with the atmosphere, modifying the fraction of solar radiation reflected by 
the surface (albedo). MEDA measurements allow for unambiguous attribution of the dust lifting (dust 
removal) mechanisms inducing the albedo changes. These albedo changes are induced by dusty convective 
vortices and by a dust storm that affects the rover. The detected changes outside the dust storm period are 
attributed to dust devils, suggesting this mechanism is more frequent than gust lifting.  The darkening of the 
surface induced by the storm is around 10 times larger than that caused in the absence of a storm by dust 
devils.  

Only a fraction of the dust devils cause an albedo change, depending on their intensity, size, and trajectory, 
and on the features of the small particles at the surface. Dust devils inducing albedo changes typically show 
a transient drop in surface temperature, which is indicative of the lifting and transport of small particles. 
Hence, high-frequency surface temperature measurements allow for the detection of local aeolian processes 
when terrain features mask their effect on albedo. Mastcam-Z images support changes in the surface inferred 
by TIRS data during the dust storm. 

The combined analysis of environmental variables, images, and microphone recordings acquired by the Mars 
2020 mission improve the understanding of the processes involved in the lifting and transport of small 
particles. 
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Figure RH2.3: (a) Change in surface albedo at 13:00 LMST (dark orange) and dust opacity around noon (gray) 
between sols 287 and 328. (b, c) Images of the Thermal and Infrared Sensor field of view before (b) and after 
(c) the dust storm. 

 

 

RH3: Developing superconducting resonators for space and quantum applications 

 

The Space Instrumentation group is also focused on developing superconducting circuits, a state-of-the-art 
enabling technology with applications that expands from the astronomical field towards its use for quantum 
processing and sensing, biology or security applications. Specifically, our research relays on two pillars: i) the 
design and fabrication of cutting-edge superconducting detectors for astronomical instrumentation, and ii) 
the development of superconducting circuits for quantum applications. 

Regarding the first, we coordinate the Spanish Network for the developments of Kinetic Inductance Detectors 
(KIDs) for different applications. Among them, we are specially focused on the demonstration of a large-
format camera with polarization sensitivity in the W-band suitable for future studies of the CMB. In this 
context, we participate in European Consortiums such as the NIKA2 and CONCERTO instruments, led by I. 
Néel in France for the increase of the TRL of the KIDs technologies. Moreover, we lead the Spanish consortium 
CADEx focused on the search of dark matter within the W-band using cryogenic haloscopes and ultrasensitive 
superconducting KID detectors.  

Additionally, high-quality superconducting circuits are the ideal on-chip platform to operate, sense and 
characterize different quantum systems. Particularly, the CAB team is developing on-chip innovative 
superconducting circuits capable of coupling to small spin ensembles, aiming for the development of a 
functional molecular spin quantum processor unit. For this purpose, we are part of the Spanish CSIC Quatum 
Platform and the European FATMOLs FET-OPEN project, among others. 
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Figure RH3: Left: Large format array of Ti-Al based Kinetic Inductance Detectors mounted on dilution 
cryostat for its characterization. Center: Cryogenic frequency sweep for superconducting resonators 
characterization. Each dip corresponds to each resonator coupled to the tested transmission line. Right: 
NbTiN Low Impedance Lumped Element Resonator for its coupling to nuclear transitions of Yb-Trensal 
microcrystals (shown in a SEM image as instet). 

 

 

RH4: Mimicking Planetary Subsoil in the Laboratory 

 

Is it possible the emergence or survival of biological material under an ice layer within a Mars environment? 
The BGR (Biological Geological Reactor) makes the simulation possible. We have recreated the conditions for 
maintaining a sample with a minimum of hydration and protection from solar radiation. Under a layer of ice, 
the cavities have the habitable conditions necessary to maintain a biological mat, such as cyanobacteria, for 
longer periods in an extreme environment like Mars. The BGR simulates the frozen subsoil of the red planet. 

In 2023, we realized the commissioning of the technology inside the MARTE vacuum chamber and prepared 
the system for the experiment with biological samples. 

 

 
Figure RH4: The Biological Geological Reactor inside the MARTE vacuum chamber is the device that 
simulates the subsoil under ice film. 
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PhD Theses: 

Name Title Director(s) University Date Department 
Alicia 
Rodríguez-
Moreno 

Adaptación de 
bacteriófagos a 
condiciones extremas de 
interés astrobiológico 
 

Ester Lázaro Universidad 
Autónoma de 

Madrid 

Ongoing Evolución 
Molecular 

Alberto Álvarez 
Saavedra 

Scientific Exploitation of 
Kepler, TESS and K2: Ages, 
Rotation and Binarity 

David Barrado 
Navascués y 
María Morales  
Calderón 

Universidad 
Complutense de 

Madrid 

Ongoing Astrofísica 

Álvaro López 
Gallifa 

Estudio comparativo de la 
complejidad química en 
regiones de formación 
estelar y objetos del 
sistema solar. 
 

Víctor M. Rivilla Universidad 
Complutense de 

Madrid 

Ongoing Astrofísica 

Amadeo Castro 
González 

Exploración de exoplanetas 
en el contexto de la misión 
PLATO: de la detección al 
estudio de poblaciones 

Jorge Lillo Box 
David Barrado 
Navascués 

Universidad 
Complutense de 

Madrid 

Ongoing Astrofísica 

Andrés Megías 
Toledano 

The origin of the Complex 
Organic Material in 
Prestellar Cores 
 

I. Jiménez-Serra Universidad 
Complutense de 

Madrid 

Ongoing Astrofísica 

Antonio López-
García  

Prebiotic chemistry: 
Increasing molecular 
complexity in aqueous 
media 
 

Marta Ruiz-
Bermejo 

Universidad 
Autónoma de 

Madrid 

Ongoing Evolución 
Molecular 

Antonio 
Martínez-
Henares 

Characterization of the 
innermost regions around 
massive protostars 
 

I. Jiménez-Serra Universidad 
Autónoma de 

Madrid 

Ongoing Astrofísica 

Carlos del 
Burgo 

Formation of COMs in 
interstellar ice analogs  

H. Carrascosa, G. 
M. Muñoz Caro 

Universidad 
Complutense de 

Madrid 
 

Ongoing Astrofísica 

Carlos 
Cifuentes San 
Román 

Astrophysical parameters 
of M dwarfs with 
exoplanets 

José Antonio 
Caballero 
Hernández 
Jorge Sanz 
Forcada 

Universidad 
Complutense de 

Madrid 

24/03/2023 Astrofísica 

Carlota Prieto 
Jiménez  

Nature of star-forming 
galaxies and quasars at the 
Epoch of Reionization with 
JWST 
 

Javier Álvarez 
Márquez y 
Michele Perna 

Universidad 
Complutense de 

Madrid 

ongoing 
(1st year) 

Astrofísica 

Carmen Blanco 
Prieto 

Reionization and 
ISM/stellar Origins with 
JWST and ALMA 
 

Javier Álvarez 
Márquez 

Universidad 
Complutense de 

Madrid 

ongoing 
(1st year) 

Astrofísica 
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Carolina Martín 
Rubio 

Caracterización de la 
atmósfera de Marte a 
partir de datos satelitales y 
en superficie 

José Antonio 
Rodríguez 
Manfredi, Felipe 
Gómez Gómez, 
Álvaro de Vicente 
Retortillo 
 

Universidad 
Complutense de 

Madrid 
 

Ongoing Instrumenta
ción 

avanzada 
 

Catalina 
Romero 
Guzmán 

Thermal analysis of space 
systems in Martian 
conditions 

José Antonio 
Rodríguez 
Manfredi e Isabel 
Pérez Grande 
 

Universidad 
Politécnica de 

Madrid 
 

Ongoing Instrumenta
ción 

avanzada 

Cristina Pérez 
Fernández 

Reactividad de polímeros 
de HCN en superficies: 
Química prebiótica. 
 

Eva Mateo-Marti 
and Marta Ruiz-
Bermejo 

Universidad 
Autónoma de 

Madrid 

Ongoing Evolución 
Molecular 

David 
Rodríguez 
Rodríguez 
 

Integration of 
superconducting circuits 
and magnetic molecules for 
quantum technologies 
 

Alicia Gómez and 
Fernando Luis 

Universidad 
Autónoma de 

Madrid 

Ongoing Instrumenta
ción 

avanzada 

David San 
Andrés 

Molecular precursors of 
the RNA world in the 
interstellar medium 
 

Víctor M. Rivilla / 
Laura Colzi 

Universidad 
Complutense de 

Madrid 

Ongoing Astrofísica 

Diego Cuenda 
Muñoz 

Analisis estadísticos de 
datos astronómicos ligados 
a la determinación de 
edades estelares a partir de 
obervaciones de PLATO y 
otros instrumentos 

David Barrado 
Navascués 

Universidad 
Complutense de 

Madrid 

Ongoing Astrofísica 

Eduardo Alonso 
Pintado 

 Víctor Parro 
García and 
Mercedes 
Moreno Paz 
 

Universidad de 
Alcalá de 
Henares 

Ongoing Evolución 
molecular 

Eva Herrero 
Cisneros 

Atmospheres of ultra-hot 
and hot massive planets 

María Rosa 
Zapatero Osorio 
Jorge Sanz 
Forcada 

Universidad 
Complutense de 

Madrid 

Ongoing Astrofísica 

Felipe Ruymán 
Alonso Ravelo  

“Production of extracellular 
vesicles containing DNA by 
the hyperhalophilic 
archaeon Haloquadratum 
walsbyi and study of their 
role in horizontal gene 
transfer”. 
 

José Eduardo 
González-Pastor 

Universidad 
Autónoma de 

Madrid 

Ongoing Molecular 
Evolución 

Francisco José 
Galindo Guil 

A study of open clusters of 
different evolutionary ages 

David Barrado 
Navascués 

Universidad 
Autónoma de 

Madrid 

Ongoing Astrofísica 

Gema Martínez 
Esteve 

Algorithm and fitting 
techniques from CFD 
simulations for the wind 
measurements of MEDA on 
NASA's Mars 2020 mission 
 

Josefina Torres 
Redondo 

Universidad de 
Alcalá de Henares 

 

Ongoing Instrumenta
ción 

avanzada 
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Gonzalo José 
Carracedo 
Carballal 

Desarrollo e 
implementación del 
modelo de apuntado de 
ELT-HARMONI y estudios 
científicos asociados 
 

Javier Piqueras 
López and 
Miguel Pereira 
Santaella 

Universidad 
Complutense de 

Madrid 

ongoing 
(3rd year) 

Astrofísica 

Jaime Alonso-
Hernández 

Binariedad en estrellas 
AGBs: impacto en la física, 
química y evolución 
nebular 
 

C. Sánchez 
Contreras, J. Sanz-
Forcada 

Universidad 
Autónoma de 

Madrid 

Ongoing Astrofísica 

Javier González 
Payo 

Multiplicity of wide stellar 
systems, ultracool dwarfs 
and subdwarfs, and 
planetary hosts 
 

Miriam Cortés y 
José Antonio 
Caballero 

Universidad 
Complutense de 

Madrid 
 

Ongoing Astrofísica 

Jesús Javier Rey 
Samper 

Biogeochemical control in 
the formation and 
Evolución of key ore 
deposits. 
 

A. Aguilera 
F. Tornos 

Universidad 
Complutense de 

Madrid 

Ongoing Molecular 
Evolución 

John Fabio 
Aguilar Sánchez 

Caracterización 
fotométrica de estrellas de 
tipo F a M para la 
obtención de parámetros 
físicos mediante machine 
learning 
 

Patricia Cruz and 
Enrique Solano 

Universidad 
Autónoma de 

Madrid 
 

Ongoing Astrofísica 

Jorge Díaz-
Rullo Aroco 

"Search for new 
mechanisms of resistance 
to perchlorate in 
microorganisms from 
extreme environments" 
 

José Eduardo 
González-Pastor 

Universidad de 
Alcalá de Henares 

Ongoing Evolución 
Molecular 

Jorge Guzmán 
Díaz 

Herbig Ae/Be systems: 
stars, disks, and star-disk 
interactions 

Ignacio 
Mendigutía 
Gómez and  
Benjamín 
Montesinos 
Comino 

Universidad 
Autónoma de 

Madrid 

19/01/2024 Astrofísica 

Julián José 
Miranzo Pastor 

Modeling the chemical 
Evolución on dust grain 
surfaces during the star 
formation process 
 

A. Fuente, 
D. Navarro-
Almaida 

Universidad 
Complutense de 

Madrid 

Ongoing Astrofísica 

Luis González 
Ramírez 

Métodos estadísticos 
avanzados para determinar 
edades estelares 

David Barrado 
Navascués 

Universidad 
Complutense de 

Madrid 

Ongoing Astrofísica 

Mara Laguna-
Castro 

Adaptation of 
bacteriophage Qβ to low 
host density 
 

Ester Lázaro Universidad 
Autónoma de 

Madrid 

Ongoing Evolución 
Molecular 

María Ruiz 
Pérez 
 

Estudio de la atmósfera 
marciana a partir de datos 
observacionales de la 

Jorge Pla Universidad 
Complutense de 

Madrid 

Ongoing Instrumenta
ción 

avanzada 
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primera red meteorológica 
en Marte (REMS-TWINS-
MEDA) y de resultados de 
modelado meteorológico 
mesoescalar. 
 

Marina Calero 
de Ory 
 

Superconducting 
Resonators for Space and 
Quantum Applications 
 

Alicia Gómez and 
Daniel Granados. 
 

Universidad 
Complutense de 

Madrid 

Ongoing Instrumenta
ción 

avanzada 

Marina 
Fernández-Ruz 

Modeling of the origin of 
life as a complex and 
emergent process 
 

Jacobo Aguirre 
and Marta Ruiz-
Bermejo 

Universidad 
Autónoma de 

Madrid 

Ongoing Evolución 
Molecular 

Marta Lorenzo 
González 

Sextans A, a Rosetta Stone 
for massive star formation 
and evolution at low 
metallicity 

Miriam García 
García 
Francisco Najarro 
de la Parra 

Universidad 
Autónoma de 

Madrid 

Ongoing Astrofísica 

Nerea Maestu 
Fonseca 

Observación  y 
representación del cosmos: 
los cometas en la tradición 
medieval hispana 
 

Laura Fernández 
Fernández, 
Montserrat Villar 
Martín 

Universidad 
Complutense de 

Madrid 

Ongoing Astrofísica 

Olga Balsalobre 
Ruza 

Planetas coorbitales y 
puntos de Lagrange: ¿La 
piedra Rosetta de la 
formación planetaria? 

Jorge Lillo Box 
Nuria Huélamo 
Bautista 

Universidad 
Complutense de 

Madrid 

Ongoing  Astrofísica 

Pablo de Lucía 
Finkel  
 

Identification of 
degradation patterns and 
preservation of lipid 
biomarkers of 
astrobiological interest in 
extreme environments 
 

Laura Sánchez 
García, Víctor 
Parro García 

Universidad de 
Alcalá de Henares 

Ongoing Evolución 
molecular 

Pablo 
Rodriguez 
Beltrán 

Surface Brightness 
Fluctuations to constrain 
galaxy stellar populations 

Alexandro 
Vazdekis, Miguel 
Cerviño, 
Mike Beasley 

Universidad de La 
Laguna (Tenerife) 

ongoing Astrofísica 

Patricia 
Fernández Ruiz 

Multi-scale study of sulfur 
chemistry in hot corinos 
 

A. Fuente, 
G. Esplugues 
(OAN) 

Universidad 
Complutense de 

Madrid 
 

Ongoing Astrofísica 

Pedro Mas 
Buitrago 
 

Aplicación de técnicas de 
Machine Learning a 
cartografiados 
espectroscópicos y 
fotométricos” 
 

Enrique Solano 
Márquez, Ana 
González Marcos 
 

Universidad 
Complutense de 

Madrid 
 

Ongoing Astrofísica 

Pedro 
Mustieles del 
Ser  
 

Well conserved protein-
peptide structures as 
target for Early Earth and –
Mars life detection 
 

Víctor Parro 
Garcia and David 
Ruano 

Universidad de 
Alcalá de Henares 

Ongoing Evolución 
molecular 
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Raquel Murillo 
Ojeda 
 

Enanas blancas con 
compañeras subestelares: 
Gaia y observatorio virtual 

Francisco Jiménez 
Esteban, Alberto 
Rebassa 
Mansergas, 
Enrique Solano 
Márquez 
 

Universidad 
Complutense de 

Madrid 
 

Ongoing Astrofísica 

Raúl 
Castellanos 
Sánchez 

Estrellas Masivas como 
Motores del Universo: 
Estudios en el IR-cercano 

Francisco Najarro 
de la Parra 
Miriam García 
García 

Universidad 
Autónoma de 

Madrid 

Ongoing  Astrofísica 

Rita Sofia Dos 
Santos 
Severino  
 

Ancestral proteis and 
peptidos as targets for life 
detection 

Víctor Parro 
García, Mercedes 
Moreno Paz 

Universidad de 
Alcalá de Henares 

Ongoing Evolución 
molecular 

Rocio Navarro 
Martínez 

Formación estelar y 
evolución de galaxias del 
cartografiado OTELO 

Ana M. Pérez, 
Ricardo Pérez, 
Miguel Cerviño 

Universidad 
Complutense de 

Madrid 
 

ongoing Astrofísica 

Rosa María 
Mérida 
González 

Extending star formation 
scaling relations down to 
10⁸ M☉ at 1<z<3 with HST, 
GTC, and ALMA 
 

Pablo G. Pérez 
González, 
Patricia Sánchez 
Blázquez 

Universidad 
Autónoma de 

Madrid 

ongoing 
(thesis 
already 

submitted) 

Astrofísica 

Sandy Morais  Integral field observations 
and modeling of extended 
emission line halos in high 
redshift active 
galaxies. 
 

Andrew 
Humphrey, 
Montserrat Villar 
Martín 

Universidad de 
Oporto 

ongoing 
(thesis 
already 

submitted) 

Astrofísica 

Santos Galvez-
Martinez 

Interacción entre 
aminoácidos y superficies 
de sulfuros metálicos: de la 
reactividad molecular a la 
química prebiótica  
 

Eva Mateo-Marti Universidad 
Autónoma de 

Madrid 

14-12-2023 
Read 

Evolución 
Molecular 

Sara Gómez de 
Frutos 
 

"Effect of light and dark 
cycles on populations of 
hyperhalophilic 
microorganisms " 
 

José Eduardo 
González-Pastor 

Universidad 
Autónoma de 

Madrid 

Ongoing Evolución 
Molecular 

Sofia Zurita 
Zurita 

Application of signal 
processing methods to the 
Rover Environmental 
Monitoring Station data for 
the analysis of 
environmental processes 
on Mars 
 

José Antonio 
Rodríguez 
Manfredi y 
Francisco Javier 
Escribano 
Aparicio 

Universidad de 
Alcalá  de 
Henares 

 

Ongoing Instrumenta
ción 

avanzada 
 

Víctor Muñoz 
Hisado 

Diversidad microbiana en 
ambientes 
permanentemente helados 
 

Cristina Cid 
Sánchez 

Universidad 
Autónoma de 

Madrid 
 

Ongoing Evolución 
molecular 
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Master Theses 

Name Title Director(s) University Date Department 
Aarón Vinagre 
Maqueda  

CARMENES target 
characterisation: 
Carmencita and Gaia 

Miriam Cortés 
Contreras 

Universidad 
Complutense de 
Madrid 

06/2023 Astrofísica 

Abel Cuchi 
Olcina 

Identificación de estrellas 
AGB mediante la creación 
y análisis de curvas de luz 
basadas en la fotometría 
de Gaia 
 

Roberto 
Baena Gallé, 
Francisco M. 
Jiménez 
Esteban 

Universidad 
Internacional de La 
Rioja 

2023 Astrofísica 

Adrián 
Meléndez 
Lorenzo 

Analysis of high precision 
light curves of young stars 
with protoplanetary disks 

Ignacio 
Mendigutía 
Gómez 
Jorge Lillo Box 

Universidad 
Autónoma de Madrid 

09/2023 Astrofísica 

Alejandro Villar 
 

Estudio de la radiación 
ionizante en el subsuelo 
de Marte 
 

Daniel Viúdez 
Moreiras 

Universidad 
Complutense de 
Madrid 
 

Sept-2023 Instrumentaci
ón avanzada 

Andrea Hidalgo 
Arias 

Estudio de 
microorganismos 
extremófilos mediante 
secuenciación de DNA y 
análisis bioinformáticos 
 

Cristina Cid 
Sánchez 

Universidad 
Complutense de 
Madrid 

July-24 Evolución 
molecular 

Blanca Blasco 
García  

Thermoanalytical 
techniques applied to the 
study of samples of 
astrobiological interest in 
the exploration of Mars. 

 

Marta Ruiz 
Bermejo 

Universidad 
Complutense de 
Madrid 

Sep-23 Evolución 
Molecular 

Carmen Castillo 
De La Cruz 

Unveiling the invisible: 
Deep imaging of local 
analogs of high-z galaxies 
 

Luca Costantin Universidad 
Complutense de 
Madrid 

ongoing Astrofísica 

Carmen San 
Nicolás 
Martínez 

Life Tolerability Index of 
known exoplanets. 
Application to rocky 
planets 
 

Patricia Cruzq Universidad 
Complutense de 
Madrid 

2023 Astrofísica 

David 
Fernández Cava 

Efecto de metales pesados 
en la actividad 
fotosintética de 
microalgas acidófilas 
extremófilas. 
 

Á.Aguilera 
 
E. G. Toril 

Universidad 
Autónoma de Madrid 

Sep-23 Molecular 
Evolución 

Diego Martín 
Carrero 

Variabilidad fotométrica 
de enanas ultrafrías 

María Rosa 
Zapatero 
Osorio 

Universidad 
Complutense de 
Madrid 

ongoing Astrofísica 
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Paulo Miles 
Páez 

Elio Quiroga Exoplanetary civilizations: 
State of the art in the 
search for intelligence 
beyond the Earth 

Jorge Lillo Box VIU 09/2023 Astrofísica 

Enrique Goitia 
Díaz 

Search for binary systems 
with low-mass 
components with Gaia 
 

Patricia Cruz y 
Maria Cruz 
Gálvez Ortiz 

Universidad 
Complutense de 
Madrid 

2023 Astrofisica 

Guadalupe 
García Bote  

Detección de 
biomarcadores en 
exoplanetas 

José Antonio 
Caballero 
Hernández 
Miguel Angel 
de Pablo 
Hernández 

Universidad 
Complutense de 
Madrid 

06/2023 Astrofísica 

Irene Molina  Efecto de metales pesados 
en la actividad 
fotosintética de 
Chlamydomonas 
acidophila. 
 

Á.Aguilera 
 
E. G. Toril 

Universidad 
Autónoma de Madrid 

Sep-23 Molecular 
Evolución 

Iván Encinas 
Mayoral  

CARMENES target 
characterisation: 
Carmencita and transiting 
planets 

José Antonio 
Caballero 
Hernández 
David Montes 
Gutiérrez 

Universidad 
Complutense de 
Madrid 

06/2023 Astrofísica 

Jana Markovic Dissecting the 30 Doradus 
analog in Sextans A with 
VLT-MUSE 

Miriam García 
García 
Marta Lorenzo 
González 

Universidad 
Autónoma de Madrid 

Ongoing Astrofísica 

Javier Mendez 
Gallego Analysis of NIRCam 

imaging of ALMA 
[OIII]88um Emitters in the 
EoR 

Javier Álvarez 
Márquez 

Universidad 
Complutense de 
Madrid 

15/06/23 Astrofísica 

Juan Martínez 
García  

Estrellas supergigantes 
rojas en las nubes de 
Magallanes 

Lee R. Patrick Universidad 
Autónoma de Madrid 

Ongoing Astrofísica 

Léon Schiltz Icy moon observations and 
ice experiments 

Bruno 
Escribano, 
Guillermo M. 
Muñoz Caro 

Univ. Técnica de Delft 
(P. Bajos) 

Read oct-23 Astrofísica 

Leonor 
Arriscado Nunes 
Ferreira 
Cardoso 

The JWST rEvolución: 
morphological analysis of 
galaxies in the early 
Universe 
 

Luca Costantin Universidad 
Complutense de 
Madrid 

ongoing Astrofísica 

Luis González 
Ramírez  

CARMENES target 
characterisation: 
Carmencita and X-rays  

José Antonio 
Caballero 
Hernández 
Jorge Sanz 
Forcada 

Universidad 
Complutense de 
Madrid 

06/2023 Astrofísica 

Luis Miguel Peci 
Sánchez 

Identificación y 
caracterización de objetos 
transitorios (transients) 

Enrique 
Solano 

Universidad 
Internacional de 
Valencia 

Ongoing Astrofisica 
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usando el cartografiado 
ZTF y Observatorio Virtual.  
 

Manuel Alberto 
Corbinos 

Búsqueda de planetas 
alrededor de enanas 
marrones 

María Rosa 
Zapatero 
Osorio 
María Cruz 
Gálvez Ortiz 

Universidad 
Complutense de 
Madrid 

ongoing Astrofísica 

Marina 
Centenera 

Complex organic 
molecules in prestellar 
cores: search for glycine in 
L1544  
 

I. Jiménez-
Serra 

Universidad 
Complutense de 
Madrid 

Jun-23 Astrofísica 

Michelangelo 
Pantaleoni 

Galactic structure from 
the kinematical analysis of 
massive stars with Gaia 

Jesús Maíz 
Apellániz 

Universidad 
Complutense de 
Madrid 

06/2024 Astrofísica 

Mousam 
Mondal 

Morphological 
classification of eclipsing 
binariesusing Kepler light 
curves 
 

Hugh Jones 
(UK), Patricia 
Cruz y Maria 
Cruz Gálvez 
Ortiz 
 

University of 
Hertfordshire, UK 

2023 Astrofisica 

Melany Yalibeth 
Loera Osorio 

“Efecto de la inserción de 
dos genes de resistencia 
en Escherichia  coli para 
potenciar su 8 
resistencia ante diferentes
 condiciones extremas” 

José Eduardo 
González-
Pastor 

Universidad Anáhuac 
México 

Ongoing Molecular 
Evolución 

Paula López 
Dones 
 

Estudio de las envolturas 
moleculares de las pPNs 
“abandondas” 
 

C. Sánchez 
Contreras, J. 
Alcolea (OAN) 

Universidad 
Complutense de 
Madrid 

Ongoing Astrofísica 

Pedro 
Hernández 
Cascales 

The limits of the Universe: 
detecting high-redshift 
galaxies with 
JWST 
 

Luca Costantin Universidad 
Complutense de 
Madrid 

16/06/2023 Astrofísica 

Rocío Natividad 
Cataluña 

Multicriteria method for 
determining the 
membership of a star in a 
cluster or moving group 

Carlos del 
Burgo y 
Patricia Cruz 
 

Universidad de 
Granada 

2023 Astrofisica 

Samuel 
Góngora 

Mejorando los parámetros 
de planetas transitantes 
con masa conocida 
alrededor de enanas M 
cercanas  

José Antonio 
Caballero 
Hernández 
David Montes 
Gutiérrez 

Universidad 
Complutense de 
Madrid 

09/2023 Astrofísica 

Sergio Martín 
Blázquez 

Estudio del efecto de la 
gravedad alterada sobre el 
crecimiento de plantas y 
microorganismos 
 

Ester Lázaro Universidad 
Politécnica de Madrid 

sep-23 Molecular 
Evolución 

Sergio Turrado Modelado numérico de 
atmósferas planetarias en 
el sistema Trappist-1 

Daniel Viúdez 
Moreiras y 
María Rosa 
Zapatero 

Universidad 
Complutense de 
Madrid 
 

Septiembre-
2023 

Instrumentaci
ón avanzada 
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Víctor Cortés 
Ortega 

TFM + Prácticas 
académicas externas 
curriculares y 
extracurriculares in CAB 
(CSIC-INTA) for Máster 
Universitario en Ciencia 
y Tecnología desde el 
Espacio, University of 
Alcalá. 

M.Á. de 
Pablo, A. 
Molina 

Universidad de Alcalá 
de Henares 

Abril’23 a 
Julio’23 

Planetología y 
Habitabilidad 

 

 

 

Degree Works 

Name Title Director University Date Department 
Aitana  Tasa 
Chaveli 

Estudio de la 
evolución e historia 
química de núcleos 
sin estrellas a 
través de la 
fracción de 
deuteración y las 
razones isotópicas 
moleculares 

A. Fuente, 
G. Esplugues (OAN) 

Universidad 
Complutense de 
Madrid 

Jun-24 Astrofísica 

Amanda 
Jiménez Lobato 

“Estudio de la 
regulación de los 
genes de biosíntesis 
de queuosina en 
Bacillus subtilis” 

José Eduardo 
González-Pastor 

Universidad 
Politécnica de 
Madrid 

Mar-2023 Evolución 
Molecular 

Andrea Hidalgo 
Arias 

Study of endolithic 
microorganisms in 
volcanic rocks from 
Antarctica, 

Cristina Cid Sánchez Universidad 
Complutense de 
Madrid. 

May-23 Evolución 
molecular 

Gloria López 
Morales 

“Estudio de la  
regulación 
transcripcional de 
los genes de 
biosíntesis de 
queuosina en  
Bacillus subtilis” 

Carolina González de 
Figueras 

Universidad de Alcalá 
de Henares 

Sept-2023 Evolución 
Molecular 

Juan Jusdado 
Serrano 

Nueva calibración 
del Ground 
Temperature 
Sensor (GTS) del 
instrumento Rover 
Environmental 
Monitoring Station 
(REMS) a bordo del 
Rover de NASA 
Curiosity 
 

Eduardo Sebastián 
Martínez 

Universidad 
Politécnica de 
Madrid 

Diciembre-
2023 
 

Instrumenta
ción 
avanzada 
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Lara  Moral 
Almansa 

Completando el 
catálogo de 
moléculas 
orgánicas 
complejas en 
núcleos sin estrellas 
 

A. Fuente, 
M. Rodríguez-Baras 
(OAN) 

Universidad 
Complutense de 
Madrid 

Jun-24 Astrofísica 

Michelangelo 
Pantaleoni 

Massive stars in the 
solar 
neighbourhood 
with Gaia EDR3 

Jesús Maíz Apellániz UCM 06/2023 Astrofísica 

Paula López 
Dones 

 C. Sánchez Contreras, 
J. Alcolea (OAN) 

 Ongoing Astrofísica 

Patricia 
Herrero 
González 

Diversidad 
microbiana y 
mecanismos 
moleculares de 
adaptación en 
ecosistemas 
extremos 
 

Á.Aguilera 
 
E. G. Toril 

Universidad 
Autónoma de Madrid 

Feb-23 Evolución 
Molecular 

Sandra Martínez 
González 

Estudio del 
proteoma 
bacteriano en 
condiciones 
extremas 
 

Cristina Cid Sánchez Universidad 
Autónoma de Madrid 

May-23 Evolucion 
molecular 

Timon Kielhas Laboratory 
Simulation for the 
Photodesorption of 
H2S in Ice 
Mantles in 
Molecular Clouds 
 

R. Martín Doménech, 
Guillermo M. Muñoz 
Caro 

Univ. Técnica de 
Aachen (Alemania) 

Read dic-23 Astrofísica 
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JAE Intro 

 
Name Title Director(s) Date Department 

Abel Cuchi 
Olcina 

Selección de muestra para 
seguimiento en busca de 
compañeros planetarios en 
estrellas frías 

Maria Cruz 
Galvez Ortiz 

30/04/2024 Astrofísica 

Ángel 
Álvarez 
Paredes 

Reconstrucción hidrológica en la 
zona de aterrizaje de la misión 
ExoMars 

Antonio 
Molina 
Jurado 

30/04/2024 Planetología y 
habitabilidad 

Daniel  
Bördner  

Cano 

Formación en técnicas para el 
desarrollo de un sistema de lectura 
multiplexado para detectores 
superconductores tipo Kinetic 
Inductante Detectors. 

Alicia Gomez 
Gutierrez 

28/02/2025 Instrumentación 

Diego 
Martín 
Carrero 

Search for photometric variability 
and determination of physical 
parameters in very low-mass stars 
and brown dwarfs 

Paulo 
Alberto 

Miles Paez 

31/05/2024 Astrofisica 
 

Eloisa Sintes 
Rodriguez 

Reconstrucción topográfica y 
modelización numérica del sistema 
hídrico de Nepenthes Mensae, 
Marte 

Antonio 
Molina 
Jurado 

15/03/2025 Planetología y 
habitabilidad 

Helena 
Martín 

Caballero 

Molecular precursors of the rna-
world in the interstellar medium 

Victor 
Manuel 
Rivilla 

Rodriguez 

30/04/2024 Astrofísica 

Irene 
Garbajosa 

Suárez 

  Miriam 
Garcia García 

31/05/2024 Astrofísica 

Marta Rey 
Montejo 

Búsqueda de moléculas pre-
bióticas en el medio interestelar y 
su relación con el origen de la vida 

Izaskun 
Maite 

Jimenez 
Serra 

30/04/2024 Astrofísica 

Oscar 
Menéndez 

García 

Buscando huellas enzimáticas de 
un metabolismo ancestral 

Marta Ruiz 
Bermejo 

31/07/2024 Evolución 
molecular 

Victor Lopez 
Muñoz 

Exploración de los límites de la 
adaptación en poblaciones virales 

Ester Lázaro 
Lázaro 

15/03/2025 Evolución 
molecular 

Marcos 
Martinez 
Jimenez 

Interacción entre redes complejas: 
teoría y aplicaciones en el ámbito 
de la Astrobiología 

Jacobo 
Aguirre 
Araujo 

31/07/2023 Evolución 
molecular 

Alexandro 
Serrano 
Sánchez 

Hacia el mundo RNA en el origen 
de la vida: polimerización de 
ribonucleótidos sobre superficies 
de arcillas 

Carlos 
Briones 
Llorente 

31/07/2023 Evolución 
molecular 
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Erasmus 
Name Title Director University Date Department 
Leila Mahboub Study of antibody microarrays to 

characterize microbial biomarkers 
of samples from extreme 
environments in the laboratory's 
collection to contribute to the 
development of immunosensors in 
the context of planetary 
exploration and the LDChip 
 

Mercedes 
Moreno Paz 

AgroParisTech 
University 
(France).   

06-2023 – 
08-2023 

Evolución 
molecular 

Xosé Manuel 
Tomé Castro 

Antibody microarrays for testing 
gut microbial indicators of health 
 

Mercedes 
Moreno Paz 

International 
Space 
University 
(ISU, France) 

07-2023 – 
08-2023 

Evolución 
molecular 

 

 

Ongoing Funded Projects 
 

IP(s) Title Funding Source Code No. Amount Department 
A. Fuente 
Juan 

The trail of sulphur: 
from molecular clouds 
to life (SUL4LIFE) 
 

ERC Advanced ERC AdG 2022 
– GA 
No101096293 
 

2.191.875€ Astrofísica 

A. Fairén The physicochemical 
nature of water on early 
Mars 
 

ERC 818602  1.998.37€ Planetologia y 
habitabilidad 

A. Garcia 
Jerez 

Caracterización 
geofísica de la 
geometría estructural 
profunda del relleno 
sedimentario en la 
cuenca neógena de 
tabernas (Almería SE 
España) 
 

Proyectos de I+D en el 
marco del Programa 
Operativo FEDER 
Andalucía 2014-2020 
Proyectos de Fomento y 
Generación de 
Conocimiento 
“Frontera” 
 

UAL2020-
RNM-B1980 

30.000€ Planetologia y 
habitabilidad 

Alicia 
Gómez 
Gutiérrez 

Tecnologías Cuánticas – 
Circuitos 
Superconductores 
 

Plataforma Temática 
Interdisciplinar CSIC 

  Instrumentación 
avanzada 

Alicia 
Gómez 
Gutiérrez  
 

FAult Tolerant 
MOLecular Spin 
processor (FATMOLS) 
 

H2020 FET-Open  53.751,25€ Instrumentación 
avanzada 
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Alicia 
Gómez 
Gutiérrez / 
Jesús 
Martín-
Pintado 
 

SUPERconducting circuits for 
HYbrid QUantum Processing 
unit (SUPERHYQUP) 
 

Agencia Estatal de 
Investigación, Proyectos 
de Transición Ecológica y 
Transición Digital 
 

 150.650€ Instrumentaci
ón avanzada 

Ana Belén 
Galán 
Abellán 

Precipitación mineral en 
medios ácidos y sus 
implicaciones en la 
habitabilidad 

 

Ayudas a proyectos de 
i+d dentro del programa 
de estímulo a la inves-
tigación de jóvenes 
doctores financiada en 
el marco del convenio 
entre la universidad 
autónoma de Madrid y 
la comunidad de Madrid 
relativo a los años 2019-
2024  
 

SI3/PJI/2021-
00328 

37.090€ Evolución 
Molecular 

Ana 
Moreno 
Caballud 

Las cuevas de hielo del 
Parque Nacional de Ordesa y 
Monte Perdido: dinámica 
actual ante el cambio global 
y reconstrucción 
paleoambiental 
(ORCHESTRA). 
 

Red de Parques 
Nacionales. Ministerio 
para la Transición 
Ecológica y el Reto 
Demográfico 2552/2020 

2552/2020. 
2020-2024 

 Evolución 
Molecular 

Ángeles 
Aguilera 

Life as a geochemical control 
in the formation and 
Evolución of key ore deposits 
(superMIN). 
 

Ministerio de Ciencia e 
Innovación 

PID2022-
138986OB-
I00 

212.000€ Evolución 
Molecular 

Azua 
Bustos 

Unveiling the Lost Living 
Fossil Ecosystems of the 
Atacama Trench 
 

Schmidt Ocean Institute No aplica 3.5M USD Planetologia y 
habitabilidad 

Azua 
Bustos 

UV- Energy, Evolutionary 
puzzles: Do microbes in the 
Atacama Desert harvest UV 
as an energy source? 
 

Human Frontiers 
Science Program Grant 

RGY0066/20
18 

658.000€ Planetologia y 
habitabilidad 

C. Sánchez 
Contreras 

PN Genesis: outflows, mass-
loss and jet-launching 
(GENESIS) 
 

MICINN PID2019-
105203GB-
C22 
 

104.060€ Astrofísica 

C. Sánchez 
Contreras 

Estudio multi-longitud de 
onda en estrellas AGB con 
emisiones de alta energía. 
Nuevo acercamiento en la 
búsqueda y caracterización 
de binariedad en estrellas 
AGB. 
 

CSIC IMOVE23023 4.050€ Astrofísica 
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Carlos 
Briones 

Development, 
characterization and 
applications of 
aptamers as new 
biotechnological tools 
for virus detection and 
antiviral therapy’ 

Ministerio de Ciencia, 
Innovación y 
Universidades; 
Programa Estatal I+D+i 
Orientada a los Retos de 
la Sociedad 

PID2019-
104903RB-I00 

 

Duration: 
01/06/2020 to 
31/12/2023 

100.000€ Evolución 
Molecular 

Carlos 
Briones 

 

Graphene aptasensor 
bioelectronics: a 
neuronal interface for 
neurotransmission 
probing in neurological 
disorders 

“La Caixa” Foundation, 
Health Research 2021 
Call 

HR21-00410 

 

908.539,19€  Evolución 
Molecular 

Daniel 
Puyol  
 

Fundamentals and 
applications of purple 
bacteria biotechnology 
for resource recovery 
from waste 
(PURPLEGAIN)  
 

COST Action  
 

060/22 
CA21146  
 

 Evolución 
Molecular  
 

Daniel 
Carrizo 

Science and 
Instrumentation for the 
study of (bio) 
geochemical processes 
in Mars. 

MINECO RED2022-
134726-T. 
2022-2024. 

20.000€ Planetologia y 
habitabilidad 

Daniel 
Carrizo 

Extreme Environments 
in Planetary 
Exploration: Geolipids, 
Stable Isotopes and 
Minerals in King Gorge 
Island, Antarctica 

IAU (Uruguayan 
Antarctic Institute 

  Planetologia y 
habitabilidad 

David 
Hochberg 

Mirror-symmetry 
breaking in continuous 
flow chemical 
processes: theoretical 
analysis and 
applications to catalysis 

Ministerio de Ciencia e 
Innovación  

 

PID2020-
116846GB-C22 

 

28.798€ 

 

Evolución 
Molecular 

Elena G. 
Toril 
and Cristina 
Cid 

Ciclo de aerosoles en 
Marte y La Tierra, 
estudio comparativo. 
Implicaciones para la 
vida y protección 
planetaria (CAMELIA-
MICRO). 
 

Ministerio de Ciencia e 
Innovación 

PID2019-
104205GB-C22 

88.693€ Evolución 
Molecular 

Elena G. 
Toril 
 

PIE-Ayudas 
Extraordinarias 
Proyecto de referencia: 
CAMELIA-MICRO 
 

CSIC 2023AEP052 9.162€ Evolución 
Molecular 



 

 

 131 

Enrique 
Solano 
Márquez 
 

El Observatorio Virtual 
Español. Explotación 
científico-técnica de 
archivos astronómicos 

Ministerio de Ciencia e 
Innovación 

PID2020-
112949GB-I00 

209.935€ Astrofisica 
 

Enrique 
Solano 
Márquez 
 

The Gaia DR3 Catalogue 
of Galactic AGB Stars 
 

European Space Agency 4000139151/2
2/ES/CM 
 

60.000€ Astrofisica 
 

 Ester 
Lázaro 

Experimental Evolución 
of an RNA 
bacteriophage: 
Influence of contact 
networks, external 
environment, and pre-
existing mutations 
(EVOLCEM). 
 

MCIN/AEI PID2020-
113284GB-C22 

91.960€ Evolución 
molecular 

 

Eva Mateo-
Marti and 
Marta Ruiz-
Bermejo 

 

Simulaciones 
experimentales de 
química prebiótica: 
contribuciones, bio-
firmas y protocolos para 
el retorno de muestras 
de marte.  

Ministerio de Ciencia e 
Innovación  

 

PID-2022-
1401800B-C22 

86.250€ Evolución 
Molecular 

Eva Mateo-
Marti 
(coordinad
or D. 
Carrizo-
Gallardo) 

Ciencia e 
instrumentación para el 
estudio de procesos 
(bio)geoquimicos en 
marte. 

Ministerio de Ciencia e 
Innovación  

 

RED2022-
134726-T 

20.300€ Evolución 
Molecular 

F. Gómez DAXE DM EJS22001 90.000€ Planetologia y 
habitabilidad 

F. Cañadas Mars Phosphorus and 
LifE 

MSCA 101022397 172.932,48€ Planetologia y 
habitabilidad 

Francisco 
Najarro de 
la Parra y I. 
Jiménez 
Serra 

CAB Contribution to 
SPICA, development of 
cryogenic 
instrumentation and 
multiwavelength 
scientific exploitation 
 

Ministerio de Ciencia e 
Innovación  

 

PID2019-
105552RB-C41 
 

 1.108.965€ Astrofísica 

Francisco 
Najarro / 
Alicia 
Gómez 

Spanish Contribution to 
PRIMA, development of 
cryogenic 
instrumentation and 
multiwavelength 
scientific studies 
(ESPRIMA) 
 

Proyectos de 
Generación de 
Conocimiento 2022 
 

 517.500€ 
 

Instrumentación 
avanzada 

Francisco 
Najarro 

Kidsnet: madurando la 
tecnologia kids 

AEI RED2022-
134839-T 

119.700€ 
 

Astrofísica 
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G. M. 
Muñoz 
Caro 

Astrophysical ice 
processes 

Ministerio de Ciencia e 
Innovación  

 

PID2020-
118974GB-C21 

70.180€ Astrofísica 

Giovanni 
Lamanna 
and 
Enrique 
Solano 

European Science 
Cluster of Astronomy & 
Particle physics ESFRI 
research Infrastructure 
 

European Comission. 
H2020 Programme. 
Connecting ESFRI 
infrastructures through 
Cluster projects  

INFRA-EOSC-4-
2018 
 

126.468,75€ Astrofisica 
 

I. Jiménez-
Serra / 
Víctor M. 
Rivilla 

Emergence and 
Evolución of Chemical 
COmplexity in Space 
(EECCOS) 
 

Ministerio de Ciencia e 
Innovación  

 

PID2022-
136814NB-I00 

377.500€ Astrofísica 

J.E. 
González 
Pastor 

Closing the circle: from 
cultures and function to 
genomes and 
metagenomes and back 
in a salinity gradient 
(METACIRCLE).  

Ministerio de Ciencia e 
Innovación  

PID2021-
126114NB-C43 

 231.110€ Evolución 
Molecular 

J.E. 
González-
Pastor  

Innovative tools for 
sustainable exploration 
of marine microbiome 
innovative tools for 
sustainable exploration 
of marine microbiomes: 
towards a circular blue 
bioeconomy and 
healthier marine 
environments 
(BlueTools). 
 

Programme: Horizon  HORIZON-CL6-
2022-CIRCBIO-
01.  

623.382,5€ Evolución 
Molecular 

J. Miguel 
Mas 
Hesse    

Contribución del 
cab+inta/sge a la misión 
espacial plato2.0. fase 
c/d-1 

MICIU/AEI PID2019-
107061GB-C61 

1.844.89€ Astrofísica 

Jacobo 
Aguirre  

Interacción entre redes 
complejas: Teoría y 
aplicaciones en el 
ámbito de la 
astrobiología 
(NetWorld) 

Ministerio de Ciencia e 
Innovación  

 

PID2021-
122936NB-I00 

36.300€ 

 

Evolución 
Molecular 

Jens Ormö CONCENTRIC, COsmic 
impacts on plaNetary 
bodies: projeCtile and 
targEt properties as 
iNstruments to assess 
paleo-environmenTs 
and catastrophic rIsk to 
Civilization 

State Agency of 
Research MCIN/AEI/ 
10.13039/50110001103
3 and by “ERDF A way of 
making Europe” 

PID2021-
125883NB-C22 

250.833€ Planetología y 
Habitabilidad 
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Jens Ormö Contribution to the 
DART-Hera (NASA/ESA) 
missions: a 
combined capacity of 
numerical and 
experimental 
simulations of 
heterogeneous 
materials 

Spanish Research 
Council (CSIC) support 
for international 
cooperation: I-LINK 

ILINK22061 22.554,40€ Planetologia y 
Habitabilidad 

Jesús 
Manuel 
Sobrado 
Vallecillo 

Imitando el subsuelo 
planetario en el 
laboratorio (MPSL). 
 

PLAN NACIONAL I+D PID2020-
114047GB-100 

96.500€ Instrumentación 
avanzada 

José 
Antonio 
Rodríguez 
Manfredi 
/Eduardo 
Sebastián 
Martínez 

M3LEC Ciencia y 
tecnología de 
instrumentación para la 
caracterización del 
entorno marciano en 
múltiples misiones de 
NASA -IV: REMS (Fase 
E), TWINS (Fase E) y 
MEDA (Fase E) 
 

PLAN NACIONAL I+D PID2021-
126719OB-C41 

968.000€ 
 

Instrumentación 
avanzada 

L. Sánchez-
García y 
P.L. Finkel. 

Life detection and 
biosignature 
preservation studies via 
lipid biomarker analysis 
in Makgadikgadi Salt 
Pans, an evaporitic Mars 
analogue in Botswana 
 

EuroPlanet TA1- 
Planetary Field 
Analogues  

22-EPN3-026 10.000€ Evolución 
Molecular 

Laura 
Sánchez-
García. 

Forensic Geochemistry: 
on the search for 
biosignatures in 
extreme environments 
by exploiting molecular 
and isotopic tools (RyC 
Project). 
 

Ministerio de Ciencia e 
Innovación (MICINN) 

RYC2018-
023943-I 

308.600€ Evolución 
Molecular 

Luis 
Somoza 
Losada 

Sistemas hidrotermales 
submarinos, recursos y 
materias primas críticas 
entre las islas canarias y 
la dorsal medio-
atlántica. ATLANTIS. 

Ministerio de Ciencia e 
Innovación 

PID2021-
124553OB-I00 

172.000€ Evolución 
Molecular 

MªPaz 
Zorzano-
Mier and 
Carmen 
Cordoba 
Carbonero 

Ciclo de aerosoles en 
marte y la tierra, 
estudio comparativo. 
implicaciones para la 
vida y proteccion 
planetaria-atmosferas 
(camelia-atm) 

Ministerio de Ciencia e 
Innovación, PLAN 
ESTATAL de I+D+I 

 

PID2019-
104205GB-C21 

88.000€ Evolución 
Molecular 
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Maria Paz 
Zorzano 
and 
Carmen 
Córdoba 

Camelia-atm (ciclo de 
aerosoles en marte y la 
tierra, estudio 
comparativo 
implicaciones para la 
vida y proteccion 
planetaria-atmosferas 

MCIN/AEI/ 
10.13039/50110001103
3,  

code PID2019-
104205GB-
C21, duration 
3 years and 7 
months 

73.300€ Planetologia y 
habitabilidad 

Maria Paz 
Zorzano y 
Daniel 
Carrizo 

Mars-phys (entorno 
fisico de las muestras de 
marte: adquisicion, 
documentacion e 
irradiacion de muestras 
y analisis de 
muestras analogas 

MCIU/AEI 
/10.13039/5011000110
33 / FEDER, UE 

PID2022-
140180OB-C21 

86.250€ Planetologia y 
habitabilidad 

Maria Rosa 
Zapatero 
Osorio 
 

Enanas marrones y 
planetas aislados y 
alrededor de estrellas 
 

AEI PID2019-
109522GB-C51 
 

428.900€ 
 

Astrofisica 

Olga 
Prieto-
Ballesteros 
y Daniel 
Carrizo 
Gallardo 

Operación técnica y 
explotación científica de 
datos en RIs de 
exomars, y contribución 
al Rax de MMX 

Ministerio de Ciencia e 
Innovación,  PLAN 
ESTATAL de I+D+I 

 

PID2019-
107442RB-C32 

 

665.379€ Planetología y 
Habitabilidad 

Olga Prieto 
Ballesteros 

Espectroscopia raman 
para exomars y mmx: 
liderazgo 
tecnico, operaciones y 
actividades cientificas. 

Spanish Ministry of 
Science and Innovation 
/AEI 

PID2022-
142490OB-C31 

119.790€ Planetologia y 
habitabilidad 

Olga Prieto 
Ballesteros 

Raman spectroscopy for 
exomars-cab 

Spanish Ministry of 
Science and Innovation 
/AEI 

PCI2023-
145992-2 

517.500€ Planetologia y 
habitabilidad 

 Sergio 
Alonso 
(UPC) and 
Jacobo 
Aguirre  

Dinámica No Lineal en 
sistemas biofísicos. 

Ministerio de Ciencia e 
Innovación  

 

RED2022-
134573-T 

20.300€ 

 

Evolución 
Molecular 

Víctor M. 
Rivilla 

Cosmic Origins of Life 
COOL 
 

CSIC 20225AT015 150.000€ Astrofísica 

Víctor M. 
Rivilla 

Cosmic Origins of Life 
COOL 
 

MICINN RYC2020-
029387-I 

324.250€ Astrofísica 

Víctor 
Parro y 
Laura 
Sánchez-
García 

Detección de señales de 
vida actual y pasada en 
exploración planetaria 
(SOLID) 
 

Agencia Estatal de 
Investigación (AEI, 
MICINN), 

PID2021-
126746NB-I00 

181.500€ Evolución 
Molecular 

Xavier Luri Red Española de 
Explotación Científica 
de Gaia 

Ministerio de Ciencia, 
Innovación y 
Universidades 

RED2022-
134612-T 
 

20.600€ Astrofisica 
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Publications  

(Articles and Reviews) 
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Abrevaya X.C., Galante D., Tribelli P.M., Oppezzo O.J., Nobrega F., Araujo G.G., Rodrigues F., 
Odert P., Leitzinger M., Ricardi M.M., Varela M.E., Gallo T., Sanz-Forcada J., Ribas I., Porto De 
Mello G.F., Rodler F., Cerini M.F., Hanslmeier A., Horvath J.E.     “Protective Effects of Halite to 
Vacuum and Vacuum-Ultraviolet Radiation: A Potential Scenario during a Young Sun 
Superflare”     Astrobiology, 23 (3), pp. 245 – 268 

 

Aguado D.S., Caffau E., Molaro P., Allende Prieto C., Bonifacio P., González Hernández J.I., 
Rebolo R., Salvadori S., Zapatero Osorio M.R., Cristiani S., Pepe F., Santos N.C., Cupani G., Di 
Marcantonio P., Daodorico V., Lovis C., Nunes N.J., Martins C.J.A.P., Milakovi D., Rodrigues J., 
Schmidt T.M., Sozzetti A., Suárez Mascareño A.     “The pristine nature of SMSS 1605-1443 
revealed by ESPRESSO”     Astronomy and Astrophysics, 669, art. no. L4 

 

Aguirre J., Guantes R.     “Virus-host protein co-expression networks reveal temporal 
organization and strategies of viral infection”     iScience, 26 (12), art. no. 108475 

 

Agúndez M., Marcelino N., Tercero B., Jiménez-Serra I., Cernicharo J.     “Abundance and 
excitation of molecular anions in interstellar clouds”     Astronomy and Astrophysics, 677, art. 
no. A106 

 

Ahrer E.-M., Alderson L., Batalha N.M., Batalha N.E., Bean J.L., Beatty T.G., Bell T.J., Benneke B., 
Berta-Thompson Z.K., Carter A.L., Crossfield I.J.M., Espinoza N., Feinstein A.D., Fortney J.J., 
Gibson N.P., Goyal J.M., Kempton E.M.-R., Kirk J., Kreidberg L., López-Morales M., Line M.R., 
Lothringer J.D., Moran S.E., Mukherjee S., Ohno K., Parmentier V., Piaulet C., Rustamkulov Z., 
Schlawin E., Sing D.K., Stevenson K.B., Wakeford H.R., Allen N.H., Birkmann S.M., Brande J., 
Crouzet N., Cubillos P.E., Damiano M., Désert J.-M., Gao P., Harrington J., Hu R., Kendrew S., 
Knutson H.A., Lagage P.-O., Leconte J., Lendl M., MacDonald R.J., May E.M., Miguel Y., 
Molaverdikhani K., Moses J.I., Murray C.A., Nehring M., Nikolov N.K., Petit dit de la Roche 
D.J.M., Radica M., Roy P.-A., Stassun K.G., Taylor J., Waalkes W.C., Wachiraphan P., Welbanks 
L., Wheatley P.J., Aggarwal K., Alam M.K., Banerjee A., Barstow J.K., Blecic J., Casewell S.L., 
Changeat Q., Chubb K.L., Colón K.D., Coulombe L.-P., Daylan T., de Val-Borro M., Decin L., Dos 
Santos L.A., Flagg L., France K., Fu G., García Muñoz A., Gizis J.E., Glidden A., Grant D., Heng K., 
Henning T., Hong Y.-C., Inglis J., Iro N., Kataria T., Komacek T.D., Krick J.E., Lee E.K.H., Lewis 
N.K., Lillo-Box J., Lustig-Yaeger J., Mancini L., Mandell A.M., Mansfield M., Marley M.S., Mikal-
Evans T., Morello G., Nixon M.C., Ortiz Ceballos K., Piette A.A.A., Powell D., Rackham B.V., 
Ramos-Rosado L., Rauscher E., Redfield S., Rogers L.K., Roman M.T., Roudier G.M., Scarsdale 
N., Shkolnik E.L., Southworth J., Spake J.J., Steinrueck M.E., Tan X., Teske J.K., Tremblin P., Tsai 
S.-M., Tucker G.S., Turner J.D., Valenti J.A., Venot O., Waldmann I.P., Wallack N.L., Zhang X., 
Zieba S.     “Identification of carbon dioxide in an exoplanet atmosphere”     Nature, 614 (7949), 
pp. 649 – 652 

 

Akins H.B., Casey C.M., Allen N., Bagley M.B., Dickinson M., Finkelstein S.L., Franco M., Harish 
S., Haro P.A., Ilbert O., Kartaltepe J.S., Koekemoer A.M., Liu D., Long A.S., McCracken H.J., 
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Paquereau L., Papovich C., Pirzkal N., Rhodes J., Robertson B.E., Shuntov M., Toft S., Yang G., 
Barro G., Bisigello L., Buat V., Champagne J.B., Cooper O., Costantin L., de la Vega A., Drakos 
N.E., Faisst A., Fontana A., Fujimoto S., Gillman S., Gómez-Guijarro C., Gozaliasl G., Hathi N.P., 
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sabemos de…? 
 

Las galaxias antes de que fueran 
galaxias,  
 

Tabakalera, San Sebastián 

Ciclo de 
conferencias 
 

Los primeros resultados del 
telescopio espacial James Webb, 
 

Agrupación Astronómica de 
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Ilustrar los cielos, interpretar el 
cosmos. 

Universidad de Alicante 
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universo” 
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del Prado 
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Libros para pensar, libros para 
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Universidad complutense de 
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conferencias “La 
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The beauty of the universe 
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A hombros de gigantes  
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conferencias 
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Comunidad de 
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Nuestra Dirección Cósmica 
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Giustini 
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in Padova (Italy) is 
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Luca 
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 230 

minute to 
commemorate the 
discovery of the 
galaxy ceers-2112 
 
  

 
International Ultraviolet 
Explorer (IUE) 
 

IV Curso CesaR 
para el profesorado 
en castellano: Los 
límites del universo 
 

  

E. Solano 

 

Curso CesaR de 
profesores 
internacional ESA 
GTTP 
 

 

E. Solano 

 

Participación II Premio Javier Gorosabel de 
Colaboración ProAm 
 

 
ESAC Open Day 

Perla de ciencia Científic@s por un día: cazando 
asteroides con el Observatorio 
Virtual 
 

 

 

Women promotion 
in STEM 
 

Chatea con una Astrónoma 2023 
P. Cruz y A. 
Aller 

 

Women promotion 
in STEM 
 

Co-coordinación "Astrominas 
2023 P. Cruz 

 

Curso Participación en el “Curso online 
de formación en igualdad de 
género en ciencia 2023” (A. Aller) 

A. Aller 
 

Charla Astrobiología 

Ester Lázaro 

Ciclo de Conferencias CSIC-
Aula de Cultura Solidarios 
 

Charla  Astrobiología: un viaje al origen 
de la vida en el universo 
 

IES Renacimiento (Madrid) 

Charla La búsqueda de vida fuera de la 
Tierra 
 

IES Mirasierra (Madrid) 

Podcast 
 

Ciencia para leer y escuchar Feria del libro de Granada 

Mesa redonda La ciencia no basta: hay que 
contarla, y saber contarla 
 

Feria del libro de Madrid 

Charla La vida y su búsqueda fuera de la 
Tierra 

Seminar “Ciencia A Banda” 
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Charla La vida y su búsqueda fuera de la 

Tierra 
 

Casa de las Ciencias de 
Logroño 

Charla La vida y su búsqueda fuera de la 
Tierra 
 

Museo de la Evolución 
Humana de Burgos 

Podcast La viralización El Café del Observatorio 
Social de La Caixa 

Dialogo 
 

¿Qué pasa con Darwin? Ateneo de Madrid 

Curso IX Curso de Astrofísica: Astrofísica 
desde el espacio (pasado, 
presente y futuro) 
 

Universidad de Verano de 
Teruel 

Curso Microcredencial universitaria en 
Astrobiología. ¿Hay alguien ahí 
fuera? 
 

Universidad de Valencia 

Exposición “Science 
and art” 

“Vida en el universo verde” 

(Asesoría científica y textos) 

Carlos 
Briones  and 
Antonio 
Calleja 

Real Jardín Botánico de 
Madrid (CSIC) 

Mesa redonda “El legado transdisciplinar de 
Lynn Margulis” 

Organizador y moderador Carlos 
Briones 

Universidad Complutense de 
Madrid 

Entrevista-
documental 

“Joan Oró: La fórmula de la vida” Fundación Joan Oró  

Charla “El espacio: la última frontera”  

 

Carlos 
Briones and 
Sara García 

Ateneo de Madrid  

Charla “Astrobiology: Life in our planet 
and beyond”  

Carlos 
Briones and 
Emmanuelle 
Javaux 

Instituto Cervantes (Bruselas, 
Bélgica) 

Cátedra Almirante 
Don Juan de 
Borbón 

Cámaras de simulación de 
ambientes planetarios y 
astrobiología 

 

 

Eva Mateo-
Marti 

Universidad Complutense de 
Madrid 

Divultación en  
I.E.S. 

"CAB-12: Cámaras de simulación 
planetaria: plataforma 
experimental en el laboratorio 

CSIC 
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para exploración planetaria y 
astrobiología" 

Programa de Máster 
Conjunto en 
Biotecnología 
Marina 
 

Marine Microbiome and 
Metagenomics José Eduardo 

González-
Pastor 

Universidad Católica de 
Valencia "San Vicente Mártir" 

Micromundo MicroMundo@UCM: Ciencia 

Ciudadana y Aprendizaje-Servicio 
frente a la resistencia a 
antibióticos desde la comunidad 
educativa 

Carolina 
González de 
Figueras 

Universidad Complutense de 
Madrid 

EMBO Curso 
Práctico 

Microbial Metagenomics: a 360º 
Approach 

José Eduardo 
González-
Pastor 

European Molecular Biology 
Organization (EMBO) 

Charla divulgativa "Centro de Astrobiología, ¿qué 
puede hacer un biólogo en un 
centro de investigación? 

Carolina 
González de 
Figueras 

Colegio Jesús María 

Ciclo de 
Conferencias 
Científicas del CSIC 
dirigidas al sistema 
educativo de la 
comunidad de 
Madrid 
 

Simulación espacial en el 
laboratorio. Atmósferas y 
simulación planetaria 

Jesús Manuel 
Sobrado 
Vallecillo 

IES La Cabrera 

Jornadas Orientación vocacional y 
profesional dirigidas a los 
alumnos de bachillerato 
 

Colegio Abaco, Madrid 

Profesor del curso 
de vacío 
 

Lección 7: Medidores de vacío 
total 

ASEVA 

I Congreso de 
Innovación 
Educativa en 
Ciencias del 
Espacio 
 

Ponencia “Objetivo Marte” Principado de Asturias 

Charla de 
divulgación 
 

LA EXPLORACIÓN ESPACIAL Colegio Padre Coloma 

Colaboración en 
canal de 
divulgación 
 

misiones espaciales Fuera de Órbita 
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XXIX Jornadas 
Astronómicas del 
planetario de 
Castellón. Charla 
 

Marte. La próxima frontera 
 

Planetario de Castellón 

Conferencia en el 
curso 
“EXPLORACIÓN DE 
ESPACIOS 
HABITABLES FUERA 
DE LA TIERRA” 
 

“Estudio de atmósferas en 
astrobiología. Rastreando signos 
vida fuera en el espacio 
profundo” 

Cursos de Verano de la 
Universidad Complutense de 
Madrid 
 

Conferencia La exploración humana del 
Sistema Solar: de la Luna a Marte 
 

Museo de Ciencias de Cuenca 

SASDABA (Project 
Star Analyser 
Spectroscopic 
DataBAse) 

Near Earth asteroid precovery  
◦ New data collections 

(J-PLUS) 
◦ Bug fixing 

 

Astrofisica 

Spanish Virtual Observatory 
and the Garraf Astronomical 
Observatory (OAG) 

 

 Near Earth asteroid precovery  
◦ New data collections (J-PLUS) 
◦ Bug fixing 

 

Virtual Observatory schools go virtual.  
Since 2009 the Spanish Virtual Observatory group has been actively participating in the 
organization of Virtual Observatory (VO) schools both at national and European level. These 
schools have two goals: to expose participants to VO tools and services, so they can efficiently 
use them for their research and to gather feedback and requirements for VO tools and services 
and the schools themselves from the participants. 

In 2023 we organize two schools focused on master/PhD/ early-career researchers and on 
amateur astronomers: 

◦ I Escuela Latinoamericana de Observatorio Virtual. March 2023 
◦ J-PAS Tools School. May 2023 
◦ II Escuela de Observatorio Virtual para amateurs. (XXIII escuela SVO) November 

2023 
Short visits:  

 Paula Coelho (São Paulo Univ.) and Alessandro Ederoclite (CEFCA). April 2023 (5 days) 
 

Jesús Manuel Sobrado Vallecillo. Marte en la Tierra. Revista Española de Física, Vol 37, nº4, de 
octubre-diciembre del 2023 

Redacción de la revista divulgativa Astronomía. Sección de Astrobiología (números de Enero a 
Diciembre de 2023) 
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International Congress Committees: 
 

European Astrobiology Network Association (EANA) 2023 in Madrid, Spain 

 Eva Mateo-Martí, Centro de Astrobiología  
 Víctor Parro, Centro de Astrobiología  

 

Biennial European Astrobiology Conference (BEACON) 2023 in Fuencaliente, La Palma, Spain 
 

 Jose Antonio Caballero, Centro de Astrobiología  

 
 
12th International Conference on Complex Networks and their Applications in Menton Riviera, 
France 

 Jacobo Aguirre, Centro de Astrobiología  
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Formation 
 
XIX International Summer School of Astrobiology ‘Josep Comas i Solà’: Searching for Life on Ocean 
Worlds 
 

 

 
Directors:  
 
Rosaly M. Lopes - Jet Propulsion Laboratory (JPL) NASA, USA  

Víctor Parro García - Centro de Astrobiología (CAB) CSIC-INTA 

 
Spain Organization  
 
Carlos Briones Llorente - Centro de Astrobiología (CAB) CSIC-INTA, Spain 
 
Teachers: 
 
Víctor Parro García - Centro de Astrobiología (CAB) CSIC-INTA 

Rosaly M. Lopes - Jet Propulsion Laboratory (JPL) NASA, USA  

Morgan L. Cable - Jet Propulsion Laboratory (JPL), NASA, USA 

Nicolas Altobelli - European Space Agency (ESA), Madrid, Spain 

Olga Prieto Ballesteros - Centro de Astrobiología (CAB) CSIC-INTA, Spain 

Shannon M. MacKenzie - Johns Hopkins University Applied Physics Laboratory, Maryland, USA 
 
 
 
The 2023 Josep Comas i Sola International Summer School in Astrobiology is scheduled to take place from 
July 10-14, 2023, and will be focused on the exploration of ocean worlds orbiting the giant planets of our 
Solar System. 
Moons such as Enceladus, Europa, Ganymede, and Titan are key astrobiological targets for future 
exploration by both NASA and ESA missions. These moons contain global liquid water oceans underneath 
icy surfaces and provide a different astrobiological perspective from rocky worlds such as Mars. Recent 
exploration has revealed the diverse biomes in Earth’s deep oceans and ice sheets and has opened up our 
ideas of habitability. Ocean worlds present deep potentially habitable environments dominated by the 
physical processes of water and ice where alien life could exist in our Solar System. 

The Cassini mission revealed water vapor plumes spewing material from the interior of Enceladus, and 
Titan as an organic-rich world having a methane cycle similar to the hydrological cycle on Earth, with an 
interior ocean that is potentially habitable. Titan is the target of NASA’s Dragonfly mission, which will 
explore the chemistry and habitability of Titan’s surface using a rotorcraft. The ocean underneath Jupiter’s 
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moon Europa was revealed by the Galileo mission and, since then, evidence for water vapor plumes 
spewing from its interior has been mounting. Europa is the target of NASA’s Europa Clipper mission and will 
also be studied by ESA’s JUICE mission. Ganymede, the solar system’s largest moon, is the main target of 
the JUICE mission, and is also an ocean world that may harbor conditions favorable to the emergence of 
life. These moons, as well as other potential ocean worlds such as Neptune’s moon Triton or Uranus’s 
moon Miranda, provide a rich subject area for the study of astrobiology and how life could have evolved in 
their hidden oceans. 
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EAI Academy 2023: 
 

Speaker Seminar title Department 
Dr. Christiane Helling 
 

Virtual laboratories for understanding 
weather and climate regimes of 
extrasolar planets 

IWF (Austria) 
 

Dr. Luca Fossati 
 

 
The CHEOPS mission 
 

IWF (Austria) 
 

Dr. Miguel Mas-
Hesse 
 

 
The ESA PLATO Mission 
 

CAB (Spain) 
 

Dr. Adrienne Kish 
 

Life with a pinch of salt MNHN Paris (France) 
 

Dr. Christa Schleper Extremely thermophilic 
microorganisms and the origin of life 

University of Vienna (Austria) 

Dr. Karen Olsson-
Francis 
 

Searching for Evidence of Life: From 
Earth Analogue Field Sites to 
Laboratory Simulations 

The Open University (UK) 

Dr. Theresa 
Lueftinger 

Missions to explore exoplanets: Ariel - 
The ESA M4 Space Mission to Focus on 
the Nature Of Exoplanets 

ESA/ESAC (The Netherlands) 

Dr. Fuencisla 
Cañadas 

C isotope studies and applications to 
Mars Sample Return 

CAB (Spain) 

Dr. Eva Mateo-Marti 
 

Planetary Atmospheres and Surfaces 
Simulation Chamber: bringing 
planetary objects to the lab 

CAB (Spain) 

 
Dr. Keyron 
Hickmann- Lewis 
 

Mars Sample Return and the returned 
sample science potential of geological 
samples from Jezero crater 

NHM London/ESA (UK) 

 
Dr. David Barrado JWST and spectroscopy studies of 

exoplanets 
CAB (Spain) 

Dr. Armando Azua 
Bustos 

On the Current limits for detecting 
evidences of life on Mars 

Centro de Astrobiología (CAB), 
INTA-CSIC, Madrid 
Spain 

Dr. Nora Noffke Early Life on Earth Preserved in the 
Clastic Rock Record 

Old Dominion University, 
Norfolk, Virginia 
USA 
 

Dr. Guillermo Muñoz 
Caro 

From C to COMs (where C = atomic 
carbon and COMs = Complex Organic 
Molecules) 

Centro de Astrobiología (CAB), 
INTA-CSIC, Madrid 
Spain 

Dr. Marco Moracci Life in extreme conditions: evolution 
on Earth and elsewhere? 

Department of Biology, 
University of Naples, Naples 
Italy 

 


