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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 Aeroes-
pacial (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://as-
trobiology.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://euro-
peanastrobiology.eu/).

➛

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 Insti-
tute (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 Insti-
tute (EAI) (https://europeanastrobiology.eu/).

➛

Introducción
Introduction
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primer paso para su transporte hacia la Tierra en la misión 
Mars Sample Return (MSR), y el CAB forma parte del MSR 
Campaign Science Group (MCSG), grupo de trabajo interna-
cional encargado de planificar los procedimientos a seguir una 
vez las muestras lleguen a la Tierra; Participamos en la misión 
DART-HERA mediante la simulación de impactos en nuestras 
instalaciones y fuimos testigos del choque de la sonda DART 
de NASA con el asteroide Dimorphos; Todo el mundo ha sido 
testigo de la puesta en funcionamiento del telescopio espacial 
James Webb (JWST) y la extraordinaria calidad de 
las imágenes que proporciona desde el primer 
momento, y donde el CAB tiene un papel 
destacado en la ciencia de los instru-
mentos NIRSpec y MIRI.

Abordamos el origen de la complejidad mo-
lecular en el espacio haciendo uso de la teoría de 
redes complejas; Reconstruimos las condiciones paleoam-
bientales del apasionante tiempo geológico correspondiente 
al final del Periodo Ediacara (hace unos 570-
551 millones de años); planteamos que el 
primer fotopigmento que existió en la 
Tierra primitiva, del que no ha quedado 
registro fósil, debió formarse en condi-
ciones hostiles dominadas por la acti-
vidad volcánica, las altas temperaturas 
y la presencia de zinc; identificamos 
microorganismos activos y responsa-
bles del funcionamiento acoplado de 
los ciclos biogeoquímicos del C, H, N, S y 
Fe operativos en el subsuelo profundo 
de la Faja Pirítica Ibérica, y 
concluimos que 
como resul-
tado de esa 
a c t i v i d a d 
m ic rob i a -
na se pro-
ducen los 
compues-
tos respon-
sables de 
las con-
d i c i o n e s 
extremas del río Tinto, el 
mejor análogo geoquímico y mineralógico de Marte; hemos 
detectado por primera vez en el medio interestelar la presencia 
de 1,2-etendiol, un isómero de glicolaldeído, considerado un 
precursor clave del mundo RNA; o nuestra participación cada 
vez más notoria en la detección de nuevos exoplanetas y en la 
caracterización de sus atmósferas.

➛

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 funda-
mentales como de dónde venimos y hacia dónde vamos. Mu-
chos 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 cono-
cemos. 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 estrellas y 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.

Durante 2022, el CAB ha continuado su actividad de gran ca-
lidad y altamente productiva. La instrumentación desplegada 
en Marte (REMS, TWINS, MEDA) sigue proporcionando datos 
y se han publicado nuevos resultados sobre la caracteriza-
ción de la atmósfera marciana, entre ellos la localización de 
la fuente de emisión responsable del metano detectado por 
Curiosity, o como los sensores de MEDA fueron testigos de 
torbellinos diarios, entre otros fenómenos atmosféricos; El ro-
ver Perseverance ha hecho ya múltiples análisis y ha tomado 
ya varias muestras de testigos de rocas y sedimentos como 
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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).

The Centro de 
Astrobiología (CAB) 

was founded in 
1999 as a joint 

centre between the 
National Research 
Council (CSIC) and 

the National Institute 
for Aerospace 

Technologies (INTA).

➛

The aim of Astrobiology is to study life as a natu-
ral 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 interdis-
ciplinary 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 evo-
lution of stars and 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 me-
dium to stars and planets. With special inter-
est 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 biomark-
ers for the search for life in planetary envi-
ronments. Searching for unequivocal finger-
prints of life in planetary environments.

•  Objective 5: To understand the basic princi-
ples of life in planetary environments, its ear-
ly evolution and adaptability to diverse and 
often extreme conditions. 

•  Objective 6: To develop methods and ad-
vanced instrumentation for in situ and re-
mote exploration and characterization of 
cosmic objects.

Over 2022, the CAB has continued its high quality 
and highly productive activity. Our instrumentation 
deployed on Mars (REMS, TWINS, MEDA) con-
tinues to provide data and new results have been 

published on the characterization 
of the Martian atmosphere, includ-
ing the location of the emission 
source responsible for the meth-
ane detected by Curiosity, or how 
the MEDA sensors witnessed daily 
whirlwinds, among other atmos-
pheric phenomena; The Perse-
verance rover has already carried 
out multiple analyzes and has al-
ready taken several core samples 
of rocks and sediments as a first 
step for their transport to Earth in 
the Mars Sample Return (MSR) 
mission, and the CAB is part of the 
MSR Campaign Science Group ( 
MCSG), an international working 
group in charge of planning the 
procedures to follow once the 
samples reach Earth; We partici-
pated in the DART-HERA mission 
by simulating impacts at our fa-
cilities and followed with expeta-
tion the collision of NASA’s DART 
probe with the Dimorphos asteroid; In 2022 the 
entire world has witnessed the commissioning of 
the James Webb Space Telescope (JWST) and the 
extraordinary quality of images it provides right out 
of the box, with CAB scientists playing a leading role 
in the science of the NIRSpec and MIRI instruments.

In 2022 we also approached the origin of molecu-
lar complexity in space using the theory of complex 
networks; We reconstructed the paleoenviron-
mental conditions of the exciting geological time 
corresponding to the end of the Ediacaran Period 
(about 570-551 million years ago); We proposed 
that the first photopigment that existed on the 
primitive Earth, of which no fossil record remains, 
must have formed in hostile conditions dominat-
ed by volcanic activity, high temperatures and the 
presence of zinc; We identified active microorgan-
isms responsible for the coupled functioning of the 
biogeochemical cycles of C, H, N, S and Fe oper-
ating in the deep subsoil of the Iberian Pyrite Belt, 
and we concluded that this microbial activity pro-
duces the compounds responsible for the extreme 
conditions of the Tinto River, the best geochemical 
and mineralogical analogue of Mars; We have de-
tected for the first time in the interstellar medium 
the presence of 1,2-ethendiol, a glycolaldehyde 
isomer, considered a key precursor of the RNA 
world; Or how CAB is notoriously and increasing-
ly participating in the detection of new exoplanets 
and in the characterization of their atmospheres.



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.
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Organization of Centro de Astrobiología in 2022. Centro de Astrobiología is organized in four 
Research Departments (red), each of them having different research groups (green). Additio-
nal 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.

organization
Center

Organización del CAB

Governing Council 
INTA-CSIC

Management 
Mª Victoria Atienza Gallego

UCC / Natalia Ruiz Zelmanovitch

Vice-direction 
Francisco Najarro de la Parra

Planetology Habitability
Felipe Gómez Gómez (Head)

Molecular Evolution
Ester Lázaro Lázaro (Head)

Astrophysics
Miguel Mas Hesse (Head)

Formation and 
Evolution of 

Galaxies

Prebiotic  
Chemistry and 

Physics of Complex 
Systems

Planetary Geology 
and Atmospheres

Space 
Instrumentation

Interstellar and 
Circumstellar 

Medium

Molecular 
Evolution, RNA 

World

Habitability 
and Extreme 
Environments

Stars, Brown  
Dwarfs and Planets

Evolution studies 
with viruses

Virtual Observatory
Molecular 

Mechanisms of 
Adaptation

Microbial 
Biodiversity

Biomolecules 
in Planetary 
Exploration

Advanced Instrumentation
Eduardo Sebastián Martínez (Head)

Scientific  
Advisory Board

MdM Executive 
Commitee

Chair: David Barrado

Direction 
Víctor Parro García

IT Support
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of the Governing 
Council 2022

Members

D. Rafael Rodrigo Montero

Secretario General de Coordinación de Política Científica, Minis-
terio de Ciencia e Innovación

Dña. Esperanza Casteleiro Llamazares

Secretaria de Estado de Defensa, Ministerio de Defensa.

Dña. Rosa Menéndez/Dña. Eloisa del Pino

Presidenta Agencia Consejo Superior de Investigaciones Cientí-
ficas (CSIC)

D. Jesús Marco de Lucas/D. José María Martell

Vicepresidente de Investigación Científica y Técnica (CSIC)

D. José María Salom Piqueres/D. Julio Ayuso Miguel

Director General, Instituto Nacional de Técnica Aeroespacial 
(INTA)

D. Julio Ayuso Miguel/ D. Antonio Guerrero Mochón

Subdirector General de Coordinación y Planes, INTA 

D. Victorino Parro García

Director, Centro de Astrobiología (CAB) 

board
Advisory

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

advisory board
External scientific
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)

CAB Organization
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executive board
Direction and Center

Francisco Najarro de la ParraVictorino Parro García

Name Position

Victorino Parro García Director

Francisco Najarro de la Parra Deputy Director

Miguel Mas Hesse Head of Astrophysics

Felipe Gómez Gómez Head of Planetology and Habitability

Ester Lázaro Lázaro Head of Molecular Evolution

Eduardo Sebastián Martínez Head of Advanced Instrumentation

Benjamín Montesinos Comino Researcher

Ángeles Aguilera Bazán Researcher

Consuelo Moncayo Ortega Administration

Annual Report 2022
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and support

external support 
in 2022

Management

Name Position

Margie Guitart Martín Administration

Consuelo Moncayo Ortega Administration 

Virginia Suarez Marsá Technical management

Susana Cabañero Support

Jesús Vara Pinedo UCC and Outreach

Luis Mora Sotomayor IT support

María Pilar Alonso del Val Technical support

Rosa del Olmo 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

Annual Report 2022
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Personnel
December 2022by gender
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Production
Scientific

Different indicators of the scientific production in 2022 (internal sources)
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Research Articles
Evolution of the number of articles by year: total (blue) and led by CAB (red)

Evolution of the article production in quartile Q1 (%)

Papers

2013

300

200

100

2014 2015 2016 2017 2018 2019 2020 2021 2022

234
244

218

193 199 202

252

271

311

341

76 71
56

48
34

44
54

48
57

46

2018 2019 2020 2021 2022

100

50

82 88 93 91 83

Q4; 3; 0,88%Q3; 5; 1,47%

Q2; 51; 14,96%

Q1; 282;82,70%



22

Annual Report 2022

CAB Organization
17

by subject area 2022 (source Scopus)
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Funds from competitive calls (€ per year)
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The Antennae Galaxies (also known as NGC 4038 and 4039) 
Credit: ALMA (ESO/NAOJ/NRAO). Visible light image: the NASA/
ESA Hubble Space Telescope
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The Eagle nebula observed with JWST/MIRI. Credits: NASA, ESA, CSA, STScI. MIRI was contributed by 
ESA and NASA, with the instrument designed and built by a consortium of nationally funded European 
Institutes (the MIRI European Consortium, with an important CAB/INTA participation) in partnership with 
JPL and the University of Arizona.
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Heads of Department: J. Miguel Mas Hesse 

The research at the Department of Astrophysics is fo-
cused on the formation and evolution of galaxies, stars 
and planets and their interplay with the interstellar me-
dium, 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 Univer-
se: 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 chemi-
cal 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 instrumenta-
tion 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 re-
search 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 astrono-
mical archives (VO)
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Group coordinator: Giovanni Miniutti

Formation and Evolution of Galaxies

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

Montserrat Villar Martín

Postdoctorals

Javier Álvarez Márquez

Marianna Annunziatella

Heribert Argelaguet Vilaseca

Enrica Bellocchi

Luca Costantin

Alejandro Crespo Gómez

Alberto Estrada Piqueras

Margherita Giustini

Isabella Lamperti

Luis Peralta de Arriba

Miguel Pereira Santaella

Ana María Pérez García

Michele Perna

Javier Piqueras Lopez

Bruno Rodriguez Del Pino

Héctor Vives Arias

Summary

The Galaxies Formation and Evolution group (FEG) contri-
butes to objectives O1, O2 and O6 of the Center Strate-
gic Plan. The group aims at providing a global view of the 
processes of galaxy formation and evolution across cosmic 
time. The group routinely collects, analyzes, and publishes 
astronomical data from radio and millimetric to infrared, op-
tical and X-rays, making use of state of the art ground and 
space-based facilities. The FEG group’s scientific expertise 
and research interests cover a very broad range of physical 
phenomena from interacting/merging galaxies, winds and 
gas outflows at large scales from millimetric and infrared to 
optical and X-rays, to the detailed study of nuclear activi-
ty and of its relation with the overall host galaxies proper-

ties. The group is heavily involved in technological projects 
for astronomical instrumentation both in space and on the 
ground in the framework of the ESA and ESO programs. 
Group members participate in the instrument teams of the 
MIRI and NIRSpec instruments for the recently launched Ja-
mes 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. The following research highlights exemplify some of 
the most relevant recent investigations and results led by the 
group during the course of 2022.
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Of the thousands of distant galaxies behind galaxy cluster SMACS 0723, the Near-Infrared Spectrograph (NIRSpec) on board the James 
Webb Space Telescope (JWST) observed 48 individually, all at the same time. Here, four galaxies are highlighted, and their NIRSpec spectra 
are shown on the right panels. Light from the most distant galaxy shown here has traveled about 13.1 billion years before reaching JWST 
detectors. The FEG group is deeply involved in the Webb, and group’s member participate in the instrument teams of both the NIRSpec and 
MIRI instruments.
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RH1: Discovery of a jet–interstellar medium interaction in NGC 7319 revealed by JWST/MIRI Spectroscopy 

JWST/MIRI MRS spectroscopy of NGC 7319, the largest galaxy in the Stephan’s Quintet was observed as part of the Early 
Release Observations (ERO). NGC 7319 hosts a type 2 active galactic nucleus (AGN) and a low-power radio jet (L1.4GHz = 3.3 
× 1022 W Hz−1) with two asymmetric radio hotspots at 430 pc (N2) and 1.5 kpc (S2) projected distances from the unresolved 
radio core. 

The MRS data suggest that the molecular material in the disk of the galaxy decelerates the jet and causes this length asym-
metry. We find enhanced emission from warm and hot H2 and ionized gas at the intersection between the jet axis and dust 
lanes in the disk. This emission is coincident with the radio hotspot N2, the hotspot closer to the core, suggesting that the 
jet–interstellar medium (ISM) interaction decelerates the jet. We find that only <1% of the jet energy remains as mechanical 
energy in these two ISM phases at N2. 

We also find extended high-ionization emission ([Mg v], [Ne vi], and [Ne v]) close to the radio hotspots. This initial analysis of 
NGC 7319 shows the potential of MIRI/MRS to investigate the AGN feedback mechanisms due to radio jets and their radiation 
field in the, often heavily dust-enshrouded, central regions of galaxies. Understanding these mechanisms is an essential ingre-
dient in the development of cosmological simulations of galaxy evolution.

Research Highlights 2022

The figure presents the central 3.6×3.6 arcsec2 region of NGC 7319, which includes the AGN and the northern radio lobe and hotspot N2. 
First row (left to right): [Ne II]12.81 μm, [Ne III]15.56 μm, [Ne V]14.32 μm, and [Ne VI]7.65 μm MIRI MRS line maps. Second row (left to right): 
[Ar II]6.99 μm, [Fe II]5.34 μm, H2 S(5) 6.91 μm, and [Mg V]5.61 μm MIRI MRS line maps. The contours on the second panel represent the 
1.4 GHz emission. Third row: first two panels are HST images presenting the ultraviolet and ionized gas distribution. The third panel is the 
JWST/NIRCam F090W (λp=0.90 μm) image while the fourth panel is the H2 S(2) 12.28 μm emission line. The dotted and dashed black lines 
trace the jet axis (N2 hotspot–AGN axis) and disk dust lanes, respectively. The red hatched circles represent the PSF FWHM, ∼0.26–0.60 
arcsec depending on the wavelength, estimated from the unresolved AGN continuum.



Annual Report 2022

Astrophysics
25

Research Highlights 2022

RH2: A high angular resolution view of the PAH emission in Seyfert galaxies using JWST/MRS data

Polycyclic aromatic hydrocarbons (PAHs) are carbon-based molecules that are ubiquitous in a variety of astrophysical objects 
and environments. In this work we use JWST/MIRI MRS spectroscopy of three Seyferts to compare their nuclear PAH emission 
with that of star-forming (SF) regions. This study represents the first of its kind to use sub-arcsecond angular resolution data of 
local luminous Seyferts (Lbol > 1044.46 erg s−1) with a wide wavelength coverage (4.9-28.1 μm). 

We present an analysis of their nuclear PAH properties by comparing the observed ratios with PAH diagnostic model grids 
derived from theoretical spectra. Our results show that a suite of PAH features is present in the innermost parts of luminous 
Seyfert galaxies (∼0.45″ at 12 μm; in the inner ∼142-245 pc). 

We find that the nuclear regions of active galactic nuclei (AGN) lie at different positions of the PAH diagnostic diagrams, whe-
reas the SF regions are concentrated around the average values of SF galaxies. In particular, we find that the nuclear PAH 
emission mainly originates in neutral PAHs. In contrast, PAH emission originating in the SF regions favours ionised PAH grains. 
The observed PAH ratios in the nuclear region of the AGN-dominated galaxy NGC 6552 indicate the presence of larger PAH 
molecules compared with those of the SF regions. Therefore, our results provide evidence that the AGN have a significant 
impact on the ionisation state (and probably the size) of the PAH grains on scales of ∼142-245 pc.

The top four panels show JWST/MIRI continuum-subtracted spectra where the most prominent PAH features are marked. The first top 
panels correspond to the nuclear regions of NGC 6552 and NGC 7469, respectively. The central panel are spectra from circumnuclear 
regions of NGC 7469 (solid grey lines) and the median circumnuclear spectra of high and low surface brightness regions (solid green and 
brown lines, respectively). The fourth panel is a comparison between the median NGC 7469 circumnuclear spectrum and the regions 
located in the potential outflow zones (blue and red lines). The bottom panel presents synthetic PAH spectral templates of large (100 < Nc < 
400), small (20 < Nc < 100), and ionised PAH molecules. All the spectra are normalised at 11.3 μm.
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RH3: XRADE: a new emulated Monte Carlo radiative transfer disc-wind model

Accretion disk winds are one of the possible feedback mechanisms between galaxies and their central supermassive black 
holes. They are observable in the X-ray spectra of actively accreting supermassive black holes as blue-shifted absorption lines 
and scattered emission. However, specific theoretical predictions are sparse, as the theoretical computation of accretion disk 
wind models is computationally very expensive. 

In this work we develop a novel emulation method consisting in training, validating, and testing simulated accretion disk wind 
X-ray spectra into a purposely built artificial neural network. The trained emulator can generate a single synthetic X-ray spec-
trum for a particular parameter set in a fraction of a second, in contrast to the few hours required by a standard Monte Carlo 
radiative transfer pipeline. XRADE will be an indispensable tool for the development of high-resolution theoretical models for 
the next generation micro-calorimeters on board future missions, like XRISM/Resolve and Athena/XIFU.

Four randomly chosen randomly chosen examples of “ground truth spectra” (orange) with the 
corresponding “predicted spectra” emulated by XRADE (blue).
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RH4: Physics of ULIRGs with MUSE and ALMA: The PUMA project. III. Incidence and properties of ionised 
gas disks in ULIRGs, associated velocity dispersion, and its dependence on starburstiness

A classical scenario suggests that ULIRGs transform colliding spiral galaxies into a spheroid dominated early-type galaxy. 
Recent high-resolution simulations have instead shown that, under some circumstances, rotation disks can be preserved du-
ring the merging process or rapidly regrown after coalescence. We analysed MUSE data of a sample of 20 nearby (z<0.165) 
ULIRGs, as part of the “Physics of ULIRGs with MUSE and ALMA” (PUMA) project, to infer the incidence of gas rotational 
dynamics in late-stage interacting galaxies and merger remnants. 

We found that 27% individual nuclei are associated with kpc-scale disk-like gas motions. The rest of the sample displays a 
plethora of gas kinematics, dominated by winds and merger-induced flows. On the other hand, the incidence of stellar disk-like 
motions is ~2 times larger than gaseous disks, as the former are probably less affected by winds and streams. By combining 
our results with those of local and high-z disk galaxies from the literature, we found a significant correlation between σ and the 
offset from the main sequence (MS), after correcting for their evolutionary trends. 

Our results confirm the presence of kpc-scale rotating disks in interacting galaxies and merger remnants, with an incidence of 
~27-50%. The ULIRGs gas velocity dispersion is up to a factor of ~4 higher than in local normal MS galaxies, similar to high-z 
starbursts.

Kinematic modelling of the 
gaseous rotating disk of the 
Ultra-Luminous InfraRed 
Galaxy I13120-5453, with 
the 3D-Barolo routines. 
The first to third rows show 
the moment 0, 1 and 2, 
inferred rom the data (left), 
the 3D-Barolo best-fit model 
(centre), and the residuals 
(data – model, on the right).



Annual Report 2022

Astrofísica
28

Research Highlights 2022

RH5: From Naked Spheroids to Disky Galaxies: How Do Massive Disk Galaxies Shape Their Morphology?

In this work, we studied the mass assembly history of about 100 massive disk galaxies in GOODS-N at redshift 0.1 < z < 1. In 
particular, we have applied a novel technique of spectrophotometric decomposition to separate the light of the central bulge 
from that of its disk and study their intrinsic stellar population properties. This was achieved by analyzing a dataset from the 
Survey for High-z Absorption Red and Dead Sources (SHARDS; PI: P. Pérez-González), a state-of-the-art imaging survey that 
provides multifilter photometry in 25 bands with spectral resolution R=50. This analysis reveals that bulges form in two waves 
and two modes (see also Costantin et al. 2021). On the other hand, the disk component forms at z ~ 1 for both first and se-
cond-wave bulges. 

The cartoon summarizes the morphological evolution of our galaxies. First-wave bulges (upper panel) formed at redshift z>3 
and assembled their mass fast (timescales around 200 Myr) in an extreme event of gas compaction. After that, they stopped 
forming stars and evolved unperturbed for as long as 5 Gyr. For the second wave of bulges (lower panel), assembling at redshift 
z<3, a slower mode of formation started to become relevant. At redshift z ~ 1, both first and second-wave bulges acquire an 
extended stellar component, marking the beginning of the disk epoch.

Illustration of the proposed scenario for the formation and morphological evolution of massive disk galaxies at redshift 0.14 < z ≤ 1. 
Extracted from Costantin et al. (2022).
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RH6: Physics of ULIRGs with MUSE and ALMA: The PUMA project. IV. No tight relation between cold 
molecular outflow rates and AGN luminosities

Local ultra-luminous infrared galaxies (ULIRGs) host the most intense starbursts in the local Universe and many of them host 
bright active galactic nuclei (AGN) as well. For this reason, they are the ideal places to study AGN and starburst driven outflows, 
and their feedback effects. 

In this work, we study molecular outflows in a sample of 25 nearby (z < 0.17)ULIRG systems as part of the “Physics of ULIRGs 
with MUSE and ALMA” (PUMA) survey, using 400 pc resolution ALMA CO(2–1) observations. In 77% of the 26 nuclei with 
infrared luminosity LIR > 1011.8 Lsun, we identified molecular outflows with an average vout = 490 km/s, outflow masses 1-35 
x 107 Msun, mass outflow rates 6-300 Msun/yr, and mass-loading factors σ = Mout/SFR = 0.1-1. The outflow detection rate 
is higher in nuclei dominated by starbursts (SBs, 93%) than in active galactic nuclei (AGN, 55%). Outflows perpendicular to the 
kinematic major axis are mainly found in interacting star-bursts. 

We find a correlation between the outflow velocity and the star-formation rate (SFR), as traced by the infrared luminosity, which 
is consistent with what was found for the atomic ionised and neutral phases. Using this correlation and the relation between 
Mout/Rout and vout, we conclude that these outflows are more consistent with the momentum-driven than the energy-driven 
scenario. We also find that our sample does not follow the relation between mass-outflow rate and AGN luminosity reported in 
previous works, which means that the AGN luminosity is not the only factor influencing the power of the outflows.

Molecular mass outflow rate versus AGN luminosity for our sample of ULIRGs (orange (AGN) and lightblue (SB) symbols), and other samples 
from the literature. The dashed and dotted lines show the relations presented by Cicone et al. (2014) and by Fiore et al. (2017), respectively. 
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Group coordinator:  Benjamín Montesinos Comino / María Rosa Zapatero Osorio

Formation and evolution of stars, brown dwarfs and planets

Senior/staff Researchers

Julia Alfonso Garzón

David Barrado Navascués

José Antonio Caballero Hernández

Miriam García García

Mª Cruz Gálvez Ortiz

Nuria Huélamo Bautista

Jorge Lillo Box

Jesús Maíz Apellániz

Ignacio Mendigutía Gómez

Benjamín Montesinos Comino

Francisco Najarro de la Parra

Lee R. Patrick

Jorge Sanz Forcada

Eva Villaver Sobrino

María Rosa Zapatero Osorio

Postdoctorals:

Albert Domingo Garau

Esther González Álvarez

Gonzalo Holgado Alijo

José Alejo Molina Lera

María del Mar Rubio Díez

Hugo Tabernero Guzmán

María Morales Calderón

Summary

This group contributes to objectives O2, O3 and O4 of the 
Centre Strategic Plan by addressing the general questions 
of how stars, brown dwarfs and exoplanets form and evolve, 
from the first stages -molecular clouds in the case of stars and 
brown dwarfs, protoplanetary disks, in the case of planets- 

to more evolved ones; minor bodies around stars other than 
the Sun -trojans, and comets- are also among the interests of 
the group. Observations in all ranges of the electromagnetic 
spectrum, both from ground-based and space-borne facilities 
are used, and strong efforts of modelling are also carried out.

Planets and exoplanets, brown 
dwarfs and stars in term of mass 
(Credits: NASA/JPL-Caltech)
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RH1: The discovery of an orphan stellar cluster

We have discovered three stellar ejection events in the Bermuda cluster in the North America nebula that took place 1.9, 1.6, 
and 1.5 Ma ago. As a result, a large fraction of the mass and most of the massive stars of the cluster has been lost and the 
system has become unbound. This is the first time the creation of such an orphan cluster has been observed. If this type of 
event is common, the number of runaway black holes and neutron stars in the Milky Way could be significantly higher than 
previously thought.

DSS2 image with the three ejection events, colour-coded in cyan (Bajamar), yellow (Toronto), and green (HD 201 795). 
Colored solid lines show a representative trajectory for each system in the Sun’s LSR and colored short-dashed lines the 
equivalent after subtracting the motion of the Bermuda cluster. 
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RH2: The first catalog of very metal-poor massive stars, made in CAB 

Local Group (LG) very metal-poor massive stars are so far the best proxy for the First Stars of the Universe and are fundamental 
to modelling the evolution of early galaxies. These stars may be following new evolutionary pathways restricted to very low me-
tallicities. However, given the relatively great distance to the nearest very metal-poor galaxies, no comprehensive spectroscopic 
studies have been carried out at metallicities lower than the Small Magellanic Cloud (SMC, Z = 1/5 Z⊙) until now.

CAB researchers have published the first, comprehensive spectroscopic collection of 1/10 Z⊙ massive stars, with more than 
150 OB stars in the galaxy Sextans A. Assembled after five observing campaigns at the 10.4-m Gran Telescopio Canarias, this 
is the largest catalogue ever produced at sub-SMC metallicities. This sample constitutes a fundamental first step to unveiling 
the evolutionary pathways and fates of very metal-poor massive stars, analyzing the dependence of radiation-driven winds with 
metallicity, and studying binary systems in an environment analogue to the early Universe.

Sextans A RGB composite image made with Hα– (red) and V–bands (green) from Massey et al. (2007), and GALEX 
FUV (blue). The LITTLE THINGS neutral hydrogen map (Hunter et al. 2012) is overlaid in white. We show the 
catalogue stars of Lorenzo et al. 2022 colour-coded according to their spectral type and with different symbols 
based on their luminosity class.
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RH3: Clumping in the intermediate and outer wind regions of OB stars

CAB researchers have led the first multi-wavelength study of the stratification of the density-inhomogeneities (clumping) in the 
intermediate regions of the wind of OB-stars.

The presence of clumping in the winds of OB stars is widely established since the last decade. Studies with the most modern 
codes indicate that the mass loss rates of hot massive stars need to be revised downwards when this parameter is taken into 
account. If confirmed, this would imply a severe revision of the models of evolution of massive stars, and how these stars end 
their life as supernova explosions. 

Our team secured far-infrared observations by ESA’s Herschel observatory for a sample of 25 OB stars in the Milky Way. The 
panchromatic analysis, that also included archival observations from optical to radio regime, enabled the first robust study of 
clumping and its stratification in the wind. We set reliable upper limits for the mass-loss rate of OB stars that confirm that this 
parameter is overestimated by the analyses that do not consider clumping. Our work provides the first clumping study for the 
largest sample of B-supergiants ever. For these objects, mass loss rates need a major downward revision of up to two orders 
of magnitude.

Comparison of the mass-loss rates expected from theoretical prescriptions (Mth, from Vink et al. 2000, 
2001) and the mass loss rates derived in Rubio-Díez et al. 2022 (Mmax), as a function of effective 
temperature. Different colours mark different temperature regimes according to the ionization equilibrium 
of Iron, which is the element that mainly drives radiation driven winds at this metallicity. Arrows represent 
upper limits.
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RH4: Characterizing the huge “nurseries” where stars and planets form

Stars at birth are found grouped together in clusters, which are authentic stellar “nurseries”. In turn, young stars are initially 
surrounded by gas and dust “protoplanetary” disks , the “cradles” of the forming planets. Previous analyses of stellar clusters 
were limited to the study of stars located in the central zones, at distances of less than about 10 light-years from the center of 
each cluster. Such a limitation was largely due to the relatively small field of view of the available telescopes. 

Led by I. Mendigutía and E. Solano, a team including two CAB departments, national and international researchers, has stu-
died several young stellar clusters covering regions with sizes an order of magnitude larger than those previously considered. 
This has been possible thanks to new data from the Gaia space telescope and the use of Clusterix, an analysis tool developed 
by the Spanish Virtual Observatory (VO). Mendigutíaet al. (2022) show that young stars and their protoplanetary disks are also 
found in the outer zones, revealing that the true size of the clusters where stars and planets form is much larger than expected. 
The huge amount of new data is stored in a VO-based archive, available for future studies.

Example of a young stellar 
cluster (NGC 2244). The 
red circle in the center 
shows the rough region 
covered by previous 
studies, and the blue circle 
the new region surveyed in 
this work. Stars belonging 
to the cluster are indicated 
in yellow.
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RH5: Triggering the search for habitable worlds around late K-type stars (KOBE)

In Lillo-Box et al. (2022) we presented the motivation, goals and target selection of the KOBE experiment, a legacy survey run-
ning at Calar Alto Observatory with the CARMENES instrument to fill the gap of habitable-zone planets in late K-type stars, the 
sweet spot for planet detectability and habitability. Despite the detectability advantages against hotter stars (with the habitable 
zone being further away for G-type) and the astrobiological benefits against cooler stars (with the M-dwarfs being more active 
and their habitable-zone planets orbiting too close around them), the K-dwarf domain has remained unchartered so far. KOBE 
is tackling this historical void through a radial velocity monitoring of 50 late-type K-dwarfs that will last at least four years. This 
experiment is lead by CAB and has strong participation from PhD students Olga Balsalobre-Ruza and Amadeo Castro-Gon-
zález. Indeed, one of the first products of the survey is the release of the KOBEsim algorithm (Balsalobre-Ruza et al. 2023), a 
semi-automated strategy design for radial velocity exoplanet searches.

Detected extrasolar planets within the habitable zone for different stellar types. The symbol code is shown in the legend and their size scales 
with planet radius for circle symbols and planet mass for squares and triangle symbols. Green regions show the optimistic and conservative 
habitable zones from the Kopparapu et al. (2013) climate models.
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RH6: The best known terrestrial planet outside the Solar System

Discovered with CARMENES and the TESS satellite a year earlier by a Spanish-German team with US collaborators, GJ 486 b 
is, with a radius only 30% larger than that of the Earth, the best-characterised telluric planet outside the Solar System. In this 
new paper, led by CAB researchers, a very varied plethora of data from the planetary system was presented: from new transits 
with the CHEOPS satellite to an interferometric measurement of the star’s radius with CHARA, from ultraviolet emission with 
Hubble to the determination of the star’s elemental abundances with CARMENES. This allowed modelling meshes of both the 
internal structure of the planet (size and composition of the mantle and core) and its hypothetical atmosphere (which seems 
to have been detected recently with the James Webb Space Telescope). At the time of writing, the International Astronomical 
Union has just announced that, because of their scientific importance, the star system GJ 486 and its planet GJ 486 b have 
been given the proper names Gar and Su, respectively 

Mass-radius diagram of all known transiting exoplanets in 2022 with mass determination (from radial velocity or transit time variations) 
compared to planets in the Solar System. The planet GJ 486 b is marked with a black star.
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RH7: Searching for accreting protoplanets through high contrast imaging observations

Planet formation theories predict that young planets accrete material from their surroundings, so that they are expected to be 
strong emitters in accretion tracers like e.g., the Hα emission line. We have looked for accreting protoplanets inside the disks 
of five young stars through high contrast imaging observations in the Hα and the adjacent continuum filters (see the figure for 
one example). As in other Hα surveys of young stars, we have not reported any protoplanet detection. We have explained the 
lack of accreting protoplanets invoking three different scenarios: either protoplanets show episodic accretion and we have ob-
served them in a quiescent phase, or protoplanets do not accrete as strongly as predicted by models. Finally, it is also possible 
that the extinction from the circumstellar and circumplanetary disks is too high to detect protoplanets at optical wavelengths. 
Future observations will help us to distinguish between these different scenarios.

High contrast imaging observations of the young star RXJ1615 (from Huélamo et al. 2022). The left and middle panels show the Angular 
Differential Imaging (ADI) reduced images in the Ha and continuum filters, respectively. The right panel shows the difference of the two filters 
(Angular Spectral Differential Imaging, ASDI).
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RH8: A multiplanetary system orbiting the early M-dwarf TOI-1238

We reported in this work the discovery of two new exoplanets orbiting an M0 dwarf, using data from CARMENES (radial ve-
locity) and TESS (photometry). The planets are super-Earths (1.2 and 2.1 Earth radii, 3.8 and 8.3 Earth masses, respectively). 
Planet b is one of the densest planets ever discovered, likely due to strong erosion by irradiation in the past. There is a likely 
outer third planet in the system. The two inner planets are placed next to the radius valley, a gap in the mass-period diagram 
(see Figure) not yet satisfactory explained. 

Mass versus orbital period diagram for all discovered planets around late type stars from the NASA 
Exoplanet Archive. The red symbols represent the two planets discovered by us. The shaded area on the left 
corresponds to the location of ultra-short-period planets (USPs).
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RH9: HORuS transmission spectroscopy and revised planetary parameters of KELT-7 b

We report in this paper the results from the analysis of high-resolution spectroscopy of two planetary transits of KELT-7 b, a 
hot Jupiter (M=1.2 MJ, Teq=2028 K) using the ground-based HORuS spectrograph (GTC). We refine the orbital parameters 
formerly published, and we research for the presence of several atmospheric features, setting upper limits to them due to the 
stellar activity of the parent star. 

Rossiter-MacLaughlin effect of KELT-7 b as a function of the planetary orbital phase (top panel). The best 
fit and its associated uncertainty are shown with a red line and a greyish area, respectively. The bottom 
panel shows the RV residuals with an rms of the same size as the individual error bars. 
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RH10: Titanium oxide and chemical inhomogeneity in the atmosphere of the exoplanet WASP-189 b

The temperature of an atmosphere decreases with increasing altitude, unless a shortwave absorber that causes a tempera-
ture inversion exists1. Ozone plays this role in the Earth’s atmosphere. In the atmospheres of highly irradiated exoplanets, the 
shortwave absorbers are predicted to be titanium oxide (TiO) and vanadium oxide (VO)2. Detections of TiO and VO have been 
claimed using both low-3-6 and high-7 spectral-resolution observations, but subsequent observations have failed to confirm 
these claims8-10 or overturned them11-13. Here we report the unambiguous detection of TiO in the ultra-hot Jupiter WASP-189 
b14 using high-resolution transmission spectroscopy. This detection is based on applying the cross-correlation technique15 to 
many spectral lines of TiO from 460 to 690 nm. Moreover, we report detections of metals, including neutral and singly ionized 
iron and titanium, as well as chromium, magnesium, vanadium and manganese (Fe, Fe+, Ti, Ti+, Cr, Mg, V, Mn). The line posi-
tions of the detected species differ, which we interpret as a consequence of spatial gradients in their chemical abundances, 
such that they exist in different regions or dynamical regimes. This is direct observational evidence for the three-dimensional 
thermochemical stratification of an exoplanet atmosphere derived from high-resolution ground-based spectroscopy. 

Due to the tidal locking of the planet, the atmosphere is subject to a temperature gradient that alters the atmospheric chemistry as a 
function of longitude. The schematic shows the contributions to the observed absorption signal originating from the two terminators in 
the absence of dynamical effects other than planetary rotation (no diurnal or nocturnal winds or superrotational flows). 
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Interstellar and Circumstellar Medium

Senior Researchers

Jesús Martín Pintado
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Ricardo Rizzo (Colaborador externo (ISDEFE))

Izaskun Jiménez Serra

Alicia Gómez Gutiérrez

and Guillermo M. Muñoz Caro.

Posdoctorals

Cristóbal González Díaz

Víctor M. Rivilla Rodríguez

Laura Colzi

Enrica Bellocci

Juan García de la Concepción

Alicia López Jiménez

Rafael Martín Doménech

Bruno Escribano Salazar

Jose Pablo Fonfría Expósito.

Posdoctoral trainees

1-3 years since PhD thesis):

Fernando Rico Villas

Sarah Massalkhi

Héctor Carrascosa.

Technicians

Carmen M. Blanco Sánchez

Maite Magaz Pérez.

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 in-
terstellar clouds, circumstellar environments around evolved 
stars, and protoplanetary disks, to understand the interplay 
between gas and dust, and to determine the limits of che-
mical complexity before life emerged on Earth. In particular, 
reactions leading to complex organic molecules (COMs) are 
of interest for Astrobiology (O1 and O2). This work is comple-
mented 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 using single-dish telescopes, e.g. IRAM-30m, Yebes, 

APEX and Robledo de Chavela, and interferometers, e.g. 

ALMA, ii) Theoretical (development of molecular excitation, 

radiative transfer, chemical models, and MADCUBA code for 

data analysis), iii) Instrumentation (contribution to instrumen-

tation on board future missions, development of KID detec-

tors that operate in mm to far-infrared, and iv) Experimental 

(laboratory simulations of ice-covered dust processes lea-

ding 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 bo-

dies of the solar system. Impact of these objects on Earth 

delivered water and molecules of high astrobiological signi-

ficance.
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RH1: Interstellar ice physics and chemistry highlights: Density and infrared band strength of interstellar 
carbon monoxide (CO) ice analogues. 

The motivation to study experimentally CO ice under mimicked interstellar conditions is supported by the large CO gas abun-
dances and ubiquitous presence of CO in icy grain mantles. Upon irradiation in its pure ice form, this highly stable species pre-
sents a limited ion and photon-induced chemistry, and an efficient non-thermal desorption. Using infrared spectroscopy, single 
laser interference (implemented in our system for the first time), and quadrupole mass spectrometry during CO ice deposition, 
the CO ice density was estimated as a function of deposition temperature. The proposed new methodology serves to obtain 
the density of other ice components at various deposition temperatures. The apparent tendency of the CO ice density to de-
crease at deposition temperatures below 14 K is in line with our recently published colorimetric measurements. We provide the 
revisited value of the infrared band strength needed for calculation of the CO ice column density in infrared observations, 8.7 × 
10−18 cm molecule−1 at 20 K deposition temperature. This value is lower than the previous estimate of 1.1 × 10−18 cm molecule−1 
and therefore leads to higher values of the CO ice column density in interstellar/circumstellar ice mantles. 

Research Highlights 2022

Fig.: Main parameters controlled during experiments as a function of time. From top to bottom: temperature, pressure in the 
main chamber, mass spectrometer data, laser intensity, integrated infrared absorbance from the CO ice band centred at 2138 
cm−1 that is proportional to its column density (from González-Díaz et al. 2022).
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RH2: Dissecting the central regions of OH231.8+4.2 with ALMA: A Salty rotating disk at the base of a 
young bipolar outflow 

We present groundbreaking observations of the remarkable bipolar nebula OH231.8+4.2 using the ALMA telescope. This ob-
ject is of great significance in understanding the transition from the asymptotic giant branch (AGB) to the planetary nebula (PN) 
phase. Our high-resolution maps provide detailed insights into the central regions, unveiling a major discovery: the presence of 
a rotating circumbinary disk. This disk, exclusively detected through NaCl, KCl, and H2O emission lines, has a radius of approxi-
mately 30 astronomical units (au) and represents the first detection of KCl in an oxygen-rich circumstellar envelope. The disk 
is located at the bottom of a young bipolar wind, which displays rotational motion features near its base while predominantly 
exhibiting expansive motion with a consistent radial velocity gradient. Beyond a radius of 350 au, the wind maintains a constant 
terminal speed. Our continuum maps reveal a dusty disk-like structure perpendicular to the outflow, with NaCl, KCl, and H2O 
emissions originating from its surface layers. Within the disk, we identify an unresolved point source, likely representing the 
central Mira-type star QX Pup. The slight offset of the point source from the disk centroid provides valuable information about 
the orbital separation (~20 au) and period (~55 years) of the central binary system. These findings shed light on the formation 
and evolution of OH 231.8+4.2, suggesting that the dense rotating equatorial structure arises from wind Roche lobe overflow 
mass transfer from QX Pup to its main-sequence companion. The low velocity of the AGB wind, the companion’s relatively high 
mass, and the comparable sizes of the dust condensation radius and the Roche lobe radius support this intriguing scenario. 
Furthermore, the observed kinematic pattern indicates an active acceleration of the companion-perturbed wind from QX Pup 
as it interacts with low-density polar regions. These discoveries pave the way for a deeper understanding of the AGB to PN 
transition and of the complex dynamics and structures of bipolar nebulae.

Fig.: Summary of our NaCl emission ALMA maps unveiling the presence of a rotating disk at the core of 
OH231.8+4.2. The left panel displays velocity-channel maps and continuum emission, while the right panels 
exhibit the NaCl integrated intensity map and the velocity map (from Sánchez Contreras et al. 2022). 
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RH3: Discovery of Z-1,2-ethenediol and n-propanol in the interstellar medium. 

In two recent papers, we have reported the detection of two new molecules of prebiotic interest, n-propanol and Z-1,2-ethe-
nediol, in the interstellar medium. While n-propanol represents a precursor of prebiotic lipids, Z-1,2-ethenediol is a key inter-
mediate species in the formation of sugars. These detections have been achieved toward the Giant Molecular Cloud G+0.693-
0.027 located in the Galactic Center thanks to a broadband spectroscopic survey carried out with the IRAM 30m and Yebes 
40m telescopes. The derived abundances are of a few 10-10 with respect to molecular H2. The relatively high abundances of 
these prebiotic species indicate that they are likely formed on the surface of dust grains and are released into the gas phase by 
low-velocity shocks. The detection of these prebiotic molecules, together with many other reported toward the same source 
by our group, suggests that the precursors of building blocks of life could form in space. 

Fig.: Image of the central region of the Milky Way obtained at 1.28 GHz with the radiointerferometer MeerKAT, 
adapted from Heywood et al. (2022). The molecules Z-1,2-ethendiol, (CH2OH)2, and n-propanol, n-CH3CH2CH2OH, 
have been detected for the first time in the interstellar medium towards the molecular cloud G+0.693-0.027, using a 
deep spectral survey carried out with the Yebes 40m and IRAM 30m telescopes (Rivilla et al. 2022 and Jiménez-Serra 
et al. 2022, respectively).
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RH4: First detection of silicon-bearing molecules in an evolved and highly massive star 

η Carina, perhaps the evolved massive star best studied in our Galaxy, is a binary formed by a very massive luminous blue 
variable (LBV) and another O-type star, in a very eccentric orbit. Its evolution is heavily driven by great eruptions (like those 
reported in the 19th century), and also by periodic interaction of the two winds during the periastron, every 5.5 years.

We made a spectroscopic survey at an exquisite high angular resolution (33 milli-arcsec) using the ALMA interferometer. The 
most important finding was the discovery of the silicon-bearing molecules SiO, SiS, and SiN, in the inner wall of the equatorial 
ring which surrounds the hot stars.

The three molecules are particularly abundant, which seems related to a set of chemical formation and destruction processes 
linked to the periodic interaction of the two stellar winds. These molecules seem to be formed after shocking the surrounding 
dust, and soon destroyed by the harsh ultraviolet field from the stars.

Fig.: Image on top left shows the massive LBV η Carina surrounded by the dusty Homunculus nebula 
in infrared light at 7.8 microns (source: Mehner et al. 2019, A&A 630, L6). A zoom in the circumstellar 
“donut”, well traced by CO, is depicted as knots in the top right image. SiO clumps, in blue, are located 
closer to the star when compared to CO. The three molecules detected by us, SiO, SiS and SiN, are 
displayed in the bottom image.
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Group coordinator: Enrique Solano Márquez

Virtual Observatory: Scientific exploitation of astronomical archives

Summary

This group contributes to objective O6 of Center Strategic Plan 

by addressing the question of the development of transdisci-

plinar 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.

Senior Researcher

Ricardo Rizzo (colaborador externo ISDEFE)

Posdoctorals:

Alba Aller Egea

Miriam Cortés Contreras (left June 30th)

Patricia Cruz Gamba

Francisco Jiménez Esteban 

Belén López Martí (left Feb 28th)

M. Cruz Gálvez Ortiz

Technicians:

Almudena García López (Colaborador externo ISDEFE)

Carlos Rodrigo Blanco

Almudena Velasco Trasmonte (Colaborador externo ISDEFE)
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RH1: Title: Detached eclipsing binaries from the Kepler field: radii and photometric masses of 
components in short-period systems 

The characterisation of detached eclipsing binary systems with low mass components (where each component of the system 
is a main-sequence K,M-type star) has become important to verify the role of convection in stellar evolutionary models, which 
requires model-independent measurements of stellar parameters with great precision. However, spectroscopic characterisa-
tion depends on single-target radial velocity observations and only a few tens of well-studied low-mass system have been 
diagnosed in this way. 

In this paper, we characterise eclipsing detached systems with low-mass components observed during the Kepler mission 
by adopting a purely-photometric method. Based on an extensive multi-colour dataset, we derive effective temperatures and 
photometric masses of individual components using machine learning (clustering) techniques. We also estimate the stellar radii 
from additional modelling of the available Kepler light curves. Our measurements confirm the presence of an inflation trend in 
the mass-radius diagram against theoretical stellar models in the low-mass regime.

Research Highlights 2022

Legend: Phase-folded light curve of the eclipsing binary KIC09656543 observed by the Kepler telescope. 
Black dots are the observed data, in magnitudes. The red solid line shows the best-fitting model.
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RH2: Title: Discovery and characterisation of ultracool dwarfs using Virtual Observatory tools II. Second 
data release and machine learning methodology 

Current surveys like J-PLUS, and others to come in the near future, are causing a data avalanche in Astronomy. In this sce-
nario, the Virtual Observatory (VO) makes the difference in what refers to the discovery, access and analysis of scientific data. 
Moreover, the huge volume of information generated by these surveys goes beyond what traditional processing and analysis 
methods can offer. To face this situation, machine learning (ML) approaches have gained momentum over the last few years.

We present the search for ultracool dwarfs (UCDs, spectral types later than M7) performed across the entire J-PLUS DR2 
(2 176 deg2) data set. For this purpose, we developed a methodology driven by the use of multiple VO tools and services 
that combines J-PLUS data with astrometric information from Gaia EDR3. Furthermore, we explored the ability to reproduce 
this search with a purely ML-based methodology that relies solely on J-PLUS optical photometry, with a two-step ML method 
based on Principal Component Analysis and Support Vector Machine algorithms.

We consolidated the proposed search methodology, which will be used in deeper and larger upcoming surveys like J-PAS and 
Euclid, and identified a total of 7 827 new candidate UCDs. The online catalogue is available here.

Distance vs effective temperature diagram for previously reported (blue) and new (yellow) candidate UCDs with 
good parallax conditions. Previously reported candidate UCDs tend to be at shorter distances for any value of 
the effective temperature.
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RH3: Discovering vanishing objects in POSS I red images using the Virtual Observatory 

We report a search for vanishing sources in POSS I (Palomar Observatory Sky Survey) red images using virtual observatory 
archives, tools and services. The search aims at finding POSS I sources not present in recent catalogues like PAN-STARRS 
DR2 (limiting magnitude r=21.4) or Gaia EDR3 (limiting magnitude G=21).

We found 298 165 sources visible only in POSS I plates, out of which 288 770 had a crossmatch within 5 arcsec in other ar-
chives (mainly in the infrared), 189 were classified as asteroids, 35 as variable objects, 3592 as artefacts from the comparison 
to a second digitization (Supercosmos) and 180 as high proper motion objects without information on proper motion in Gaia 
EDR3. The remaining unidentified transients (5399 sources) as well as the 172 163 sources not detected in the optical but 
identified in the infrared regime are available from a virtual observatory compliant archive and can be of interest in searches for 
strong M-dwarf flares, high-redshift supernovae, asteroids, or other categories of unidentified red transients. The results of this 
paper are publicly available through a VO-compliant archive. 

Flowchart of the candidate selection (left) and example of a source clearly visible in POSS-I (top right) but 
not detectable in more modern surveys (e.g Pan-STARRS) (bottom right). 



Annual Report 2022

Astrofísica
50

Research Highlights 2022

Other activities 2022:

Meeting organization

Our group is chairing the organization of the Special Session entitled Science with the Virtual Observatory: status, success 
cases, the future, in the framework of the European Astronomical Society Anual Meeting (EAS 2023).

The CAB Astronomical Data Centre

The CAB Data Centre is the reference centre at national level for astronomical archives. A complete list of the archives mana-
ged by CAB Data Centre can be found here. All these archives are fully VO-compliant.

Among the activities carried out in 2022 we highlight the following ones:

• Gran Telescopio Canarias and Calar Alto archives

• Improvement in the management of OSIRIS data.

• Modification of the ingestion procedure for MEGARA data.

• Database improvement. Error code management.

• Development of Technical Notes. 

• CARMENES GTO Archive

• Development of a repository and a web page for the Data Release 1

• Development of a system to manage off-line ingestion of data (templates and re-reduced data). 

• Improvement of error handling procedures. 

• Remedial actions for the log4j vulnerability.

• Development of Technical Notes. 

• New archives:

• SVO Calar Alto CAFOS Direct Imaging First Data Release archive: Detection catalogue.

• The SVO archive of vanishing objects in POSS I red images

• The SVO archive of white dwarfs from Gaia 

• The SVO archive of hot subdwarfs

• The SVO archive of ultracool dwarfs in J-PLUS

• First detection of silicon-bearing molecules in σ Car

• The Garraf Wide Pairs (GWP) catalogue

• Gaia EDR3 comparative study of protoplanetary disk fractions in young stellar clusters.

• JWST/MIRI GTO Disks database

• JWST/MIRI GTO Planets database

• Migration of the SVOCat catalogues. 

• Modification of the SVO theoretical spectral data collections to make them compliant with the SSA data model. 

• Collaboration with other Spanish astronomical data centres:

• Meeting with CEFCA to identity lines of work of common interest (Feb 2022).

• Exchange of technical information for the development of the VO-compliant archive of the Yebes 40m radiotelescope.

VO-tools and services

In 2022 our group has continued working on the field of VO tools and services. 
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– VOPubs

• Improvement of the web application and the associated database.

– Gaia alerts

• Critical redesign of contents and functionalities to broad its scientific usage. 

– Clusterix

• Upgrade and maintenance. Bug fixing.

• Remedial actions for the log4j vulnerability. 

• Control version. 

– VOSA

• User support.

• New release (VOSA 7.5). 

• Gaia DR3 information has been included to estimate distances and extinction.

•  New photometric catalogues: ZTF DR12, NeoWISE, J-PLUS DR2, Gaia DR3, Gaia DR3 SyntPhot, Gaia DR3 Synt J-PAS 
phot. Synthetic photometry in the J-PAS bands was obtained from the Gaia DR3 BP/RP spectra using the GaiaXPy tool. 

•  Collaboration with Gaia DPAC to provide photometric information using the GaiaXPY tool. The information can be extracted 
from Gaia DR3 BP/RP spectra in any of the photometric filters available from the Filter Profile Service.

• VOSA usage statistics:

Users Objects analyzed

2022 999 1 266 900

Total 3873 13 733 550

– FPS (Filter Profile service)

• User support.

• Update of HST/WFC3 filter curves.

• Bug fixing in Subaru/HSC filter curves.

• Ingestion of the VLT/ERIS, SUBARU/VAMPIRES and Swift/UVOT filter curves.

• Ingestion of 147 new filters in 2022.

• Implementation of the MIVOT standard.

• Implementation of the GaiaXPy base XML files to be used for the GaiaXPy tool.

•  At present, the Filter Profile Service provides access to 10739 filters (7684 for astronomy, 616 for solar system and 2439 
for Earth observation). 

Others

• Technical assessment of the VO-compliance of MADCUBA

➛
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Screenshot of the information available at the Filter Profile Service on the JWST/MIRI filters.

 ➛
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Currently, life on Earth manifests in multiple forms, and is distri-
buted over a wide variety of environments with diverse physi-
cochemical 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 Depart-
ment of Molecular Evolution. This is structured in six research 
groups:

1. Prebiotic Chemistry

2. Molecular Evolution, RNA World and Biosensors

3. Experimental Evolution Studies with Viruses and Microor-
ganisms

4. Microbial Biodiversity

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 mecha-
nisms 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.

department of

Molecular 
Evolution

Head of Department

Ester Lázaro Lázaro
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Prebiotic Chemistry and Physics of Complex Systems

Summary

The Prebiotic Chemistry and Physics of Complex Systems 
group is concerned with the study of the chemical and phy-
sical 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 objec-
tives are pursued from a completely transdisciplinary pers-
pective exploiting the connection between areas of exper-
tise such as prebiotic chemistry, the physics and chemistry 
of surface science, the use of non-equilibrium and stochas-
tic thermodynamics in symmetry breaking phenomena in 
chemistry and physics, and the modelling of reaction-di-
ffusion-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 plane-
tary environments in the Solar System, with an emphasis 
on liquid water interfaces, interaction of biomolecules on 
mineral surfaces and chemical reactivity, to the mathemati-
cal modeling of complex processes, supported by compu-
tation based on the use of experimental and observational 
data. 

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

Group coordinator: David Hochberg

Senior Researchers

Marta Ruiz-Bermejo

Eva Mateo-Martí

Jacobo Aguirre

Postdoctorals

Eduardo Cueto Díaz

Laura Jiménez Bonales.

Postdoctoral trainees

(1-3 years since PhD thesis): Adrián Aguirre Tamaral.

Technicians: Pedro Rayo Pizarroso

Evolución Molecular
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RH1: Resilience of parity-violation-induced chiral selectivity to non-equilibrium temperature fluctuations 
in open systems

Chiral molecules cannot be superposed on their mirror images by any combination of rotations or translations. In living organis-
ms, all sugars are right-handed and all amino acids left-handed. On the contrary, in the chemistry laboratory, in the absence of 
any chiral auxiliary, a racemic mixture is always obtained (50/50 of right- and left-handed enantiomers). Since almost all chiral 
auxiliaries come from biological molecules, we face the question of the origin of this biological homochirality. One appealing su-
ggestion, based on fundamental physics, invokes the role of the nuclear weak interaction: right- and left enantiomers differ by 
an extremely tiny amount of energy. Here, we propose a calculation showing that this very tiny, but permanent parity violating 
energy difference (PVED) parametrized by g, can be sufficient to deracemize a macroscopic system, even in the presence of 
unavoidable thermal fluctuations represented by ξ.

Our calculations are based on nonlinear stochastic differential equations. The reaction rate constants of the enantiomers are 
sensitive to the thermal fluctuations, and also to the PVED. When the thermal fluctuations ξ > g are larger than the PVED bias, 
both enantiomers D and L are likely, see histogram (d). However, lowering the amplitude of the thermal fluctuations makes the 
output statistically shifted toward the enantiomer favored by the PVED, see (c). Reducing again the thermal fluctuations leads 
to the preferred enantiomer D with total certainty, see (b) and (a) in the above figure. See more details, see Hochberg, D; Buhse, 
T; Micheau, J-C and Ribó, JM, PHYSICAL REVIEW RESEARCH 4, 033183 (2022).

Figure 1 Histograms of outcomes showing competition between fixed chiral bias due to the parity violating weak 
interaction and internal temperature fluctuations in an open-flow and stochastic model of chiral symmetry breaking. 
Red (blue) bar: total number of D (L)-handed outcomes.
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RH2: Stoichiometric network analysis in reaction networks yielding spontaneous mirror symmetry 
breaking in a prebiotic atmosphere

The generation of amino acid homochirality under prebiotic atmosphere conditions is a relevant issue in the study of the origin 
of life. This research is based on the production of amino acids via Strecker synthesis and how it is adjusted to the Kondepu-
di–Nelson autocatalytic model. 

Figure 2 Amino acid production by the Strecker reaction (the imine pathway).

The spontaneous mirror symmetry breaking (SMSB) of the new Kondepudi–Nelson–Strecker model, subject to two modifica-
tions (with Limited Enantioselective and Cross Inhibition), and also their combinations were studied using the stoichiometric 
network analysis (SNA). In the calculations, the values obtained from the literature for alanine were considered. A total produc-
tion of alanine of 7.56 x 109 mol/year was determined under prebiotic atmosphere conditions and starting from that value, the 
reaction rates for the models studied were estimated. Only the model with cross inhibition or achiral dimer formation is driven 
by stochastic fluctuations during SMSB. The stochastic fluctuation was estimated for a value of 2.619 x 10-15 mol/ L. This per-
turbation was sufficient to trigger SMSB (see Figure 3). For more details see, Bourdon-García, RD; Ágreda, J; Burgos-Salcedo, 
J; Hochberg, D; Ribó, JM; Bargueño, P; and Salamanca, AE, PHYSICAL CHEMISTRY CHEMICAL PHYSICS 24 (35) 2022, 
pp.20788-20802

Figure 3. Dynamic behavior of the Kondepudi-Nelson-Strecker model under an initial tiny enantiomeric 
excess. The stochastic fluctuations in eeflu are 1.427 x 10-10. System reaches 100% homochirality after 
approximately 320,000 dimensionless time steps.
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RH3: The emergence of interstellar molecular complexity explained by interacting networks. 

This work introduces the computational framework NetWorld to address how fruitful can complexity theory and network 
science be to disentangle the origin of the building blocks of life and their role in the long way from astrochemistry to biology. 
In our model, complex networks simulate interacting chemical compounds, and we describe the emergence of a transition 
from simple networks that mimic the most basic initial molecular ensembles towards chemical complexity when the parameter 
representing the environment reaches a critical value. Our results, while obtained in an abstract context that is totally different 
to that of real chemistry, predict the evolution of chemical complexity in the interstellar medium, proving the applicability of the 
conceptual scenario here presented and suggesting that the rules leading to the emergence of complexity may be universal. 
For more details, see M García-Sánchez (Univ. Comillas), I Jiménez-Serra (CAB), F Puente-Sánchez (Univ. Uppsala) and J 
Aguirre, PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES 119 (30) e2119734119 (2022). Objectives O2.1, O5.6.

Figure 3 Dynamic behavior of the Kondepudi-Nelson-Strecker model under an initial tiny enantiomeric excess. The stochastic 
fluctuations in eeflu are 1.427 x 10-10. System reaches 100% homochirality after approximately 320,000 dimensionless time 
steps.

Figure 4. The figure sketches the connection between network science and astrochemistry that we introduced 
to explain the emergence of chemical complexity in the interstellar medium. With this work, we argue that the 
properties that condition the extremely complex journey from the chemistry in space to prebiotic chemistry and 
finally to life could show simple and universal patterns.
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RH4: Journeying through our understanding of evolutionary fitness landscapes

In the field of evolutionary biology, fitness landscapes serve as essential tools for visualizing the relationship between geno-
types and reproductive success, or fitness. Fitness landscapes were described almost a century ago as smooth surfaces 
with peaks and valleys that are difficult to navigate. Now, more realistic high-dimensional genotype-phenotype maps show 
that fitness maxima can be reached from almost any other phenotype while avoiding fitness valleys, which are very rare. 
This means that life can find a way to survive even in the face of drastic changes to the environment.

In this work, we review the extensive literature that has focused on understanding genotype-phenotype maps, resulting in 
a constant updating of the seminal interpretation of fitness landscapes. Specifically, we aim to convey to the next genera-
tion of scientists that they will need to work with fitness landscapes that are far more complex than they were taught. For 
more information, see J Aguirre, NATURE ECOLOGY & EVOLUTION 6, 1599 (2022). Objective O5.6.

Figure 5. This figure illustrates the evolution of fitness landscapes from Wright’s era to the 
present day. In traditional low-dimensional fitness landscapes, genotypes are required to 
cross deep valleys to reach the global maxima of fitness, and there is a significant risk of 
extinction. However, in the multidimensional, networked, and extremely complex realistic 
fitness landscapes, navigation for evolution is much easier, allowing life to find a way.
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RH5: Study of the increase of complexity from the origin of life to the present biosphere. 

In this ongoing line of research we are focusing on three systems of different nature and scale: 

1. 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). Objectives O2.1, O5.6.

2. A complexity theory approach to prebiotic chemistry in the early Earth: towards the first RNA replication. We 
combine the mathematical modeling of complex systems with the RNA biochemistry to develop a computational model to 
study the possible first replication of RNA molecules located in an appropriate environment of the early Earth, and how it could 
depend on the parameters of the system (RNA length, size of genetic alphabet, strength of chemical bonds and probability of 
rupture, environmental conditions, etc.) In collaboration with Carlos Briones (CAB). Objectives O5.5, O5.6.

3. Complexity in the present biosphere: 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 believe that this approach can complement more 
standard analytical approaches for quantitative temporal viromics, and provide useful insights. In collaboration with Raúl Guan-
tes (UAM). Objectives O5.5 and O5.6.

RH6: Exploring functional silica nanoparticles as suitable for CO2 detection and storage, under well 
controlled experimental Martian conditions.

It is crucial to develop different methods for CO2 sequestration or detection to improve solid sorbent capabilities (NPs). To this 
end, the surface of 200-nm silica nanoparticles (SiO2NPs) was covalently anchored with aminated ligands, 3-aminopropyltrie-
thoxysilane (APTES), poly(amidoamine) dendrimers (PAMAM) and a short peptide comprising two lysine units, aiming for CO2 
adsorption over a wide range of pressures. Our goal was to explore the influence of functional chemical groups (attached to 
the SiO2NPs) on CO2 sequestration under planetary simulation conditions. The observed results showed that at low and high 
CO2 gas pressure conditions, typical APTES functionalized SiO2Np surpassed the CO2 adsorption capacities of dendritic and 
peptide-based nanoparticles bearing amine-polymer functionalities, a remarkable effect that was investigated in this work. For 
further information see E. J. Cueto Díaz, F. Suárez García, S. Galvez Martinez, M. P. Valles and E. Mateo-Martí. Reactive and 
Functional Polymers, 170 (2022) 105100 (DOI: 10.1016/j.reactfunctpolym.2021.105100)

Figure 6. Functional silica 
nanoparticles for CO2 
adsorption inside PASC and 
their characterization by 

surface science techniques. 
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RH7: Exploring Raman molecular/mineral spectroscopic fingerprints under Mars conditions.

In this work, we studied the dehydration process of the glycine-MgSO4.5H2O complex under Mars-relevant conditions (99% 
CO2 and 0.6% H2O under UV irradiation exposure at 7 mbar pressure and high vacuum conditions: 8×10-5 mbar and 5×10-5 
mbar) by in situ Raman spectroscopy inside a planetary atmosphere and surface chamber (PASC). This work provides quality 
Raman spectra taken under simulated planetary conditions (to be integrated in a database), as Raman spectroscopy forms 
part of the current and upcoming NASA and ESA Mars planetary missions. The results demonstrate that Raman spectrosco-
py can be used to calculate rates of dehydration of the glycine-MgSO4 5H2O compound to study the chemical stability with 
respect to photodecomposition 1) of metal-bound glycine molecules forming the complex and 2) glycine expelled from the 
complex, both under Mars-simulated conditions; finally, Raman spectroscopy can also be used to quantify intermolecular inte-
ractions in terms of local pressures. Importantly, advanced detection of water molecules as part of a complex with astrobiolo-
gical interest under planetary conditions plays a crucial role in planetary missions. For more information see (1) L.J. Bonales, N. 
Rodriguez, M. Fernandez-Sampedro and E. Mateo-Martí. Journal of Raman Spectroscopy, 53, 724-734 (2022)( DOI: 10.1002/
jrs.6301) and (2) L. J. Bonales and E. Mateo-Martí. Astrobiology, 22,1, 75-86 (2022) (https://doi.org/ 10.1089/ast.2021.0048)).

Figure 7. Time evolution of in situ Raman spectra of A: glycine, B: MgSO4·7H2O and C: Gly.MgSO4·5H2O at 7 mbar pressure of 99 % CO2 
and 0.6% H2O and room temperature along 0-24 hours, Mars-relevant simulated conditions inside PASC.
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RH8: Developing biosensors inspired by prebiotic chemistry

HCN-derived polymers have recently attracted considerable attention due to their promising applications as multifunctional 
materials. This study, inspired by plausible early Earth geochemical conditions, describes a strategy to synthesize them from 
the self-initiated thermal bulk polymerization of the HCN tetramer, diaminomaleonitrile (DAMN), with outstanding sensing pro-
perties. These conjugated polymers were obtained through noncatalysed and simple isothermal reactions at 170º C in the 
solid-state, and experiments at 190º C permitted polymerization in the melt. Both processes are highly efficient, allowing quan-
titative yields of the end products. The conductivity properties of both polymers were explored to show their high potential, es-
pecially DAMN polymers synthesized in melt, as nonenzymatic peroxide sensors. This novel application for this new HCN-de-
rived polymeric film shows the huge unexplored potential of these complex bidimensional conjugated C-N networks, whose 
properties are directly and markedly dependent on the reaction conditions used for their production. We selected hydrogen 
peroxide because of its importance in the development of electrochemical biosensors that include oxidase enzymes. Hydro-
gen peroxide is produced in the biochemical reactions catalysed by these enzymes during the oxidation of the corresponding 
substrates, and their determination is a way of indirect determination of substrates such as glucose or xanthine. In addition, 
hydrogen peroxide degradation can be considered a potential method for the identification of bioorganics in extraterrestrial 
bodies, and from a prebiotic chemistry point of view H2O2 decomposition can be a significant biological redox reaction useful 
for studying the possible catalytic activity of protoenzymes. This study demonstrates the robust and straightforward character 
of the DAMN thermally activated polymerizations, which are of interest to chemical evolution research and to current materials 
and surface science. For more information see: Ruiz-Bermejo, M.; García-Armada, P.; Mateo-Martí, E.; de la Fuente, J. L. 
HCN-derived polymers from thermally induced polymerization of diaminomaleonitrile: A non-enzymatic peroxide sensor based 
on prebiotic chemistry. Eur. Polym. J. 2022, 162, 110897. https://doi.org/10.1016/j.eurpolymj.2021.11089 ➛

Modified electrodes by DAMN polymers are highly competitive as it showed in the figure. Cathodic 
hydrogen peroxide calibration plot obtained at Pt electrodes modified with a DAMN polymer at -0.3 V 
vs. SCERH9: Prebiotic semiconducting particles
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➛ The polymers based on diaminomaleonitrile (DAMN polymers) are a special group within an extensive set of complex 
substances, namely HCN polymers (DAMN is the formal tetramer of the HCN), which currently present a growing interest in 
materials science. Recently, the thermal polymerizability of DAMN has been reported, both in an aqueous medium and in bulk, 
offering the potential for the development of capacitors and biosensors (RH1), respectively. In the present work, the polyme-
rization of this plausible prebiotic molecule was hydrothermally explored using microwave radiation (MWR) via the heating 
of aqueous DAMN suspensions at 170–190°C. In this way, polymeric nanoparticles derived from DAMN were obtained for 
the first time. The structural, thermal decomposition, and electrochemical properties were also deeply evaluated. The redox 
behavior was characterized from DMSO solutions of these highly conjugated macromolecular systems and their potential as 
semiconductors was described. As a result, new semiconducting polymeric nanoparticles were synthetized using a very fast, 
easy, highly robust, and green solvent process. These results show a new example of the great potential of the polymerization 
assisted by MWR associated with the HCN-derived polymers, which has a dual interest both in chemical evolution and as 
functional materials. 

Classically, HCN polymers have been considered preferential prebiotic precursors of biomonomers (RH3) and theDAMN as a 
key intermediate in the oligomerization/polymerization of HCN. Beyond the interest in the generation of organics with biological 
applications, it was shown in this work that DAMN under the simulated conditions of plausible prebiotic-subaerial-hydrothermal 
environments (high temperatures, relatively high pressure, and a lack of oxygen) lead to the generation of semiconducting na-
noparticles, which could notably enrich the chemical space and enable the discovery of new protobiological reaction networks 
due to their potential as catalyzers and photocatalyzers. These results are especially interesting when considering the hypothe-
sis about the role of hydrothermal scenarios as good niches for the origins of life or at least for the advancement of molecular 
complexity. For more information: Ruiz-Bermejo, M.; García-Armada, P.; Valles, P.; de la Fuente, J. L. Semiconducting soft 
submicron particles from the microwave-driven polymerization of diaminomaleonitrile. Polymers 2022, 14, 3460.

Figure 9. Nanoparticles from the hydrothermal polymerization of DAMN presenting redox activity and semiconductive properties.
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RH10: The potential role of the alkaline hydrothermal systems in the arose of a plausible pre-RNA world 

In this work, the potential of alkaline hydrothermal environments for the synthesis of possible ancestral pre-RNA nucleobases 
using cyanide as a primary source of carbon and nitrogen was described. Water cyanide polymerizations were assisted by 
microwave radiation to obtain high temperature and a relatively high pressure (MWR, 180 °C, 15 bar) and were also carried out 
using a conventional thermal system (CTS, 80 °C, 1 bar) to simulate subaerial and aerial hydrothermal conditions, respectively, 
on the early Earth. For these syntheses, the initial concentration of cyanide and the diffusion effects were studied. In addition, 
it is well known that hydrolysis conditions are directly related to the amount and diversity of organic molecules released from 
cyanide polymers. Thus, as a first step, we studied the effect of several hydrolysis procedures, generally used in prebiotic 
chemistry, on some of the potential pre-RNA nucleobases of interest, together with some of their isomers and/or deamination 
products, also presumably formed in these complex reactions. The results show that the alkaline hydrothermal scenarios with 
a relatively constant pH are good geological scenarios for the generation of noncanonical nucleobases using cyanide as a pre-
biotic precursor. For more information see: Pérez-Fernández, C.; Vega, J.; Rayo-Pizarroso, P.; Mateo-Martí, E.; Ruiz-Bermejo, 
M. Prebiotic synthesis of noncanonical nucleobases under plausible alkaline hydrothermal conditions. Sci. Reports 2022, 12, 
15140. https://doi.org/10.1038/s41598-022-19474-0;

Figure 10. Main products obtained by cyanide polymerizations under simulated hydrothermal conditions. 
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Experimental evolution studies with viruses and microorganisms

Summary

This group contributes to objective 5 (O5) of Center Stra-
tegic Plan. In order to understand how life has diversified 
since its origin, it is necessary to know the basic principles 
that drive adaptation to different environments. In this sense, 
the re-creation of evolutionary processes in the laboratory, 
using simple organisms that evolve rapidly under controlled 
conditions, has allowed great advances in the identification 
of relationships between environmental parameters, genetic 
changes and specific adaptations. 

Our experimental system is bacteriophage Qσ, a lytic virus 
that infects the bacterium Escherichia coli using as receptor 
the conjugative F pilus. It has a single-stranded, positive-sen-
se RNA genome of 4217 nucleotides that encodes four pro-

teins: A2 or maturation protein, which is present in a single 
copy and mediates phage binding to the bacterial pili, pene-
tration of the viral genome and cell lysis; coat protein, which 
is the major capsid protein; A1 or the minor capsid protein, 
which is produced occasionally when the stop codon of the 
capsid protein is read as tryptophan; and the replicase that 
copies the RNA genome. Evolutionary experiments carried 
out in our group are usually focused on analyzing the geno-
typic and phenotypic changes experienced by Qσ when it is 
propagated under the particular conditions whose influence 
on evolution we want to analyze. The following research hi-
ghlights exemplify the most relevant investigations and re-
sults in the group.

Group coordinator: Ester Lázaro

Technician: María Arribas
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RH1: Adaptation of viruses to low host density at optimal and suboptimal temperatures

Host density is one of the main factors affecting the infective capacity of viruses. When host density is low, it is more difficult 
for the virus to find a susceptible cell, which increases its probability of being damaged by the physicochemical agents of the 
environment. Nevertheless, viruses can adapt to variations in host density through different strategies that depend on the par-
ticular characteristics of the life cycle of each virus. We found that, at optimal temperature (37 °C) and lower-than-optimal bac-
terial density, bacteriophage Qβ increased its capacity to penetrate into the bacteria through a mutation in the minority capsid 
protein (A1) that is not described to interact with the cell receptor (Laguna-Castro and Lázaro 2022). The same mutation was 
selected when temperature was decreased to 30 °C. However, when temperature increased to 43 °C, the mutation selected 
was located in a different protein (A2), which is involved both in the interaction with the cell receptor and in the process of viral 
progeny release. The new mutation also increased phage entry into bacteria at the three temperatures assayed. However, it 
also considerably increased the latent period at 30 °C and 37 °C. The conclusion is that the adaptive strategies followed by 
bacteriophage Qβ, and probably other viruses, in the face of variations in host density depend on the balance between advan-
tages and fitness costs, which can change as a function of other environmental parameters. 

Research Highlights (RH) 2022

Figure. Illustration showing the attachment of bacteriophage Qβ to the host receptor. Our proposal is that protein 
A1 provides primary binding sites to the pilus. Then, the pilus retracts, allowing interaction of A2 protein with the 
channel that traverses the membrane at the basis of the pilus. Only the complex formed by A2 and viral genomic 
RNA penetrates into the cytoplasm. Figure taken from ViralZone (Swiss Institute of Bioinformatics).
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RH2: Genotype-to-Protein Map and Collective Adaptation in a Viral Population

Despite the evolutionary relevance of the heterogeneity of RNA virus populations, statistical approaches to quantifying the ex-
tent to which viruses maintain a high genotypic and/or phenotypic diversity have been rarely pursued. We have addressed this 
issue by analyzing a nucleotide-to-protein sequence map through deep sequencing of populations of the bacteriophage Qσ 
adapted to high temperatures. Tens of thousands of different sequences corresponding to two fragments of the gene coding 
for the viral replicase were recovered. A diversity analysis of two independent populations consistently revealed that about 40 
% of the mutations identified caused changes in protein amino acids, leading to an almost complete exploration of the protein 
neighborhood of (non-silent) mutants at a distance of one (Villanueva et al., 2022). The functional form of the empirical distribu-
tion of phenotype abundance agreed with analytical calculations that assumed random mutations in the nucleotide sequence. 
Our results concur with the idea that viral populations maintain a high diversity as an efficient adaptive mechanism and support 
the hypothesis of universality for a lognormal distribution of phenotype abundances in biologically meaningful genotype–phe-
notype maps, highlighting the relevance of entropic effects in molecular evolution.

Figure. Changes in protein stability for evolved and randomly mutated sequences. The panels show a histogram of changes in folding 
energy for the two amplicons studied and three different sets of sequences, as indicated. From top to bottom, the distributions correspond 
to populations evolved from two different ancestors differing in their diversity (P2 or P25), and 1000 sequences with two (on average) amino 
acid substitutions at random positions. Mean values are indicated with a dashed line.
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RH3: Review on the relevance of viruses in astrobiology

Despite that viruses are the most abundant biological entities on Earth, they have not received enough consideration in as-
trobiology. Viruses are also extraordinarily diverse, which is evident in the types of relationships they establish with their host, 
their strategies to store and replicate their genetic information and the enormous diversity of genes they contain. The fact that 
viruses always need cellular resources to multiply means that they establish very close interactions with cells. Although in the 
short term these relationships may appear to be negative for life, it is evident that they can be beneficial in the long term. Viruses 
are one of the most powerful selective pressures that exist, accelerating the evolution of defense mechanisms in the cellular 
world. They can also exchange genetic material with the host during the infection process, providing organisms with capacities 
that favor the colonization of new ecological niches or confer an advantage over competitors, just to cite a few examples. In 
addition, viruses have a relevant participation in the biogeochemical cycles of our planet, contributing to the recycling of the 
matter necessary for the maintenance of life. Therefore, although viruses have traditionally been excluded from the tree of life, 
the structure of this tree is largely the result of the interactions that have been established throughout the intertwined history 
of the cellular and the viral worlds. 

Figure. Organization and Diversity of the Virosphere. Here, we represent the six virus realms in the middle 
circle, as they emerge from an ancestral RNA-recognition motif (RRM) in the center. The roman numbers 
indicate the nature of the packaged nucleic acid according to the Baltimore classification scheme, where 
blue numbers represent DNA and red numbers RNA. 
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Molecular Evolution, RNA World and Biosensors

Summary

This research group contributes to objectives O2, O4, O5 
and O6 of CAB’s Strategic Plan by addressing the following 
questions: i) Collaboration with the Astrochemistry group in 
the search for and characterization of molecular precursors 
of the RNA world in the interstellar medium; ii) Development 
of experimental approaches to abiotically polymerize ribonu-
cleotides in mineral-water interfaces (including clay minerals) 
and other complex media, in the framework of our research 
in prebiotic systems chemistry; iii) Characterization of the dy-
namics and evolution of RNA virus quasispecies under di-

fferent selective pressures; iv) In vitro selection of RNA and 
DNA aptamers against different molecular targets, including 
low molecular weight biomolecules, astrobiologically-relevant 
peptides and proteins, and viral proteins; v) Development of 
ultrasensitive, aptamer-based biosensors with applications in 
biotechnology and astrobiology; vi) Collaboration with other 
CAB groups for the characterization of biodiversity in the Río 
Tinto subsurface.

The following research highlights exemplify the most relevant 
investigations and results of the group during 2022.

Group coordinator: Carlos Briones Llorente

Senior Researchers

Yolanda Blanco López

Technicians

María Fernández Algar
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RH1: Development of experimental systems for abiotic polymerization of ribonucleotides on clays

One of the research lines of this group focuses on investigating the chemical processes that could lead to the establishment of 
the RNA World, following a prebiotic systems chemistry perspective. In 2022, in collaboration with the group of Andrés de la 
Escosura (UAM), we have optimized and tested experimental systems for the abiotic polymerization of RNA oligonucleotides. 
This was achieved by using cyclic phosphate-containing monomers (and their mixtures) and various clay minerals as catalytic 
substrates. We conducted these experiments at different pH levels and ionic strengths in order to investigate their influence on 
the polymerization process. To analyze the results of the polymerizations we set up the Agilent Bioanalyzer 2100 with the Small 
RNA Chips, as a screening system prior to the use of HPLC and mass spectrometry. The results of this work will be published 
in the coming months.

Research Highlights (RH) 2022

Result of one of the ribonucleotide polymerization experiments on clays, visualized on the Agilent Bioanalyzer 2100.
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RH2: Evolution of virus RNA quasispecies under different selective pressures

RNA virus quasispecies serve as suitable models for studying the population dynamics during the RNA World. The replication 
of RNA viruses is characterized by exploring a broad sequence space, enabling their adaptation to changing environments. 
Additionally, modifications in population size can further enhance diversification. Over the past years, we have collaborated 
with the research groups led by Esteban Domingo (CBMSO, CSIC-UAM, Madrid) and Jordi Gómez (IPBLN, CSIC, Granada) 
to investigate quasispecies dynamics using various RNA viruses as model systems. 

In 2022, our research work using hepatitis C virus (HCV) as a model system has been focused on the concept of ‘mild muta-
gens’, which was coined to describe a minor mutagenic activity exhibited by some nucleoside analogues that potentiate the 
efficacy of antiretroviral agents (Martínez-González et al., in press). In parallel, we have delved deeper into the use of certain 
RNA virus sequences and activities as ‘archaeological tools’ to unveil ancient molecular relationships that may have existed in 
the RNA world. Such identified RNA elements could have evolved as biological signals with significant structural and functional 
relevance, though they had to coexist with the standard coding information of nucleic acid molecules that were established 
during the RNA/protein world (Ariza-Mateos et al., in press).

Diversity indices of mutant spectra of HCV populations in absence or presence of a mild mutagen (Martínez-González et 
al., in press).
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RH3: In vitro selection of RNA and DNA aptamers against molecular targets relevant in biotechnology and 
astrobiology. Application to the development of aptamer-based biosensors

We have previously established and refined various systems for the in vitro selection and evolution of RNA and DNA molecules, 
with a specific focus on generating aptamers against diverse targets of interest in the fields of biotechnology and astrobiology. 
During 2022, our efforts were dedicated to characterizing DNA aptamers targeting conserved peptides found in metal-binding 
proteins. These aptamers hold significant potential for the development of biosensors capable of detecting biomarkers in ex-
treme environments, useful in planetary exploration (Blanco et al., in preparation). 

Also, we have completed the functional characterization of high affinity RNA and DNA aptamers against six different variants 
of HCV core protein: two versions of the full-length protein of genotype 1, and the hydrophilic domain of genotypes 1 to 4. 
A group of aptamers with nanomolar or subnanomolar Kd values were the common outcome of DNA and RNA selections 
against different HCV core variants. They were tested in sandwich and competitive, ELONA-based biosensor assays, reaching 
a limit of detection for HCV core of 2 pM. Additionally, the two most prevalent and high affinity aptamers decreased the viral 
progeny titer and the extracellular viral RNA level, while increasing the amount of intracellular viral RNA in HCV cell culture (To-
rres-Vázquez et al., 2022). 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 anti-HCVcore aptamer which exhibits the highest affinity and specificity for its target has been 
used as a molecular probe in the development of graphene-based aptasensors. These aptasensors demonstrate remarkable 
attomolar (10-18 M) sensitivity for detecting the viral protein (Palacio et al., 2023). 

Colorimetric, ELONA-based biosensing formats used to functionally characterize anti-HCVcore aptamers, 
with applicability to other molecular targets relevant in biotechnology and astrobiology: indirect, sandwich and 
competitive (Torres-Vázquez et al., 2022).
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Microbial Diversity

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 con-
ditions”, of Center Strategic Plan by addressing the question 

of how metabolic diversity has occurred as well as its mole-
cular adaptations to the extreme environmental physicoche-
mical parameters. The following research highlights exempli-
fy the most relevant investigations and results in the group.

Group coordinator: Ángeles Aguilera Bazán

Senior Researchers

Cristina Cid Sánchez

Elena González-Toril

Technicians

Graciela de Diego

Eva García López

Thalia Parro Dávila
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RH1: The cycle of aerosols on Mars and Earth, a comparative study. Implications for life and planetary 
protection (CAMELIA_MICRO). 

The purpose of this project is to investigate the atmospheric dispersal of mineral aerosols, organics and bioburden through the 
atmosphere of Mars, and then also on the atmosphere and surface of Earth, to provide an analogy case. Specific goals are: a) 
Study of the biodiversity and microbial dispersion associated to Saharan dust intrusions, b) Molecular mechanisms of resistan-
ce to ultraviolet radiation. Analysis of the potential protective role of dust. Molecular mechanisms activated when exposed to 
Martian conditions on Mars and space environment Simulation Chambers, c) Isolation of microorganisms from clean rooms of 
spacecraft assembly. Molecular mechanisms activated when exposed to Martian conditions on Mars and space environment 
Simulation Chambers. We already produce a database of the atmospheric microbial diversity obtained from sampling in diffe-
rent meteorological situations, and seasons of Saharan intrusion and non-intrusion. In addition, we have a culture collection of 
microorganisms isolated during Saharan intrusions, isolates from clean rooms and isolates from the stratosphere. The resis-
tance of the microorganisms to different extreme conditions, including those of the Martian atmosphere, are being carried out.

Research Highlights (RH) 2022

Fig. 1. Workflow in the analysis of atmospheric ecology.
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RH2 Bacterial molecular machinery in Martian conditions (CAMELIA-MICRO)

The exploration of Mars is one of the main objectives of space missions since the red planet is considered to be, or was in the 
past, potentially habitable. Until now, experiments have been carried out on the survival of microorganisms in Martian condi-
tions, but it remains unknown how their adaptation mechanisms are to these harsh environmental conditions (Garcia-Descalzo 
et al., 2022). In this work, two bacterial species were subjected to Martian conditions using a planetary simulation chamber. 
Afterward, the molecular machinery of both species was studied to investigate how they had been modified. These results are 
especially important due to their implications for planetary protection, missions to Mars and sample return since contamination 
by microorganisms would invalidate the results of these investigations.

RH3: Microbial ecosystem in the perennial ice from ice caves (ORCHESTRA)

Over the last years, perennial ice deposits located within caves have awakened interest as places to study microbial commu-
nities since they represent unique cryospheric archives of climate change. Since the beginning of the twentieth century, the 
temperature has gradually increased, and it is estimated that by the end of this century the increase in average temperature 
could be around 4ºC. In this context of global warming the ice deposits of the Pyrenean caves are undergoing a significant re-
gression. These types of caves house microbial communities which have so far been barely explored, and therefore their study 
is necessary. In this work, the microbial communities of the Pyrenean ice cave A294 were identified using metabarcoding tech-
niques. In addition, research work was carried out to analyze how the age and composition of the ice affect the composition of 
the bacterial and microeukaryotic populations. Finally, the in vivo effect of climate change on the cellular machinery that allow 
microorganisms to live with increasing temperatures has been studied using proteomic techniques (Ruiz-Blas et al., 2023)

Fig. 2. Model of the metabolic potentials between dominant microorganisms in the ice cave.



Annual Report 2022

77

Research Highlights 2022

Molecular Evolution

RH4: Endolithic microorganisms in Antarctic volcanic rocks

The volcanic Antarctic environment is an excellent analogue of the icy worlds of the solar system.

The most active volcanic islands in Antarctica, constitute a wasteland of ice and rock formed by pyroclasts, such as ash, lapilli 
and other volcanic debris. The combination of all these factors 

Fig. 3. Scanning electron microscopy images of endolithic microorganisms in Antarctic volcanic rocks.

makes the microbial community that inhabits the area unique and worthy of study. This work studied the composition of the 
microbial community living on Antarctic volcanic rocks and their survival mechanisms, and analyzed them as a possible model 
for astrobiological exploration, especially focusing on the bacteria and microeukaryotes that live inside the volcanic rocks.
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RH5: Microbiological Control in the Formation of Mineral Deposits (MINLIFE)

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 vol-
canogenic 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 sul-
fate-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.

Fig. TEM micrograph of bacilli found in the mineral cementation zone at Las Cruces mine.
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Group coordinator:  José Eduardo González-Pastor

Molecular Mechanisms Of Biological Adaptation

Senior Researchers

Salvador Mirete Castañeda

Posdoctorals

Patricia de Francisco Martínez

Technicians

Carolina González de Figueras PhD

Summary

Microorganisms that inhabit extreme environments (extremo-
philes), 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 
specifically those that thrive in hypersaline environments consi-
dered analogous to Mars and icy satellites such as Europa (Ju-
piter) and Enceladus (Saturn) (contribution to objectives O3.2 
and O5.6 of CAB Strategic Plan). A major problem is that a 
high percentage of environmental microorganisms cannot be 
cultivated or there are no molecular tools for their genetic ma-
nipulation, and therefore their study is impossible. Thus, this 
group is using culture independent techniques, such as me-
tagenomic sequencing, functional metagenomics and meta-
transcriptomics, which allow access to the genetic information 

of all the microorganisms present in a certain environmental 
sample, and then be able to study their adaptation strategies 
to extreme conditions. In addition, they are also exploring the 
design of microorganisms and plants that are more resistant 
to the conditions of space or other planetary bodies, by ex-
pressing in them resistance genes isolated from extremophiles 
(contribution to O5.7 of the Strategic Plan). 

Currently, this group is researching in: i) molecular mechanis-
ms of adaptation to salt, 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 UV and acid resistance genes in the plant Ara-
bidopsis thaliana. The following research highlights exemplify 
the most relevant investigations and results in the group.

DNA-containing extracellular vesicles 
produced by the extreme halophilic 
archaea Haloquadratum walsbyi
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RH1: tRNA modifications regulate salt adaptation in extreme halophilic archaea, and affect the 
functionality of microbiomes

It is thought that perchlorate may promote the formation of perchlorate-rich salt liquid brines on Mars, which could be niches 
for extreme halophilic microorganisms. In previous studies, we identified several molecular mechanisms that confer tolerance 
to perchlorate in extreme halophilic archaea, such as tRNA modifications, and we observed that these mechanisms may also 
increase the tolerance towards low salinity conditions. We have analyzed the role of the tRNA modification archaeosine, which 
reduced both perchlorate and low salinity tolerance when its biosynthesis was increased (Figure 1). Therefore, we propose 
archaeosine modification as a novel mechanism that regulates adaptation to salinity in halophilic archaea.

Research Highlights 2022

Fig. 1. Growth curve of Haloferax volcanii overexpressing archaeosine synthase gene (red) or harboring 
empty plasmid (black) incubated in YPC medium at 42 °C, at standard salinity (2.4 M NaCl) or in low 
salinity conditions (1.5 M NaCl).

In a second project, we studied the role of queuosine (Q), another tRNA modification present in bacteria and eukaryotes. We 
proposed tRNA Q-modification as a new mechanism that regulates adhesion, biofilm formation and virulence in bacteria. Q 
availability would depend on the bacterial species that form a microbial community. We observed that certain species produ-
ce Q (Q-sources) or use the Q produced by other bacteria (Q-sinks). Considering the relevance of Q in adhesion and biofilm 
formation, the functionality of a microbiome would be conditioned by an adequate balance between Q-source and Q-sink 
populations. Alterations in this balance would affect the Q availability and thus the dysregulation of Q-related processes in a 
microbiome.
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RH2: Study of the effect of light and dark on gene expression in Salinibacter ruber 

Previous results of the effect of day and night cycles on gene expression from hyperhalophilic microbial communities revealed 
an opposite night-day expression gene pattern between Salinibacter ruber (Sal. ruber) and Haloquadratum walsbyi (Hqr. wal-
sbyi), as well as a decrease on Sal. ruber growth under light exposition. According to these results, a new transcriptomic analy-
sis were carried out in order to study light and dark effect on Sal. ruber in laboratory conditions, eliminating natural competition. 
For this purpose, multiple cultures of Sal. ruber were grown under constant light and dark conditions, and samples were taken 
at 8 and 24 hours of growth. RNA was extracted from the samples, converted to cDNA and sequenced (RNA seq). Genes with 
differential expression were identified and classified in COG Groups (Figure 2). We observed that Sal. ruber grows better and 
faster under constant dark conditions, with a high number of genes induced at 8h of growth, and stabilisation of major func-
tions at 24h. However, an increase in induction could also be observed at 24h after exposure to constant light, suggesting that 
Sal. ruber is able to activate its main metabolic functions in the presence of light. This may be due to decreased competition 
with other microorganisms such as Hqr. walsbyi under adverse conditions, which enables its growth, albeit at a slower rate.

Fig. 2. Functional profile 
of dark and light induced 
genes at 8 hours and 24 
hours in Salinibacter ruber 
based on COG categories. 
Data represented as a 
percentage of significantly 
induced genes out of 
the total genes of each 
functional category. The 
standardization was 
performed as the number 
of genes differentially 
expressed assigned to 
each COG category 
divided by the total 
number of genes assigned 
to each COG.
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RH3: Characterization of DNA vesicles produced by Haloquadratum walsbyi cultures

Haloquadratum walsbyi is a hyperhalophilic archaeon first discovered in the early 1980s in a coastal brine of the Sinai Peninsula 
(Egypt). This novel organism has been reported as the most abundant microorganism in these extreme hypersaline habitats 
and its square cell shape is really characteristic. Using fluorescence microscopy, we observed that, when cultures of the 
strain DSM16790 were entering into stationary phase (A600nm= 0.16-0.22), many particles much smaller than cells started 
to appear, which intensely stained with green fluorescence using the bacterial viability kit LIVE/DEAD™ BacLight™ Invitrogen 
(Figure 3), suggesting that they contain genetic material protected by a functional membrane. Transmission electron microsco-
pe revealed these particles were about 50 nm in diameter and potentially surrounded by membranes (Figure 3). Sequencing 
of their DNA showed that they contain both genomic and plasmidic DNA from Hqr. walsbyi. Proteomic analyses of EVs shows 
an apparent enrichment (when compared with the global proteome) in proteins implied in functions such as translation, energy 
production and conversion (including bacteriorhodopsins and electron transport chain proteins) and amino acid transport and 
metabolism. Also present are photolyases which protect DNA from ultraviolet radiation damage, FtsZ and homologues of Vps4 
proteins from Sulfolobus, which have been also detected before (and though to be key) in EVs produced by other Euryar-
chaeota. All these proteins could contribute to the maintenance of an active ‘metabolism’ in the vesicles and protection of their 
biological cargo. The presence of EVs produced by Hqr. walsbyi has also been detected indirectly in natural samples coming 
from Santa Pola salterns, in which this archaeon coinhabits with other microbial species. This suggests that their production is 
not a mere artefact of its growth under laboratory conditions and supports the possible biological relevance of the production 
of these vesicles. This phenomenon, undescribed until now for Hqr. walsbyi, seems to be related to cell density and we have 
detected it in both a natural strain isolated from Santa Pola salterns and in a collection strain (DSM 16790). Although the bio-
logical relevance of EVs was initially controversial, numerous recent studies highlight its involvement in multiple processes such 
as cell defense against virus, development of microbial communities that are resistant to different antibiotics and horizontal 
gene transfer processes, among other.

Fig. 3. Left: Fluorescent microscopy image of Haloquadratum walsbyi (DSM 16790) cells and vesicles labelled 
with Life/Dead staining. DNA from live cells and vesicles (small fluorescent dots) were labelled in green. Right: 
Transmission electron microscopy image of vesicles isolated from the culture.
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RH4: Cold plasma for surface sterilization and improvement of plant growth

Plasma is the fourth state of matter similar to the gaseous state but where most of the particles are ionized, so they are great 
electrical conductors, and have their own characteristics. In a joint project with the INTA Plasma laboratory (belonging to the 
Flight Physics Department) we are studying various uses:

1.- Germicidal action. Use of cleaning white rooms, material that is going to be sent into space or even cleaning the air and 
surfaces inside spacecraft in manned missions. We are demonstrating and improving the germicidal action of the cold plasma 
actuator developed at INTA so that it is capable of eliminating bacteria, spores and yeasts in the fastest and most efficient way 
possible with the least energy waste. (Figure 4A)

2.- Improvement of plant growth. 

a) Use of Plasma Activated Water (PAW). When plasma acts on water, like lightning in the sea, it produces nitrates, nitrites and 
other products that remain dissolved in it and can serve as fertilizer, improving the growth of hydroponic crops in which it is 
used as irrigation. (Figure 4B)

b) Direct use of plasma in plants. It is known that treatment with the plasma actuators in the early stages of plant development 
can favor their growth and eliminate fungi and bacteria from the seeds that could later affect them. In our case, we are studying 
whether this effect can be reproduced by doing the treatment in later stages of development and in a more continuous way 
(Figure 4C).

Fig. 4. A. Germicidal effect of cold plasma 
treatment on E. coli (DH10B). i) control without 
treatment; ii)  irradiated 15 min with plasma. 
B. Plants grown for 17 days irrigated with tap 
water with different percentages of water treated 
with double polarization plasma (0%, 50% and 
100%). C. Images at different times (1 day, 5 
days and 43 days) of the plants directly treated 
with plasma compared to the untreated control 
plants.
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RH5: Microbial diversity of a moderate salinity pond through a dilution and a concentration experiments

This ongoing study employs metagenomics and metatranscriptomic sequencing data in order to determine which salt adapta-
tion mechanisms were differentially expressed under two different conditions of salt stress. To this end, the same brine sample 
was used for two laboratory experiments and subsequent high-throughput RNA sequencing. A dilution experiment was per-
formed (denoted as BRAS2) where the salt sample was diluted from 12.4% to 7% and a concentration experiment (denoted 
as BRAS3) where the brine sample was concentrated from 12.4% to 17%.

The results obtained so far have revealed that as expected the bacterial fraction, rather than archaeal, accounts for a vast 
majority of the overall microbial diversity detected. We analyzed the microbial diversity at the phyla, genus and family levels of 
the genes expressed under both salt stresses. In both experiments, most of the significantly expressed genes (both induced 
and repressed) were related to the Rhodobacteraceae, an ecologically diverse alphaproteobacteria which thrives in marine 
environments (Figure 5). Further work is in process for deciphering the main functional adaptation mechanisms within the 
microbial population observed under these two conditions by using the Clusters of Orthologous Groups of proteins (COGs) 
analysis and comparative KEGG pathways.

Fig. 5. Microbial diversity of metagenomic and metatranscriptomic sequences at the family level observed within the proteobacteria in both 
experiments. In pale green is depicted the Rhodobacteraceae.
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Group coordinator: Victor Parro García

Biomolecules in Planetary Exploration

Senior Researchers

Mercedes Moreno-Paz

Posdoctorals

Laura Sánchez García

David Ruano Gallego

Technicians

Miriam García Villadangos

Miguel Ángel Lominchar

Summary

A multidisciplinary group devoted to investigating the micro-
bial metabolic potential and the preservation of molecular bio-
markers (in space and time) in terrestrial analog environments 
to others found in different planetary bodies. The experimen-
tal 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 phy-
sical 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: Iden-

tifying molecular biomarkers (lipids and proteins) associated 

with ancient and current terrestrial analog environments and 

their similarities with other worlds (O4.1); deciphering the mi-

crobial 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 sen-

sors for in situ molecular biomarker detection in planetary 

exploration and potential terrestrial applications (O6.4).
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RH1: Local calibration of lipid 
biomarker profiles along a 
hydrothermal transect to provide 
the template to interpret fossil 
records in ancient deposits 
analogous to Martian opaline 
silica structures.

Hydrothermal systems and their depo-
sits are primary targets in the search 
for fossil evidence of life beyond Earth. 
To learn how to decode fossil biomar-
ker records in ancient hydrothermal 
deposits, we must first be able to in-
terpret unambiguously modern biosig-
natures, their distribution patterns, and 
their association with physicochemical 
factors. We investigated the mole-
cular and isotopic profile of microbial 
biomarkers along a thermal gradient 
(from 29 to 72°C) in a hot spring (Ca-
cao) from El Tatio, a geyser field in the 
Chilean Andes with abundant opaline 
silica deposits resembling the nodu-
lar and digitate structures discove-
red on Mars. As a molecular forensic 
approach, we focused on the analysis 
of lipid compounds bearing recogni-
zed resistance to degradation and the 
potential to reconstruct the paleobio-
logy of an environment on a broader 
temporal scale than other, more labi-
le, biomolecules. By exploiting the li-
pid biomarkers’ potential to diagnose 
biological sources and carbon fixation 
pathways, we reconstructed the mi-
crobial community structure and its 
ecology along the Cacao hydrothermal 
transect. The taxonomic adscription of 
the lipid biomarkers was qualitatively 
corroborated with DNA sequencing 
analysis and provided a modern mo-
lecular and isotopic endmember to fa-
cilitate recognition of past biosources 
and metabolisms in fossilized counter-
parts (sinter deposits) (Megevand et 
al., 2022).

Ecological reconstruction of the microbial community distribution along a hydrothermal 
transect based on lipid biomarkers and DNA sequencing. 

Research Highlights 2022
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RH2: Integration of genetic, metaproteomic and lipid biomarker analyses to reconstruct taxonomic and 
metabolic traits of an ancient microbial mat from Antarctica.

Paleobiological reconstructions based on molecular fossils may be limited by degradation processes causing differential pre-
servation of biomolecules, the distinct taxonomic specificity of each biomolecule type, and analytical biases. A combination of 
analyses of DNA, proteins and lipid biomarkers using 16S and 18S rRNA gene metabarcoding, metaproteomics and lipid ex-
traction was used to reconstruct the taxonomic composition and metabolisms of a ~1,000 years-old desiccated microbial mat 
from the McMurdo Ice Shelf (MIS; Antarctica). The different lability, taxonomic resolution and analytical bias of each biomolecule 
type led to a distinct microbial community profile. DNA analysis showed selective preservation of DNA remnants from the most 
resistant taxa, whereas proteins revealed microorganisms missed by DNA sequencing, and showed a microbial composition 
similar to fresh microbial mats in the MIS. Lipids confirmed the presence of Cyanobacteria and suggested that of plant rem-
nants from a period in Antarctica when the climate was warmer (Mid-Miocene or Eocene). The combined analysis of the three 
biomolecule types also revealed diverse metabolisms that operated before the mat desiccation (Fig. XXB). Therefore, the joint 
analysis of DNA, proteins and lipids resulted in a powerful approach that improved taxonomic and metabolic reconstructions 
overcoming information gaps derived from using individual biomolecules types (Lezcano et al., 2022). ➛

Sketch of the temporal shifts and physical processes occurring in the MIS close to the coast of Bratina 
Island. Horizontal black arrows in the ice shelf indicate the sense and direction of the ice compression 
against the coast of Bratina Island that causes the undulation of the ice.



Annual Report 2022

88

Research Highlights 2022

Evolución Molecular

Reconstructive sketch of the biological composition and metabolisms that operated in the ancient 
microbial mat on the MIS before desiccation. (A) Temporal shift of the microbial mat from the 
hypothetical scenario of a fresh and photosynthetically active microbial mat ~1,000 years ago to the 
present desiccated state. (B) Reconstruction of the biological composition and metabolisms across a 
representative cross-section of the Bratina microbial mat.

 ➛
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RH3: Assessment of SOLID (Signs Of Life Detector) Sample Preparation Unit instrument as an Automated 
Nucleic Acid Extraction System for feeding the nanopore-based MinION DNA Sequencing

The utilization of nanopore technologies for the detection of organic biogenic compounds has garnered significant focus in re-
cent years. Oxford Nanopore Technologies’ (ONT) MinION instrument, which can detect and sequence nucleic acids (NAs), is 
one such example. These technologies have much promise for unambiguous life detection but require significant development 
in terms of methods for extraction and preparation of NAs for biosignature detection and their feasibility for use in astrobio-
logy-focused field missions. In this study, we tested pre-existing, automated, or semiautomated NA extraction technologies, 
coupled with automated ONT VolTRAX NA sample preparation, and verification with Nanopore MinION sequencing. All of the 
extraction systems tested (SuperFastPrep2, ClaremontX1, and SOLID-Sample Preparation Unit) showed potential for extrac-
ting DNA from Canadian High Arctic environments analogous to Mars, Europa, and Enceladus, which could subsequently be 
detected and sequenced with the MinION. However, they differed with regard to efficacy, yield, purity, and sequencing and 
annotation quality. We showed that the MinION could sequence unpurified DNA contained in crude cell lysates obtained from 
SOLID-SPU. This is valuable for planetary exploration because purification steps are time-consuming and complicate the re-
quirements for an automated extraction and life detection payload system. Our results indicated that SOLID-SPU can also be 
used for NA extraction, and with increased optimization and automation could be coupled to a larger platform incorporating 
nanopore detection and sequencing of NAs for life detection applications (Maggiori et al., 2022).

SOLID3.0 Sample Preparation Unit (SPU) showing its ten extraction cells (left) used for cell lysis for DNA preparation to feed MinION 
sequencing system. (right) a new Sample Delivery Module (SDM) prototype have been fabricated for receiving, dosing, and delivery to a 
single extraction cell.
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RH4: Mars-like UV Flux and Ionizing Radiation Differently Affect Biomarker Detectability in the Desert 
Cyanobacterium Chroococcidiopsis as Revealed by the Life Detector Chip Antibody Microarray. Minerals 
protect biomarkers.

The effect of a Mars-like UV flux and gamma-radiation on the detectability of biomarkers in dried cells of Chroococcidiopsis 
sp. CCMEE 029 was investigated using the SOLID-LDChip fluorescence sandwich microarray immunoassay. The production 
of anti-Chroococcidiopsis antibodies allowed the immunoidentification of a reduced, though still detectable, signal in dried 
cells mixed with phyllosilicatic and sulfatic Mars regolith simulants after exposure to 6.8 · 105 kJ/m2 of a Mars like UV flux. 
No signal was detected in dried cells that were not mixed with minerals after 1.4 · 105 kJ/m2. For gamma radiation (60Co), no 
detectable variations of the fluorescence signal occurred in dried cells exposed to 113 kGy compared to non-irradiated dried 
cells. Our results suggest that immunoassay-based techniques could be used to detect life tracers eventually present in the 
martian subsurface in freshly excavated materials only if shielded from solar UV. The preservation of the structural integrity of 
antibody target biomarkers irradiated with gamma radiation that mimics a dose accumulated in 13 Myr at 2 m depth from the 
martian surface, has implications for the potential detectability of similar organic molecules/compounds by future life-detection 
missions such as the ExoMars Rosalind Franklin rover (Billi et al., 2022).

Effect of a Mars-like UV flux on the immunoidentification of target compounds from Chroococcidiopsis sp. CCMEE 029 exposed to up to 
6.8 · 105 kJ/m2. The fluorescence intensity of the immunoassays of dried, irradiated cells was quantified and plotted as a function of non-
irradiated dried cells, corresponding to 100%. No-mineral: irradiated, dried cells not mixed with minerals (control). S: irradiated, dried cells 
mixed with S-MRS. P: irradiated, dried cells mixed with P-MRS. The average intensities of six spots corresponding to each printed antibody 
(K18, K19, K20, and K21) are shown.



Annual Report 2022

91

Research Highlights 2022

Molecular Evolution

RH5: Searching for biomarkers in the early stages of life on earth and in Mars analogs

Peptides and proteins have likely a fundamental role in biology due to they were probably key molecules involved in the origin 
of life on Earth. To explore the transition from abiotic to biotic chemistry of proteins we are searching for universal target biomo-
lecules as witnesses or remnants of a primitive complex pre-biochemical chemistry, such as i) hypothetical prebiotic primordial 
peptides; ii) well-conserved peptide sequences reported in secondary structures in proteins with relevant functions, and iii) 
ancestral proteins and/or peptides. We have produced antibodies and developed fluorescence immunoassays for recognizing 
peptides reported to be involved in the origin of proteins in the first stages of the origin of life on Earth. 

Also, we are developing experiments of prebiotic chemistry with the most abundant amino acids detected in meteorites and 
comets, and presumably 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 forma-
tion 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. Particularly, Polyclonal antibodies produced against ancestral resurrected thio-
redoxins and beta-lactamases were used for their detection in samples from El Tatio (Chilean Andes) early Earth hydrothermal 
environment analogue. These antibodies will finally implement the LDCHip with new probes to identify molecular biomarkers 
as proof for life in early Earth and Mars analogs as well as for future planetary exploration missions. 

A   B  

Examples of secondary structure of universal peptides highly conserved in 
nature. A) Peptide GDGDG involved in ATP binding and B) Beta-propeller 
peptide whose function varies based on the blade number is a universal peptide 
involved in motifs relevant in proteins.
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Didymos and its small moon Dimorphos system Credit NASA, DART mission
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department of
Heads of Department: Felipe Gómez Gómez

In memoriam:  
Jose Valentin Mauri Guevara and Laura García Descalzo

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 scienc and operations), 
ESA’s ExoMars, and JAXA’s MMX to martian moons.  We 
have two scientists as members of the 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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Group coordinator: Olga Prieto Ballesteros

This group contributes to the objectives O3, O4, O5 and O6 
of the Strategic plan by investigating the Solar system bo-
dies: (i) Participating in the science exploitation of space mis-
sions 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), 
and the Ocean Worlds of the Solar System (JUICE). (ii) Per-
forming laboratory experiments and field work that resulted 
to the characterization of fluid environments of icy worlds, 
determine the presence of biosignature in extreme environ-
ments such as cold seeps or geothermal regions studying 

how lipids biomarkers and their stable isotopic composition 

can give us unequivocal information about the presence of 

life (extinct or extant) in the Solar System and exoplanets. 

(iii) Modeling geological processes that affect the evolution 

of planetary environments, such as the formation of deltas 

by remote sensing data interpretation, or marine impacts by 

computer modeling. (iv) Advising in international panels such 

as the COSPAR Planetary Protection Panel and the ESA Ex-

pert Group for Ocean Worlds. 

The following research highlights exemplify the most relevant 

investigations and results in the group

Summary

Senior Researchers

Daniel Carrizo Gallardo

Isabel Herreros Cid

Antonio Molina Jurado

Jens Ormo

María Paz Zorzano

Posdoctorals

Victoria Muñoz Iglesias

Technicians

María Teresa Fernandez Sampedro

Paloma Martínez Sarmiento

María Paz Redondo

Planetología y Habitabilidad
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RH1: Integration of the RAman spectrometer for MMX (RAX) instrument. 

INTA contributes to the MMX mission led by JAXA with both, the Laser Assembly (RLA), and the Verification Target for the 
Raman spectrometer (RAX), which will be carried as part of the IDEFIX rover payload (Pertenais et al. 2022). MMX mission is a 
sample return mission planned to be launched in September 2024, which is going to explore the Martian Moons Phobos and 
Deimos. The group at CAB took the lead of RAX science in December 2021. RAX will measure signatures of the mineralogical 
composition of the surface material. RLA and VT were delivered to DLR in May 2022, and the full rover is being integrated at 
CNES to be delivered to JAXA in mid-2023. 

Figure. MMX Raman spectrometer (RAX) configuration

Planetology Habitability
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RH2: Mars sample return (MSR): first in-situ characterization of the samples

The MSR program, a cooperative project between NASA and ESA, aims to collect samples from the planet’s surface and send 
them to Earth within a decade from now. The first collection of samples has already been prepared, documented, and sealed 
at the base of Jezero’s Crater floor. The rover’s in-situ analysis at the sample extraction site has shown that the rocks of the 
Jezero crater are igneous (Liu et al. 2022). The rocks come from two different processes: some were formed in the depths of 
the subsoil from magma that cooled slowly, and present olivine crystals and the others were formed from volcanic activity that 
took place on the surface. These rocks, which formed the crater bed, have been exposed to different periods of interaction 
with the circulating water that ended up filling the lake. Specifically, two regions covered by igneous rocks have been explored 
in detail: the Máaz zone, where the rocks show patches of concentrated salts produced by evaporation of different brines and 
the Séítah zone where the samples seem to indicate the interaction with carbonated water. This suggests that water flowed in 
this water system intermittently (Scheller et al. 2022). These samples will be analysed on Earth to understand the evolution of 
Mars and its potential to host life. 

Figure: View of the abrasion patch, for in-situ analysis, and the two drill holes of the samples acquired at this site. This image was acquired 
by the Navcam camera (Left Navigation Camera), located on the mast, on August 3, 2022 (Sol 516). Credits: NASA/JPL-Caltech
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RH3: Arrival of DART and Hera Missions

NASA’s Double Asteroid Redirection Test (DART) mission is humanity’s first attempt to alter the path of a natural celestial body 
in space (Statler et al. 2022, Stickle et al, 2022)). Members of the group contribute to the mission by analyzing the results of 
the experiments. Their study show some predictions for momentum transfer based on different levels of reconnaissance. They 
propose strategic targeting to optimize the deflection and reduce the risk of a counterproductive deflection of asteroids in the 
wrong direction.

Photo from one of the EPIC (CAB CSIC-INTA) “rubble-pile” impact experiments obtained with a high-velocity video camera. 
It shows how embedded “boulders” in the target move in relation to the sand matrix. The crater is approximately 20cm wide- 
Credits: Laboratory for Experimental Impacts (CAB, CSIC-INTA). [Image modified from Ormö et al., 2022]
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RH4: Molecular and isotopic lipid fingerprints in extreme environments

The group reported the molecular and isotopic lipid fingerprints in wetlands from the central Andean Puna for the first time. 
They found the effects of desiccation on Andean lacustrine ecosystems and the potential impact on the microbial community 
structure. They confirm that the molecular and compound-specific isotopic analysis of highly resistant lipid biomarkers repre-
sents a powerful tool to record those changes over time, which has great value for interpreting the paleobiology of ancient 
sediment deposits on Earth and beyond (Carrrizo et al. 2022b)

Figure. Ecological and compositional variability of the microbial community in the three saline ponds with 
increasing salinity, based on lipid biomarkers. The names and chemical structure of lipid compounds 
characteristic of five dominant microbial groups, whose phylogenetic relationships are shown at left 
(cladogram), are represented in colored boxes and their associated carbon fixation pathways.
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RH5: The discovery of sedimentological fingerprints of magnitude of marine impacts

During the cratering process, fragments from the solid target are mixed with the seawater, and, after an initial turbulent phase, 
they commonly get deposited inside the seafloor crater when it is filled up by the resurging water. The group conveyed a ma-
thematical model for the aquatic settling process of the resurge material. They assume that the finer particles mixed with water 
give rise to a fluid mixture in which the density and viscosity will depend on the relative water-to-solid content. This variation of 
the mixture’s properties will cause a different settling velocity of the coarser particles, and thus different settling patterns will be 
observed for craters with different relative target water depths (Herreros and Ormo, 2022).

RH6: Biomimetic carbonate formation with brines, through CO2 sequestration, under Martian atmospheric 
conditions.

Curiosity’s Sample Analysis at Mars (SAM) instrument in Gale crater, has identified the presence of carbonates by isotopic 
analysis of CO2 and O2. This analysis determined also that organic salts, like oxalates, may have been formed in situ on Mars 
and preserved. To investigate possible abiotic paths for carbonate and organic salt mineral precipitation we have investigated 
experimentally the formation of the precipitates formed in alkaline brines of silica and other salts like CaCl2, Mg and Fe sul-
phates (all salts which have been found by Perseverance and Curiosity rovers on Mars). We have analysed with ESEM micro-
graphs, micro-Raman and XRD, the products of a set of reaction-precipitation experiments performed under increasing CO2 
concentration, including current Martian atmospheric conditions, with and without Martian soil analogues. The experiments 
confirm the formation of biomorphs, with calcium carbonates and other organic salts like oxalate, which is usually taken as 
indicator of biomineralization. The experiments demonstrate that many abiotic chemical processes can lead to morphological 
structures that may be misinterpreted as biomarkers because of their composition, size and shape (Escamill-Roa et al. 2022). 

Figure 1: (Left) Growth of biomimetic silica gardens with tubular structures after 24 hours of exposure to CO2 of a silicate solution brine with 
MgSO4.7H2O and Martian soil simulant. (Centre and Right) ESEM micro-scale view of carbonate precipitates formed from silicate solutions 
with Martian regolith simulant in an enriched CO2 atmosphere. Credit: Escamilla-Roa et al. (2022).



Annual Report 2022

100

Research Highlights 2022

Planetología y Habitabilidad

RH7: Finding how fluids behaves within icy worlds. 

The presence of aqueous layers, partially or totally liquid, highly influences the bulk physical properties of icy bodies, particularly 
the thermal state, and consequently, the geological activity and the potential habitability over time. The group characterized the 
thermal budgets of aqueous environments in planetary bodies depending on the main solute composition, and quantified the 
heat associated with water-rich materials’ phase transitions occurring during planetary evolution. The calorimetric properties of 
the slurries of several salt- and volatile-systems may sustain the potential habitability of icy moons and support the formation 
of certain surface features, in particular due to the high latent heat density and the promotion of the exothermic local growth of 
ice blocks that can separate from the remaining liquid (Prieto-Ballesteros et al. 2022).

Figure. a): Raman spectra of the 15 wt. per cent NH 3 system at 259 K (completely melted) and 256 K (after the partial 
crystallization of pure water ice), and of the 28 wt. per cent NH 3 aqueous solution. b) Comparison of the reference 
spectra (calculated as the sum spectrum of water ice I h and NH 3 aqueous solution) with the experimental spectrum 
acquired at 256 K. Intensity is in arbitrary units (a.u.).

On the other side, the kinetics and pH evolution of the moderate low-temperature (down to 240 K) and high-pressure (up to 
500 bar) chemistry of ammonia–methanol aqueous solutions in the presence of different types of carbon sources were deter-
mined. Such cryomagmas may lead to an interesting organic chemistry (Muñoz-Iglesias et al. 2022).

Regarding this topic, the group won the outstanding poster award for the work “Abiotic clathrite synthesis from CO2-clathrate 
under ocean world conditions” in the Europlanet Science Congress EPSC2022 



Annual Report 2022

101
Planetology Habitability

Group coordinator: Dr. Felipe Gómez Gómez

Extremophiles and Habitabilty Group

Senior Researchers: 

Dr. Felipe Gómez Gómez

Dr. Alberto González-Fairén

Dr. Armando Azua Bustos 

Francesco Salese 

Dr. Ricardo Amils Pibernat

Posdoctorals: 

Fuencisla Cañadas Blasco 

Elisabeth Losa-Adams 

Regina Margolles Cobo

Technicians: 

Nuria Rodríguez González

This group contributes mainly to objective 3, 4, 5 and 6 of our 
strategic plan, by addressing the questions of understanding 
the habitability of Mars (and tangentially of other Solar Sys-
tem bodies); to find and analyze biomarkers for the search 
for life on Mars; to understand the basic principles of the 
adaptability of life to the Martian extreme conditions; and to 
develop methods and advanced instrumentation for in situ 
exploration and characterization of Mars. The study of 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 
had been crutial issues addressed by the group during 2022, 
as well as the characterization the early Martian volatile bu-
dget by refining the estimated volume of volcanic infill in the 
northern lowlands; on the understanding of the phosphorus 
cycle and its and bioavailability in Archean carbonates as 
analogues for Martian paleoenvironments; on the effects that 

the presence of perchlorate salts in aqueous solutions have 

on habitability; on the resources needed for the exploration of 

planetary caves, particularly on Mars; and we have continued 

our work on astrobiologically exploring the Atacama Desert, 

the driest environment on Earth. Additionally, this group ex-

plore 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 2022 we have been wor-

king on the habitability and microbial metabolic traits of the 

polyextremophilic environment of severa Earth analogues as 

Río Tinto and the Dallol area in Ethiopia, as well as daily par-

ticipation in the REMS and MEDA operations and scientific 

discussions. The following research highlights exemplify the 

most relevant investigations and results in the group:

Summary
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RH1: Phot0, a plausible primeval pigment on Earth and rocky exoplanets

The possibilities that photosynthesis can take place on a hypothetical extrasolar planet depends on several fundamental 
factors, among which we can count the type of star and distance to it, that the planet orbits, and the type of atmosphere of 
the planet. Analysis of these parameters led us to propose a number of known exoplanets that could trigger the process of 
photosynthesis on their surface. This study made us think about the origin of the photosynthetic process on planet Earth. We 
wonder about the first photosynthetic pigments and how different they would be from the photopigments we know in today’s 
photosynthetic organisms. We did a theoretical work on a hypothetical first pigment, simpler than those currently existing, 
which collects energy from solar radiation on surfaces similar to Earth, exoplanets. Our theoretical results show that geochemi-
cal conditions could exist that allow the abiotic formation of a primitive pigment that could become sufficiently abundant in the 
early stages of habitable rocky exoplanets. These conditions would place this pigment before the appearance of life on a very 
young planet, thanks to chemical routes instead of biochemical transformations. Therefore, our results may refute the currently 
accepted hypothesis that the complex biomolecules that allowed photosynthesis to take place were synthesized through 
complex and evolved metabolic pathways. Furthermore, we show that the proposed primitive pigment, which we call Phot0, is 
also a precursor to the more evolved pigments known on Earth today and demonstrate, for the first time, an abiotic chemical 
pathway leading to tetrapyrroles that do not involve derivatives of pyrrole. Our proposal places simple and highly abundant raw 
materials in previously unproposed geochemical conditions that lead to the formation of biomolecules of biological interest.

Research Highlights 2022

Figure RH2: (a) E + ZPE energy profiles leading to the intermediates Int1Zn, Int1Zn-2W and P-Zn-4W. Energy values are given in kcal mol−1. 
(b) Non-covalent interactions (NCI) in the transition structures TS1Zn and TS1Zn-2W. From de la Concepción et al., (2022)
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RH2: Microbial Metabolism of Amino Acids—Biologically Induced Removal of Glycine and the Resulting 
Fingerprint as a Potential Biosignature

The identification of reliable biomarkers, such as amino acids, is key for the search of extraterrestrial life. A large number 
of microorganisms metabolize, synthesize, take up and excrete amino acids as part of the amino acid metabolism during 
aerobic and/or anaerobic respiration or in fermentation. In this work, we investigated whether the anaerobic microbial meta-
bolism of amino acids could leave a secondary biosignature indicating biological activity in the environment around the cells. 
The observed fingerprints would reflect the physiological capabilities of the specific microbial community under investigation. 
The metabolic processing of an amino acid mixture by two distinct anaerobic microbial communities collected from Islinger 
Mühlbach (ISM) and Sippenauer Moor (SM), Germany was examined. The amino acid mixture contained L-alanine, β-alanine, 
L-aspartic acid, DL-proline, L-leucine, L-valine, glycine, L-phenylalanine and L-isoleucine. In parallel, an amino acid spiked 
medium without microorganisms was used as a control to determine abiotic changes over time. Liquid chromatography mass 
spectrometry (LC-MS) was used to track amino acid changes over time. When comparing to the control samples that did not 
show significant changes of amino acids concentrations over time, we found that glycine was almost completely depleted from 
both microbial samples to less than 3% after the first two weeks- This results indicates a preferential use of this simple amino 
acid by these microbial communities. Although glycine degradation can be caused by abiotic processes, these results show 
that its preferential depletion in an environment would be consistent with the presence of life. We found changes in most other 
amino acids that varied between amino acids and communities, suggesting complex dynamics with no clear universal pattern 
that might be used as a signature of life. However, marked increases in amino acids, caused by cellular synthesis and release 
into the extracellular environment (e.g., alanine), were observed and could be considered a signature of metabolic activity. We 
conclude, that substantial anomalous enhancements of some amino acids against the expected abiotic background concen-
tration may be an agnostic signature of the presence of biological processes.
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RH3: Oxidized and Reduced Sulfur Observed by the Sample Analysis at Mars (SAM) Instrument Suite on 
the Curiosity Rover Within the Glen Torridon Region at Gale Crater, Mars

The Mars Science Laboratory (MSL) Curiosity rover has been assessing the habitability and geologic history of Gale crater, 
Mars since landing in 2012. One of the primary objectives of the mission was to investigate a clay-bearing unit identified using 
orbital spectral data, designated the Glen Torridon (GT) region. This region was of particular interest because of its elevated 
abundance of clay minerals that may have preserved geochemical evidence of ancient habitable environments. The Curiosity 
rover explored the GT region for σ750 sols and analyzed eight drilled samples with the Sample Analysis at Mars (SAM) ins-
trument suite using evolved gas analysis-mass spectrometry. Evolved sulfur-bearing gases provided insight about the com-
position of sulfur-containing compounds in Martian samples. Evolved gases were analyzed by three methods to understand 
the oxidation state of sulfur in the samples: (a) SO2 evolution temperature, (b) quadratic discriminant analysis comparing SAM 
data to SAM-like laboratory investigations, and (c) sulfur isotope values from evolved 34SO2/

32SO2. The results of these three 
methods were consistent with the majority of sulfur in the GT region being in an oxidized state, but two of the eight samples 
analyzed by SAM were consistent with the presence of small amounts of reduced sulfur. The oxidized and reduced sulfur could 
have a variety of sources and represents a nonequilibrium assemblage that could have supported putative ancient chemoli-
thotrophic metabolisms.

Figure RH3: Mars Hand Lens Imager (MAHLI) images of the drill 
holes acquired during the Glen Torridon and Greenheugh pediment 
campaigns. Drill holes are ordered according to stratigraphy but do 
not reflect true vertical distances between samples. Glen Etive 1 
and 2 were drilled from the same rock for two sets of experiments. 
Each drill hole is ∼1.6 cm in diameter. Courtesy of NASA/JPL-
Caltech/MSSS. From Wong et al., (2022)
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RH4: Constraining the early Martian volatile budget by refining the estimated volume of volcanic infill in 
the northern lowlands

This effort is of critical importance for understanding early Martian hydrology and the potential for surface and near-surface 
habitability. To achieve this goal, our analysis was based on the usage of geological and statistical tools that allowed to esti-
mate the distribution of the original abundance of impact craters in the northern lowlands before they were filled and covered 
by younger material. Our analysis concluded that the volume of volcanic materials in the northern lowlands is at least a factor 
of three larger than previous estimates, which significantly increases the volume of volcanic volatiles that would have been 
expelled into the early Martian atmosphere as well. Our quantitative constraint allows to refine paleoclimate models of Mars, 
offering a first order estimate of the time-integrated volatile budget available for thickening the mid- to late Martian atmosphere 
and flooding the lowlands.

Three hypothetical Mars lowlands surface paleoprofiles. The profile dashed in blue is according with Head et al., (2002), in 
which the convex parts coincide with Hesperian wrinkle ridges considering an average thickness of the lowlands of about one 
kilometer, while the other two profiles dashed in orange and green indicate those assumed by this work, one considering a 
lowlands thickness of about 1 kilometer and the other considering an average lowlands thickness of up to 2 kilometers.
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RH5: Understanding the phosphorus cycling and its bioavailability in Archean carbonates, as analogues 
for Martian paleoenvironments

Investigation on P recycling and bioavailability in carbonate and iron-rich Archaean deposits (~3 Ga) helps expanding our 
understanding of the possible origin of life on Earth, and to test the astrobiological implications on other terrestrial planets, 
like Mars. Iron speciation results will determine whether the studied carbonates were deposited under euxinic or ferruginous 
conditions, relative to total iron, and will track the redox evolution upward stratigraphy. Phosphorus speciation results will 
quantify different operationally defined P sedimentary pools, including iron associated, authigenic, detrital, organic and total. 
Subsequently, Fe and P results were modeled to address two fundamental research questions: a) shifts from ferruginous to 
euxinic conditions promoted the accumulation of dissolved phosphate, and b) iron reduction (microbial or abiotic) favored the 
increase of alkalinity, contributing to carbonate precipitation.

Pregeneration under euxinic (a) and ferruginous water conditions (b) during the Mesoproterozoic/
Neoproterozoic boundary (ca. 1 Ga).
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RH6: Quantifying the effects that the presence of perchlorate salts in aqueous solutions have on 
habitability

The adaptation of microbes to low temperatures allows them to succeed in diverse cold environments owing to molecular stra-
tegies. Many of these natural cold environments also include additional stressing conditions, like high concentrations of salts, 
which force cells to develop strategies to cope with both cold and salinity at the same time. This makes polyextremophiles 
prime candidates to study the limits of microbial life when they respond simultaneously to cold and salinity, conditions that are 
of high astrobiological interest, particularly for early Mars and icy moons. Our analyses contributed to understand the strate-
gies for survivability and adaptation of extremophilic microorganisms under polyextreme conditions, such as those existing in 
the Martian subsurface today and/or in the past, which include the documented presence of magnesium perchlorate salts in 
ancient sediments and global cold temperatures.

Viable Rhodococcus sp. JG-3 cells expressed as colony forming units (CFU)/mL that grew on LB medium plates at the beginning (day 0) 
and at the end (day 10) of the treatments: 0.5x LB (sample labels preceded by LB), 0.5x LB + 8% Mg(ClO4)2 (sample labels preceded by 
LB8), and 0.5x LB + 16% Mg(ClO4)2 (sample labels preceded by LB16), incubated at 20°C, 4°C, −10°C and −16°C. Bars indicate means 
and error bars indicate standard errors of triplicates.
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RH7: What we will need to explore Planetary caves

The continuing discovery of caves in other bodies of the Solar System gave rise to the new field of Planetary Caves. We contri-
buted to an interdisciplinary team of researchers in the proposal of a detailed strategy to explore caves beyond Earth. Focusing 
primarily on astrobiology, the cave environment, geology, robotics, instrumentation, and human exploration we produced a 
framework to guide this subdiscipline for the next decade. 

Figure. Sampling a cave in the Coastal Range of the Atacama Desert.
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RH8: Updating what is known on the Atacama Desert, the driest environment on Earth

The Atacama Desert is by far the driest and oldest desert on Earth, showing a unique combination of environmental extremes 
(extreme dryness, the highest UV radiation levels on Earth, and highly saline and oxidizing soils), explaining why the Atacama 
has been largely investigated as a Mars analog model for almost 20 years. On 2022 we continued exploring the characteristics 
of this fascinating environment, actively used as the testing ground of the technologies (detection instruments, rovers, etc.) 
that were sent and will be sent to Mars. 

Exploring one of the driest 
sites of the Atacama 
Desert. 
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Image of the new concept of wind sensor for the NASA’s Mars Sample Return (MSR) mission, during 
preliminary tests at the CAB wind tunnel facilities, December 12, 2022. 
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Head of Department: 

Eduardo Sebastián Martínez

The Advanced Instrumentation Department devo-
tes its research activity to the development of spa-
ce instrumentation technologies for planetary and 
astrophysical exploration, as well as to the develo-
pment of simulation chambers for planetary envi-
ronments. All technological developments are the 
result of a multi and transdisciplinary relationship 
between the members of the Instrumentation De-
partment and the rest of the Center’s scientists. The 
Department has different infrastructures for plane-
tary simulation, and to scientifically and technologi-
cally support the researchers of the group. 

During 2022 our Department continued with the 
leadership in the development, operation and 
scientific data exploitation of different flight instru-

ments for the characterization of the Martian at-
mosphere: REMS (Rover Environmental Monitoring 
Station) aboard the Curiosity rover, TWINS (Tem-
perature and Wind for InSight) aboard the InSight 
lander, and MEDA (Mars Environmental Dynamics 
Analyzer) onboard Perseverance Mars2020 rover. 
All of them belonging to missions of the National 
Astronautic Space Agency (NASA). In addition, 
throughout the year new contacts have been es-
tablished for future participation in the exploration 
of the planet Mars within the framework of NASA’s 
Mars Sample Return (MSR) mission.

The Advanced Instrumentation Department is orga-
nized in 1 Research Group:

• Space Instrumentation
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Group coordinator: José Antonio Rodríguez Manfredi

Summary

Senior Researchers:

Eduardo Sebastián Martínez 

Jesus Manuel Sobrado Vallecillo

Alicia Gómez Gutiérrez

Posdoctorals:

Alvaro de Vicente Retortillo Rubalcaba

Daniel Viudez Moreiras 

Jorge Pla García 

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 ISDE-
FE)

Sara Navarro López 

Silvia Giménez Torregrosa

Sofía Zurita Zurita

Verónica Peinado González

Enrique Villa Benito

María Teresa Magaz Pérez

Lab. Technicians:

Ricardo Ferrandiz Guibelalde

Experimentation and simulation play a fundamental role in 
the accomplishment of objectives the Centro de Astrobiolo-
gía. In many cases, experiments are carried out in the labo-
ratory, 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 the all 
the technological 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 tech-
nologies, either in simulation chambers or in representative 
environments (the so-called terrestrial analogues). 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 pla-
netary environments and the effect of extreme physicoche-
mical parameters in the laboratory. It also addresses the un-
derstanding 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 as-
sessment, and is contributing to the definition of the future 
ESA and NASA missions with Astrobiological objectives and 
including environmental sensors. Finally, the group is working 
on the development of state-of-the-art superconducting de-
tectors for astronomical and quantum applications.

Space Instrumentation (SI)

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

The Space Instrumentation group is leading the development and operation of three space instruments dedicated to environ-
mental characterization of the Martian atmosphere and the study of the physical properties of its dust. MEDA (Mars Environ-
mental Dynamics Analyzer) for NASA’s Perseverance rover, TWINS (Temperatures and Winds for InSight) of NASA’s InSight 
mission and REMS (Rover Environmental Monitoring Station) for the NASA’s Curiosity rover. All three have been in operation 
along the year 2022.

These instruments and projects have contributed to consolidate Spain as an international reference in the field of the 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. For these projects, the CAB has collaborated 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, the Finnish Meteorolo-
gical 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.

NASA’s Mars 2020 Perseverance rover landed at Jezero crater on 18 February 2021. The rover include the MEDA environ-
mental station, 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). 

Throughout 2022, as part of the phase E activities, both the engineering and the scientific teams of the project have led the 
instrument operation tasks, in close collaboration with NASA personnel and the rest of the mission. This activity enables the 
retrieval of the scientific data from the surface of Mars. MEDA has been running every day of the year except for 19 days. This 
implies that more than 15.5 million measurements were made, equivalent to 12 Martian hours of measurement per sun, and 
973 images have been taken with SkyCam. Throughout the year, scientific data have been delivered to the PDS (Planetary 
Data System) on three occasions, making them available to the international scientific community.

In addition to the specific activities of operation and scientific exploitation of the data, a set of tasks of a more technological na-
ture have been carried out. Some examples are: The new ground calibration campaigns for the WS, with the aim of adapting to 
new operational circumstances. The analysis and interpretation of in-flight calibration sequences of the TIRS sensor to obtain 
a measurement of the degradation associated with deposition of dust on the detectors. Maintenance and improvements in the 
ground segment software to increase the quality of the data provided to the PDS and in the flight software of the Instrument 
Control Unit (ICU) itself to introduce new performances in the instrument operation strategies, saving tactical resources. ➛

MEDA WS detail photograph during Martian 
operations, image taken on Feb. 2, 2022 the 
339th Martian day of the mission.

Advanced Instrumentation



Annual Report 2022

114

Research Highlights 2022

Instrumentación

➛ Throughout 2022, TWINS provided a continuous log of the local winds and temperatures at the landing site (Elysium Pla-
nitia). Both InSight and TWINS have performed with great success. However, the accumulation of dust on the surface of the 
solar panels has reduced the energy available to the spacecraft. The last time InSight communicated with Earth was Dec. 15, 
2022, leading mission controllers to conclude the spacecraft’s solar-powered batteries have run out of energy. Thus, NASA 
had declare the mission over, in spite they will continue to listen for a signal from the lander, just in case, but hearing from it at 
this point is considered unlikely. The scientific data provided by TWINS allowed to rule out false seismic readings caused by the 
strong winds in the environment, and is of great scientific value given the detailed record that it is carrying out. ➛

InSight Mars lander final selfies with TWINS booms on top. (Top) on Dicember 2018 not long after landing and (bottom) 
on April 24, 2022, the 1211th Martian day, or sol, of the mission. The lander is covered with far more dust than it was in 
its first selfie.
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➛ REMS is operating on the surface of Mars, in Gale Crater, 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 
2022, the instrument has been running every day of the year except for 12 days, collecting more than 10.6 million readings 
from each of the sensors, which is equivalent to 8 Martian hours of measurement per sol.

Scientific data have been delivered to the PDS (Planetary Data System) on three occasions, making them available to the 
international scientific community

In addition to the daily operation of REMS, the group participated in the analysis of the scientific data obtained by the instru-
ment, also contributing to the discussions and scientific meetings that periodically and frequently bring together all the national 
and international members of the REMS team.

In parallel with all the activities associated with the operation of the instruments on the surface of Mars, the group also works 
on the design of new instruments and sensors in preparation for new space missions. A clear example of these activities are 
the tasks carried out with the aim of increasing the Technology Readiness Level (TRL) with a view to a future spatialization of a 
new miniatured 3D wind sensor for Mars. Another would be the design of a multidetector infrared sensor, aimed at minimizing 
measurement errors when working in a hostile thermal environment, and whose development has been the subject of the 
application, at the end of 2022, for an international patent entitled “Infrared Sensor”.
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RH2: Study and modeling of Martian atmospheric dynamics and its main constituents.

In addition to the previously described technological activities, the group was actively involved in the scientific exploitation of 
the data. REMS and MEDA instruments were collecting data at Gail and Jezero craters respectively, characterizing the physical 
processes in the lowest layer of the Martian atmosphere. The observations unveil the diversity of processes driving change 
on today’s Martian surface. Many of the measurements made by MEDA so far are the first time they have been obtained on 
Mars, revealing interesting surprises in Jezero’s atmosphere. Overall, MEDA observations show a dynamic environment rich 
in atmospheric phenomena that is different from other locations on Mars like Gail crater. The characterization of Jezero’s at-
mosphere plays an important role in the development of the Mars Sample Return mission and in the exposure of the samples 
being collected by Perseverance.

These are some of the most relevant results published during the year 2022:

Winds at the Mars 2020 Landing Site: Wind Patterns variability and turbulence at Jezero Crater

Winds at the Mars 2020 landing site were presented in a two part paper in the Special Issue “The Mars Perseverance Rover 
Jezero Crater Floor Campaign” of the journal JGR Planets. The wind data acquired by the rover measured a mostly repeatable 
diurnal cycle with two regimes: (a) a convective period, from dawn to sunset with average easterly to southeasterly winds, in 
which maximum wind speeds were measured, and (b) a nighttime regime with westerly-northwesterly winds followed by a 
relatively calm period with highly variable wind directions as a function of sol and time of night. The timing and magnitude of 
the observed regimes are consistent with primary control by regional and local slope flows, as have been observed to varying 
degrees at other landing sites on Mars. Data suggest that the surface circulation at Jezero is highly unaffected by large-scale 
circulation, except during particular periods. An early regional dust storm prior to fall equinox also disturbed wind patterns 
with changes suggesting the strengthening of flows linked to large-scale atmospheric oscillations called tides. The latter are 
primarily driven by the daily pattern of solar heating around Mars and its interaction with topography.

Also, Jezero winds as measured in the crater floor by Perseverance were found to be much calmer on average than in previous 
landing sites. Turbulence and wave activity provoked rapid fluctuations that changed wind speed from calm conditions to more 
than 10–15 ms−1 in the timescale of seconds to minutes. Daytime wave activity is related to convection cells and smaller 
eddies in the boundary layer, advected over the crater. These convection cells are produced under strong thermal gradients 
typically present during daytime. Pressure drops, associated with convective vortices, were usually involved in rapid wind 
fluctuations and, in some cases, in extreme winds as measured by Perseverance. An intense aeolian activity was observed at 
Jezero crater produced by transient high wind events. This aeolian activity had major implications for instrumentation, with the 
Perseverance wind sensor suffering damage probably due to flying debris advected by winds. Also, the detection of a strong 
dust cloud of 0.75–1.5 km passing over the rover was reported.

The wind speeds were characterized by fitting the wind data as a Weibull distribution. InSight wind data acquired in Elysium 
Planitia were also used to contextualize the observations. The Weibull distribution fits the wind speed data at Jezero using a 
scale parameter c = 3.60 ms−1 and a shape parameter k = 1.49, and the wind data at Elysium Planitia using a scale parameter 
c = 6.20 ms−1 and a shape parameter k = 1.91. Elysium Planitia values align with those previously found for Gale crater, but 
Jezero winds strongly diverge and are much quieter than those found in previous missions. Among the three landing sites on 
Mars in which high-frequency measurements are available, Jezero crater shows the lowest wind speeds in the total winds. 
The probability of wind speeds greater than 12 ms−1 was 0.2% during the mission, and it was only close to 10% around the 
summer solstice afternoon. Wind speeds at Elysium Planitia were 68% greater, on average, than at Jezero. ➛
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Diurnal variation in wind speed and direction as a function of local true solar time (LTST) over a period of 40 sols close to the northern 
summer solstice (Ls ∼ 90°–120°).

Weibull probability density functions (PDFs) (red line) and comparison with empirical data (blue histogram) for the midday (MD timeslot), both 
for Jezero (left column) and Elysium Planitia (right column). (top) PDF for the whole MD timeslot period, (bottom) PDF of wind speeds in the 
MD timeslot but during pressure drop events.

 ➛
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➛ Mars Surface Pressure Oscillations as Precursors of Large Dust Storms Reaching Gale

There have been many efforts to characterize the impact of large-scale dust storms on Mars’s atmospheric circulation and 
wave activity. Modeling and observations have long demonstrated that Martian dust storms strongly interfere with global circu-
lation patterns and change the diurnal and semidiurnal pressure variability as well as oscillations with periods greater than one 
sol associated with planetary waves. As of early 2022, five Mars years of pressure data have been collected by the Curiosity 
Rover in Gale crater with the Rover Environmental Monitoring Station (REMS). This surface pressure measurements enable the 
study of some of these changes in global circulation patterns. Relatedly, numerical modeling and imaging by orbital spacecraft 
indicate that particular atmospheric circulation patterns, including particular combinations of waves, favor the growth and pro-
pagation of dust storms. Such patterns may be identified via their signature in surface pressure prior to the growth of the storm. 
This work was presented in the paper “Mars Surface Pressure Oscillations as Precursors of Large Dust Storms Reaching Gale” 
of the journal JGR Planets. Several analyses were used to find equatorial waves preceding the growth of local dust opacity in 
Gale crater during the storm periods. In order to do that, a combination of signal filtering techniques, such as harmonic series, 
Singular Spectrum Analysis or Empirical Mode Decomposition were studied. Opacity data from MCAM camera, from the Jet 
Propulsion Laboratory, have been used to assess the precursors obtained.

In blue, diurnal pressure minus reconstruction from Singular Spectrum Analysis. Jumps in these values predict the arrival of 
a storm period; in orange, opacity from MCAM camera. Jumps in opacity marks a storm period.
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RH3: Mimicking planetary subsoil under the ice film in the laboratory

Getting to simulate an atmosphere and an ice sheet. This is the main aims in the MPSL project (Mimicking Planetary Simulation 
in the Laboratory). The ice makes it possible to control the relative humidity inside the BGR (Biological Geological Reactor), filter 
or reducing the external radiation and maintain a thermostatic balance between the exterior and the interior.

From this experimental development we will study the influence of the different gases with biological samples and biosensors 
that help us to know the evolution of this extreme environment in the subsoil of telluric planets in the solar system.

Biological Geological 
Reactor inside the MARTE 
vacuum chamber is the 
device that simulate the 
subsoil under ice film.
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RH4: 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 techno-
logy 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 superconduc-
ting detectors for astronomical instrumentation, and ii) the development of superconducting circuits for quantum applications.

Regarding the first, we coordinate the Spanish developments of Kinetic Inductance Detectors (KIDs) for the development of a 
mature large-format camera with polarization sensitivity in the W-band suitable for future space missions. We also, have parti-
cipated in European Consortiums such as the NIKA2 and CONCERTO instruments, led by I. Néel in France and in the Spanish 
group CADEx for the development of a KID-based instrument for dark matter exploration. 

Additionally, high-quality superconducting circuits are the ideal on-chip platform to operate, sense and characterize different 
quantum systems. Particularly, we are focused on the development of 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.

Left: Large format KIDs array detector for W-band astronomical experiment. 
Right: Low impedance LER for the development of spin quantum processor. 
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NASA Curiosity Rover in the place called “Big Sky”in Gale Crater. Credits: NASA/JPL-Caltech/MSSS.
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Artist’s reproduction (not to scale) of the trajectory of the fast radio burst FRB 20220610A, from the distant 
galaxy where it originated and traveled to Earth. Credits: ESO/M. Kornmesser
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PhD Theses

Name Title Director University Date Department

Alberto Álvarez Saavedra Explotación científica de TESS, K2 
y Kepler: Determinación de la edad 
mediante rotación

David Barrado 
Navascués and María 
Morales Calderón

Universidad Complutense Ongoing Astrofísica

Alicia Rodríguez-Moreno Adaptación de bacteriófagos a 
condiciones extremas de interés 
astrobiológico

Ester Lázaro Universidad Autónoma 
de Madrid

Ongoing Evolución Molecular

Alina Ikhsanova When galaxies die: tracing galaxy 
evolution in last 7 Gyrs through 
stellar populations

Luca Costantin and 
Alessandro Pizzella

Universidad de Padua Ongoing Astrofísica

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

Víctor Manuel Rivilla 
Rodríguez

Universidad Complutense Ongoing Astrofísica

Amadeo Castro González Exoplanet exploration in the 
PLATO era: planetary systems and 
their habitability

Jorge Lillo-Box and david 
Barrado Navascués

Universidad Complutense Ongoing Astrofísica

Ana de Dios Cubillas Estudio de la mineralogía y 
estructuras de cold seeps. Sus 
implicaciones astrobiológicas en el 
satélite Europa

Olga Prieto-Ballesteros 
and Daniel Carrizo

Universidad Rey juan 
Carlos

Ongoing Planetología y 
Habitabilidad

Andrés Megías Toledano El origen del material molecular 
orgánico complejo en sistemas 
planetarios

Izaskun Jiménez Serra Universidad Complutense 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 The impact of ionized winds, 
UV photoevaporation and stellar 
multiplicity on planet formation in 
disks around massive stars

Izaskun Jiménez-Serra y 
Nuria Huélamo

Universidad Autónoma 
de Madrid

Ongoing Astrofísica

Beatriz Torres Vázquez In vitro selection of DNA and RNA 
aptamers specific to hepatitis C 
virus core protein: applications to 
viral diagnosis and therapy

Carlos Briones and 
Miguel Moreno

Universidad de Alcalá de 
Henares

Read Evolución Molecular

Carlos Cifuentes San 
Román

Astrophysical parameters of M 
dwarfs with exoplanets

José Antonio Caballero 
Hernández and Jorge 
Sanz Forcada

Universidad Complutense Ongoing Astrofísica

Carlos del Burgo Formation of COMs in interstellar 
ice analogs

G. M. Muñoz Caro Universidad Autónoma 
de Madrid

Ongoing Astrofísica

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

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

Universidad Complutense Ongoing Instrumentación 
Avanzada

Catalina Romero Guzmán Thermal analysis of space systems 
in Martian conditions

José Antonio Rodríguez 
Manfredi and Isabel Pérez 
Grande

Universidad Politécnica 
de Madrid

Ongoing Instrumentación 
Avanzada
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Cristina Perez Fernandez Reactividad de polímeros de HCN 
en superficies: Química prebiótica

Eva Mateo-Marti and 
Marta Ruiz-Bermejo

Universidad Autónoma 
de Madrid

Ongoing Evolución Molecular

Cristina Robas Evidencias regionales del Ciclo 
Hidrológico en Marte: Arabia Terra

Alberto Fairén, Olga 
Prieto and Iván López

Universidad Rey Juan 
Carlos

Ongoing Planetología y 
Habitabilidad

Cristina Robas Evidencias regionales del Ciclo 
Hidrológico en Marte: Arabia Terra

Alberto Fairén, Olga 
Prieto, Iván López

Universidad Rey juan 
Carlos

Ongoing Planetología y 
Habitabilidad

David Rodríguez 
Rodríguez

Integration of superconducting 
circuits and magnetic molecules 
for quantum technologies

Alicia Gómez and 
Fernando Luis

Universidad Autónoma 
de Madrid

Ongoing Instrumentación 
Avanzada

Diego Cuenda Muñoz Análisis estadísticos de datos 
astronómicos ligados a la 
determinación de edades 
estelares a partir de los datos 
proporcionados por el satélite 
PLATO y otros instrumentos

David Barrado Navascués Universidad Complutense Ongoing Astrofísica

Eduardo Alonso Pintado Pre-biotic peptides as targets for a 
complex prebiotic biochemistry

Victor Parro and 
Mercedes Moreo-Paz

Universidad de Alcalá de 
Henares

Ongoing Evolución Molecular

Eva Herrero Cisneros Atmospheres of ultra-hot and hot 
massive planets

María Rosa Zapatero 
Osorio and Jorge Sanz 
Forcada

Universidad Complutense Ongoing Astrofísica

Federico Mansilla Cartografía de la habitabilidad 
actual de la superficie de Marte. 
Implicaciones en protección 
planetaria y la dispersión de 
aerosoles

María Paz Zorzano Mier 
and Javier Ruíz Pérez

Universidad Complutense Ongoing Planetología y 
Habitabilidad

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

Ongoing Evolución Molecular

Gonzalo José Carracedo 
Carballale

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

Javier Piqueras López Universidad Complutense Astrofísica

Héctor Carrascosa de 
Lucas

Interstellar ice analogs: energy 
transfer, photodesorption and 
photochemistry

G. M. Muñoz Caro Universidad Autónoma 
de Madrid

Read Astrofísica

I Abhilash Vakkada-
Ramachandran

A planetary chamber to investigate 
the thermal and water cycle on 
Mars

M.-P. Zorzano Luleå University of 
Technology of Sweden

Read Planetología y 
Habitabilidad

I Samuel Konatham Atmospheric Species and Spectral 
Radiation in Terrestrial Exoplanets: 
Implications for Astrobiology

M.-P. Zorzano Luleå University of 
Technology of Sweden

Read Planetología y 
Habitabilidad

Jaime Alonso Hernández. Binariedad en estrellas AGB: 
impacto en la física y química 
nebular

Carmen Sánchez 
Contreras y Jorge Sanz 
Forcada

Universidad Autónoma 
de Madrid

Ongoing Astrofísica
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Javier González Payo Multiplicity of stars, ultracool 
dwarfs and planetary systems

José Antonio Caballero 
Hernández and Miriam 
Cortés Contreras

Universidad Complutense Ongoing Astrofísica

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 Búsqueda de nuevos mecanismos 
de Resistencia a perclorato en 
microorganismos de ambientes 
extremos

José Eduardo González 
Pastor

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

Ongoing Astrofísica

Macarena Benguigui de 
la Camara

Exploración de los mecanismos 
de adaptación y resistencia a 
radiación UV en microorganismos 
halófilos extremos

José Eduardo González 
Pastor

Universidad de Alcalá de 
Henares

Read Evolución Molecular

Mara Arribas Hernán Adaptación del bacteriófago Qσ a 
temperatura elevada

Ester Lázaro Universidad de Alcalá de 
Henares

Ongoing Evolución Molecular

Mara Laguna-Castro Efecto de la densidad de 
hospedadores en las estrategias 
adaptativas de bacteriófagos

Ester Lázaro Universidad Autónoma 
de Madrid

Ongoing Evolución Molecular

María Sánchez García Las relaciones de la formación 
estelar en galaxias luminosas en el 
infrarrojo

Miguel Pereira Santaella, 
Santiago García Burillo

Universidad Complutense 2022 Astrofísica

Marina Calero de Ory Superconducting Resonators for 
Space and Quantum Applications

Alicia Gómez and Daniel 
Granados

Universidad Complutense Ongoing Instrumentación 
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 and 
Francisco Najarro de la 
Parra

Universidad Autónoma 
de Madrid

Ongoing Astrofísica

Miguel Arribas Tiemblo Organic preservation in Mars 
Surface

Dr. Felipe Gómez Gómez Universidad Autónoma 
de Madrid

Ongoing Planetología y 
Habitabilidad

Miguel Arribas Tiemblo Organic preservation in Mars 
Surface

Felipe Gómez Gómez Universidad Autonoma 
de Madrid

Ongoing Planetología y 
Habitabilidad

Nerea Maestu Fonseca Observación y representación 
del Cosmos: los cometas en la 
tradición medieval hispana

Montserrat Villar y Laura 
Fernández

Universidad Complutense Ongoing Astrofísica

Nuria Fonseca Bonilla Estudios de estrellas con discos 
circunestelares a través de 
observaciones ópticas e infrarrojas

Benjamín Montesinos 
Comino and Amaya Moro 
Martín

Universidad Complutense Ongoing Astrofísica

Olga Balsalobre Ruza Coorbital planets and Lagrangian 
points: could they be the Rossetta 
stone of planet formation?

Jorge Lillo-Box and Nuria 
Huélamo Bautista

Universidad Complutense Ongoing Astrofísica

Oscar Ercilla Herrero Caracterización de los sistema 
salinos de Ceres, Europa, 
Encelado a partir de análogos 
terrestres

Olga Prieto-Ballesteros 
and Victoria Muñoz-
Iglesias

Universidad Complutense Ongoing Planetología y 
Habitabilidad
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Pablo de Lucía Finkel Lipid biomarkers and 
patterns for life detection and 
paleoenvironmental recontruction

Laura Sánchez García 
and Victor Parro

Universidad de Alcalá de 
Henares

Ongoing Evolución Molecular

Pablo Rodriguez Beltrán Surface Brightness Fluctuations to 
constrain galaxy stellar populations

Alexander Vazdekis, 
Miguel Cerviño, Mike 
Beasley

Ongoing Astrofísica

Pedro Mas Buitrago Aplicación de técnicas de 
Machine Learning a cartografiados 
espectroscópicos y fotométricos

Enrique Solano Márquez, 
Ana González Marcos

Universidad Complutense Ongoing Astrofísica

Pedro Mustieles del Ser Well conserved protein-peptide 
structures as target for Early Earth 
and Mars life detection

David Ruano Gallego and 
Victor Parro

Universidad de Alcalá de 
Henares

Ongoing Evolución Molecular

Raquel Murillo Ojeda Enanas blancas con compañeras 
subestelares: Gaia y observatorio 
virtual

Francisco Jiménez 
Esteban, Alberto 
Rebassa Mansergas, 
Enrique Solano Márquez

Universidad Complutense Ongoing Astrofísica

Raúl Castellanos Sánchez Estrellas masivas como motores 
del universo: Estudios en el IR-
cercano

Francisco Najarro de la 
Parra and Miriam García 
García 

Universidad Autónoma 
de Madrid

Ongoing Astrofísica

Rita sofía dos Santo 
Severino

Ancestral proteins and peptides as 
targets for life detection

Victor Parro and 
Mercedes Moreo-Paz

Universidad de Alcalá de 
Henares

Ongoing Evolución Molecular

Rosa María Mérida 
González

Extending star formation scaling 
relations down to 10^8-9 Msun 
at 1 < z < 3 with HST, ALMA and 
GTC.

Pablo Pérez González Universidad Autónoma 
de Madrid

Astrofísica

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

Andrew Humphrey and 
Montserrat Villar

Universidad de Oporto Ongoing Astrofísica

Santos Galvez-Martinez Interacción y reactividad de 
péptidos en superficies: Química 
prebiótica en superficies

Eva Mateo-Marti Universidad Autónoma 
de Madrid

Ongoing Evolución Molecular

Sara Gómez de Frutos Efecto de los ciclos de luz y 
oscuridad en poblaciones de 
microorganismos hiperhalófilos

José Eduardo González 
Pastor

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 and Francisco 
Javier Escribano Aparicio

Universidad de Alcalá de 
Henares

Ongoing Instrumentación 
Avanzada

Víctor Muñoz Hisado Diversidad microbiana en 
ambientes permanentemente 
helados

Cristina Cid Sánchez Universidad Autónoma 
de Madrid

Ongoing Evolución Molecular
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Name Title Director University Date Department

Adrián Hidalgo Pinilla Simulaciones de observaciones 
con el Telescopio Espacial James 
Webb (JWST) con modelos de 
toro y viento para núcleos galácti-
cos activos en el Universo

Almudena Alonso 
Herrero

sep-22 Astrofísica

Antino Jimenez Alcazar Detección de galaxias infrarrojas 
con formación estelar extrema a 
distancias cosmológicas mediante 
JWST

Luis Colina Universidad Compluten-
se de Madrid

feb-22 Astrofísica

Carmen San Nicolás 
Martínez

Índice de Tolerabilidad a la Vida 
en exoplanetas conocidos. Apli-
cación a planetas rocosos

Patricia Cruz Universidad Compluten-
se de Madrid

Ongoing Astrofísica

David Fernández Cava Efecto de metales pesados en la 
actividad fotosintética de microal-
gas acidófilas extremófilas

Ángeles Aguilera Bazán Universidad Autónoma 
de Madrid

Ongoing Evolución 
Molecular

David Tacero Puerto Galaxies in a cosmological 
context

Luca Costantin Universidad Compluten-
se de Madrid

sep-22 Astrofísica

Enrique Goitia díaz Búsqueda de sistemas binarios 
de componentes tardías con Gaia

Maricruz Gálvez-Ortiz 
and Patricia Cruz

Universidad Compluten-
se de Madrid

Ongoing Astrofísica

Enrique Moya Sánchez Caracterización de estrellas AGB 
no detectadas en el catálogo Gaia 
EDR3 usando herramientas de 
Observatorio Virtual

Francisco Jiménez, 
Belén López

Universidad Internacional 
de Valencia

abr-22 Astrofísica

Fátima Ruiz Blas Effect of climate change on micro-
bial communities

Cristina Cid Sánchez Universidad Compluten-
se de Madrid

19/06/2022 Evolución 
Molecular

Gytha Mettepenningen Measuring interstellar ice analog 
thickness with laser interferometry

G. M. Muñoz Caro & C. 
González Díaz

ene-22 Astrofísica

Ignacio Carrasco Ropero Five new uncultured species of 
the phylum Thermoplasmatota 
detected in the extreme environ-
ment of Rio Tinto. A bioinformatic 
analysis

Dr. Felipe Gómez Gómez Universidad Compluten-
se de Madrid

Ongoing Planetología y 
Habitabilidad

Irene Forcada Casares Spectroscopic Analysis of Indivi-
dual Stars in the Sagittarius Dwarf 
Irregular Galaxy

Miriam García García 
and Francisco Najarro de 
la Parra

Universidad Autónoma 
de Madrid

sep-22 Astrofísica

Irene Molina Efecto de metales pesados en la 
actividad fotosintética de Chlamy-
domonas acidophila

Ángeles Aguilera Bazán Universidad Autónoma 
de Madrid

Ongoing Evolución 
Molecular

Iris Bermejo Lozano Hacia las primeras estrellas del 
Universo: LeoA

Miriam García García 
and Francisco Najarro de 
la Parra

Universidad Compluten-
se de Madrid

feb-22 Astrofísica

Jesús Muñoz Bulnes The environmental influence on 
the incidence of ionized outflows 
in galaxies

Bruno Rodríguez Del 
Pino

oct-22 Astrofísica

Laura López Ibáñez Exomoon formation through giant 
impacts originated from unstable 
coorbitals

Jorge Lillo-Box  Universidad Compluten-
se de Madrid

jun-22 Astrofísica

Lorena Amaya Ruiz Galaxias tipo Vía Láctea según las 
observaciones: Caracterización 
mediante el programa galaXYZ

Luca Costantin Universidad Compluten-
se de Madrid

sep-22 Astrofísica
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Lucía Gómez Miguel Análisis y modelado de datos 
marcianos de la estación 
medioambiental MEDA

Eduardo Sebastián 
Martínez

Universidad de Alcalá de 
Henares

Ongoing Insrumentación 
Avanzada

Michelangelo Pantaleoni 
González

The ALS catalog of massive stars Jesús Maíz Apellániz Universidad Compluten-
se de Madrid

sep-22 Astrofísica

Miguel Román Masas de cúmulos vs. la estrella 
con mayor masa

Miguel Cerviño sep-22 Astrofísica

Núria Matey Delgado Galaxias tipo Vía Láctea según 
las simulaciones: Caracterización 
de barras mediante modos de 
Fourier-Bessel

Luca Costantin Universidad Compluten-
se de Madrid

sep-22 Astrofísica

Paula Brcic Spectro-astrometry with MEGARA 
at the GTC: a pilot study to search 
for protoplanets

Nuria Huélamo and 
Ignacio Mendigutía

Universidad Autónoma 
de Madrid

sep-22 Astrofísica

Pedro Hernández 
Cascales

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

Luca Costantin Universidad Compluten-
se de Madrid

Ongoing Astrofísica

Rachel Brown Space Sustainability: A glimpse 
into the governmental, economic 
and social transitions within the 
global space sector

M.-P. Zorzano University of Aberdeen, 
UK

sep-22 Planetología y 
Habitabilidad

Rafael Navarro Carrera Simulating NIRCam imaging of 
ALMA [OIII]88um emitter in the 
EoR

Javier Álvarez-Márquez Universidad Compluten-
se de Madrid

jun-22 Astrofísica

Rut Nicolás Lloveres Life tolerability index for known 
exoplanets. Application to exo-
moons

Jorge Lillo-Box and 
Patricia Cruz Gamba

Universidad Compluten-
se de Madrid

jun-22 Astrofísica

Sergio Jiménez 
Fernández

Hybrid, strongly-coupled super-
conducting-magnetic resonators 
(a materials study)

Alicia Gómez and Jesús 
Mª González

Universidad Autónoma 
de Madrid

Ongoing Insrumentación 
Avanzada

Stefan Georgiev Molecular and isotopic survey on 
the sedimentary organic matter of 
a glacial lake in the SW coast of 
Greenland with an interest for the 
search of life on Icy Worlds

Laura Sánchez-García Ludwig-Maximilians-Uni-
versität München

Ongoing Evolución 
Molecular

Victor de la Fuente 
Treceño

Looking for planets in formation  
around young stars

Ignacio Mendigutía and 
Nuria Huélamo

Universidad Autónoma 
de Madrid

sep-22 Astrofísica
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Agustin Carbajo Usano Análisis de diversidad microbiana 
en dos acuíferos bajo la mina 
Cobre Las Cruces

Elena G-Toril Universidad Autónoma 
de Madrid

2022 Evolución Molecular

Alejandro González 
Albarrán

Desarrollo de nuevos recubri-
mientos poliméricos inspirados en 
química prebiótica

Marta Ruiz Bermejo y 
José Luis de la Fuente

Universidad de Alcalá de 
Henares

sep-22 Evolución Molecular

Alejandro Suárez Gordo Modelos numéricos para el 
estudio hidrodinámico del sistema 
de acuíferos subterráneos del Río 
Tinto (Huelva)

I. Herreros y C. Escudero jul-22 Planetología y 
Habitabilidad

Andrea Hidalgo Arias Study of endolithic microorga-
nisms in volcanic rocks from 
Antarctica

Cristina Cid Sánchez Universidad Compluten-
se de Madrid

Ongoing Evolución Molecular

Guillermo Roldán 
Caselles

Reconstrucción de procesos 
hidrogeológicos en el pasado de 
Marte

M.Á. de Pablo, A. Molina 
e I. Herreros

sep-22 Planetología y 
Habitabilidad

Javier Cámara Martos Geochemical analysis analysis of 
water samples

Cristina Cid Sánchez Universidad de Alcalá de 
Henares

2022 Evolución Molecular

Marina Manjavacas 
Ropero

Efecto del disolvente y las condi-
ciones térmicas en la  polimeriza-
ción del  diaminomaleonitrilo

Marta Ruiz Bermejo y 
José Luis de la Fuente

Universidad Rey Juan 
Carlos

jul-22 Evolución Molecular

Paula García Martinez Efecto de metales pesados en la 
actividad fotosintética de microal-
gas acidófilas extremófilas

Ángeles Aguilera Bazán Universidad Autónoma 
de Madrid

2022 Evolución Molecular

Erasmus

Name Title Director University Date Department

Dª Abigail Elvira Cruz 
Hernández

Uso de espectroscopía de 
emisión de rayos X (XPS) en 
estudios de sorción de moléculas 
orgánicas en superficies minerales 
complejas. El caso de la sorción 
de adenina, timina y fenilalanina 
en minerales y rocas

Universidad Nacional 
Autónoma de Mexico

14/04/2022- 
14/07/2022

Evolución molecular

Sofia Backlund Complexity in the present bios-
phere: Study of the interaction 
between the protein co-expres-
sion networks of DNA viruses and 
human cells during a viral infection

Jacobo Aguirre sept 
2021-march 

2022

Evolución molecular
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IP Title Funding source Code Nº Ammount Department

A. Alonso Herrero A multiscale view of AGN: from 
the torus to the circum-galactic 
medium

PID2021-124665NB-I00 237.765 € Astrofísica

A. Alonso Herrero and 
M. Villar Martín

Unraveling galaxy and black hole 
evolution at high angular reso-
lution: feedback, the obscuring 
torus and star formation activity

PGC2018-094671-B-I00 169.400 € Astrofísica

AGF The physicochemical nature of 
water on early Mars

European Research 
Council

2.000.000 € Planetología y 
Habitabilidad

AGF Mars Phosphorus and Life ERC H2020, Marie 
Sklodowska-Curie 
Individual Fellows-
hips

101022397 173.000 € Planetología y 
Habitabilidad

Alicia Gómez Gutiérrez Development of Hybrid Graphe-
ne-Superconductor Detectors for 
Quantum and Space Applica-
tions-DEFROST

Office of Naval 
Research-Global

150.082 $ Instrumentación 
Avanzada

Alicia Gómez Gutiérrez FAult Tolerant MOLecular Spin 
processor (FATMOLS)

H2020 FET-Open 53.751 € Instrumentación 
Avanzada

Alicia Gómez Gutiérrez Tecnologías Cuánticas – Circuitos 
Superconductores

Plataforma Temática 
Interdisciplinar CSIC

105.374 € Instrumentación 
Avanzada

Alicia Gómez Gutiérrez / 
Jesús Martín-Pintado

SUPERconducting circuits for 
HYbrid QUantum Processing unit 
(SUPERHYQUP)

Agencia Estatal 
de Investigación, 
Proyectos de Transi-
ción Ecológica y 
Transición Digital

150.650 € Instrumentación 
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 autó-
noma 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 Na-
cionales. Ministerio 
para la Transición 
Ecológica y el 
Reto Demográfico 
2552/2020

Evolución Molecular

Ángeles Aguilera Microbiological Control in the 
Formation of Mineral Deposits

MINECO RTI2018-094867-B-I00 Evolución Molecular

Antonio Molina Jurado Equipamiento y difusión de 
resultados para la reconstrucción 
hídrica iterativa en Marte. EDRIM

Education and 
Science Ministry 

VPAC 202250I104 5.000 € Planetología y 
Habitabilidad

B. Maté Naya LInking ice, gas, and dust: Labo-
ratory AstroChemistry (LILAC)

MCIN LINKA20353 24.000 € Astrofísica
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C. Sánchez Contreras Génesis de Nebulosas Planeta-
rias: vientos, pérdida de masa y 
lanzamiento de chorros rápidos

MICINN PID2019-
105203GB-C22

104.060 € Astrofísica

Carlos Briones ‘Graphene aptasensor bioelec-
tronics: a neural interface for 
neurotransmission probing in 
neurological disorders’

“La Caixa” Foun-
dation, Health 
Research 2021 Call

HR21-00410 908.539 € Evolución Molecular

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 100.000 € Evolución Molecular

D. Carrizo Extreme Environments in Plane-
tary Exploration: Geolipids, Stable 
Isotopes and Minerals in King 
Gorge Island, Antarctica

IAU (Uruguayan 
Antarctic Institute)

20.000 € Planetología y 
Habitabilidad

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

MINECO RED2022-134726-T 20.000 € Planetología y 
Habitabilidad

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

COST Action 060/22 CA21146 Evolución Molecular

David Hochberg MIRROR-SYMMETRY BREAKING 
IN CONTINUOUS FLOW CHEMI-
CAL PROCESSES: THEORETI-
CAL ANALYSIS AND APPLICA-
TIONS TO CATALYSIS

Ministerio de Cien-
cia e Innovación 

PID2020-
116846GB-C22

28.798 € Evolución Molecular

Elena González Toril and 
Cristina Cid Sánchez

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

Ministerio de Cien-
cia e Innovación

PID2019-
104205GB-C22

Evolución Molecular

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

Ministerio de Cien-
cia e Innovación

PID2020-112949GB-I00 209.935 € Astrofísica

Ester Lázaro Experimental evolution 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 Villaver On the rocks II Ministerio de Cien-
cia e Innovación

PGC2018-101950-B-I00 121.000 € Astrofísica

Francisco J. Manjón and 
Olga Prieto-Ballesteros

MALTA-CONSOLIDER TEAM Agencia estatal RED2018-102612-T 14.000,00 € Planetología y 
Habitabilidad

Francisco Najarro de la 
Parra

Desarrollo y explotación de nue-
vas tecnologías para instrumen-
tación espacial en la Comunidad 
de Madrid.

Comunidad de 
Madrid 

TEC2SPACE. S2018/
NMT-4291

895.232 € Astrofísica

Francisco Najarro de 
la Parra and Izaskun 
Jiménez Serra

Contribución del CAB a SPICA, 
desarrollo de instrumentación 
criogénica y explotación científica 
multilongitud de onda

Ministerio de Cien-
cia e Innovación

PID2019-
105552RB-C41

1.108.965 € Astrofísica

G. M. Muñoz Caro Astrophysical ice processes MICINN PID2020-
118974GB-C21

70.180 € Astrofísica

Giovanni Lamanna and 
Enrique Solano

European Science Cluster of As-
tronomy & Particle physics ESFRI 
research Infrastructure

European Co-
mission. H2020 
Programme

INFRA-EOSC-4-2018 126.469 € Astrofísica
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Ongoing Funded Projects

Ignacio Mendigutía Star and planet formation across 
different astronomical scales

Agencia Estatal de 
Investigación

RYC2019-026992-I 40.000 € Astrofísica

Isabel Herreros Rotura de simetría en espejo en 
procesos químicos de flujo conti-
nuo: análisis teórico y aplicaciones 
a la catálisis (CHIRFLOWCHEM)

Ministerio de Cien-
cia e Innovación 

PID2020-
116846GB-C22

28.798 € Planetología y 
Habitabilidad

J. Ormö, K. Wünne-
mann, M. Jutzi, E. Stur-
kell and Isabel Herreros

Contribution to the DART-He-
ra (NASA/ESA) missions: a 
combined capacity of numerical 
and experimental simulations of 
heterogeneous materials

CSIC ILINK22061 22.554,40 € Planetología y 
Habitabilidad

J.A.R. Manfredi Science and technology of space 
instruments for characterizing 
the Martian environment within 
multiple NASA missions: REMS, 
TWINS and MEDA

MINECO RTI2018-098728-B-C31 Planetología y 
Habitabilidad

J.E. González Pastor Closing the circle: from cultures 
and function to genomes and me-
tagenomes and back in a salinity 
gradient (METACIRCLE)

Ministerio de Cien-
cia 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 microbio-
mes: towards a circular blue 
bioeconomy and healthier marine 
environments (BlueTools)

Programme: 
Horizon

HORI-
ZON-CL6-2022-CIRC-
BIO-01

623,382.5 € Evolución Molecular

Jacobo Aguirre and Raúl 
Guantes.

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

Ministerio de Cien-
cia e Innovación

PID2021-122936NB-I00 36.300 € Evolución Molecular

Jesús Maíz Apellániz Ocultas a plena vista: encontran-
do estrellas galácticas calientes 
masivas en el espectro visible

Agencia Estatal de 
Investigación

PGC2018-095049-
B-C22

Astrofísica

Jesús Manuel Sobrado 
Vallecillo

Imitando el subsuelo planetario en 
el laboratorio (MPSL)

PLAN ESTATAL I+D PID2020-
114047GB-100

96.500 € Instrumentación 
Avanzada

José Antonio Rodríguez 
Manfredi 

Caracterización y estudio de la di-
námica atmosférica de Marte con 
el instrumento MEDA, a bordo del 
rover Perseverance de NASA

INTRAMURAL CSIC 202250E145 104.000 € Instrumentación 
Avanzada

José Antonio Rodríguez 
Manfredi /Eduardo 
Sebastián Martínez

Ciencia y tecnología de instru-
mentos espaciales para la carac-
terización del ambiente marciano 
en múltiples misiones de NASA

PLAN ESTATAL I+D RTI2018-098728-B-C31 2.372.205 € Instrumentación 
Avanzada

José Antonio Rodríguez 
Manfredi /Eduardo 
Sebastián Martínez

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

PLAN ESTATAL I+D PID2021-
126719OB-C41

968.000 € Instrumentación 
Avanzada

Juan Miguel González 
Grau

Red Nacional de Microorganis-
mos Extremófilos (REDEX)

MINECO RED2018-102734-T. 
2020/22

Evolución Molecular

Kevin Freedman, Arman-
do Azua-Bustos

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

Human Frontier 
Science Program

RGY0066/2018 750.000 $ Planetología y 
Habitabilidad

L. Colina Instrumentación MIRI Telescopio 
Espacial James Webb

The Science and 
Technology Facilities 
Council

MIRI2015 513.824 € Astrofísica
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Laura Sánchez-García Forensic Geochemistry: on the 
search for biosignatures in extre-
me environments by exploiting 
molecular and isotopic tools (RyC 
Project)

Ministerio de Cien-
cia e Innovación 
(MICINN)

RYC2018-023943-I 308.600 € Evolución Molecular

Luis Ignacio Pastor 
Pérez and Susana Mata 
Fernández

Técnicas transversales para la 
visualización y análisis de datos 
complejos y multimodales. VADIS

Ed. and Sci. Ministry PID2020-
113013RB-C21

108.295 € Planetología y 
Habitabilidad

M. Cerviño Estallidos de formación estelar 
a lo largo de la evolución del 
Universo

Ministerio de Cien-
cia e Innovación

PID2019-
107408GB-C41

121.000 € Astrofísica

M. Giustini Unveiling Black Hole Winds from 
Space

Programa de 
Atracción de Talento 
de la Comunidad de 
Madrid

2018-T1/TIC-11733 143.000 € Astrofísica

María Rosa Zapatero 
Osorio, Jorge Sanz 
Forcada

Enanas marrones y planetas aisla-
dos y alrededor de estrellas

Agencia Estatal de 
Investigación

PID2019-
109522GB-C51

217.800 € Astrofísica

Maria-Paz Zorzano CAMELIA (the cycle of aerosols 
on Mars and Earth, a comparative 
study. Implications for life and 
planetary protection). 

165.200€ Planetología y 
Habitabilidad

MARIA-PAZ ZORZANO 
MIER and CARMEN 
CORDOBA JABONERO

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

Ministerio de Cien-
cia e Innovación, 
PLAN ESTATAL de 
I+D+I

PID2019-
104205GB-C21

88.000 € Evolución Molecular

OLGA PRIETO BALLES-
TEROS and DANIEL 
CARRIZO GALLARDO

Operacion Tecnica Y Explotacion 
Cientifica de Datos En Rls De 
Exomars, y Contribucion Al Rax 
De Mmx

Ministerio de Cien-
cia e Innovación, 
PLAN ESTATAL de 
I+D+I

PID2019-
107442RB-C32

665.379 € Planetología y 
Habitabilidad

Olga Prieto-Ballesteros PANGAEA Portable Handheld 
Spectrometer for Geological 
Characterisation

ESA and INTA 4000138579/22/NL/AT 599.800,00 € Planetología y 
Habitabilidad

R. Martín Doménech Linking laboratory simulations 
and astronomical observations 
to constrain the Sulfur and 
Phosphorus

La Caixa Junior 
Leader

297.900 € Astrofísica

Roberto Rosal García Red Temática de Micro y Nano-
plásticos en el Medio Ambiente 
(EnviroPlaNet)

MINECO RED2018-102734-T. 
2020/22

Evolución Molecular

S. Arribas & A. Labiano, 
L. Colina as coI

Participación española en el pro-
yecto JWST. Actividades previas 
al lanzamiento, caracterización en 
órbita y preparación  de progra-
mas científicos de tiempo

Ministerio de Cien-
cia e Innovación

PID2019-106280GB-I00 221.793 € Astrofísica

S. Arribas, Luis Colina Participación española en el 
Telescopio Espacial James Webb:  
Actividades técnicas posteriores 
al lanzamiento y programas cientí-
ficos asociados

Ministerio de Cien-
cia e Innovación 

PID2021-127718NB-I00 484.000 € Astrofísica

V. Parro Past and present signs of life 
detection in planetary exploration 
(SOLID)

Ministry of Science 
and Innovation-AEI

PID2021-126746NB-I00 Planetología y 
Habitabilidad

V.M. Rivilla Cosmic Origins of Life (COOL) Atracción de Talento 
Investigador (Docto-
res con experiencia)

2019-T1/TIC-15379 192.000 € Astrofísica

Ongoing Funded Projects
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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

Victorino Parro and Mer-
cedes Moreno-Paz

SOLID: Detección de Señales de 
Vida en Exploración Planetaria

Agencia Estatal de 
Investigación (AEI, 
MICINN)

RTI2018-094368-B-I00 482.000 € Evolución Molecular

Xavier Luri Red Española de Explotación 
Científica de Gaia

Ministerio de 
Ciencia, Innovación 
y Universidades

RED2018-102672-T 15.000 € Astrofísica

Enrique Solano The Gaia DR3 Catalogue of 
Galactic AGB Stars

European Space 
Agency 

4000139151/22/ES/CM 60.000 € Astrofísica

Ongoing Funded Projects
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Mars Sample Return Concept Illustration. Credits: NASA/JPL-Caltech.



(Articles and Reviews)
Publications

137

Annual Report 2022



Annual Report 2022

138
Publications

Publicaciones

Aguado, D. S., Molaro, P., Caffau, E., González Hernández, J. I., Zapatero Osorio, M. R., Bonifacio, P., Allende Prieto, C., Rebolo, R., Damasso, 
M., Suárez Mascareño, A., Howell, S. B., Furlan, E., Cristiani, S., Cupani, G., Di Marcantonio, P., D’Odorico, V., Lovis, C., Martins, C. J. A. P., 
Milakovi, D., Murphy, M. T., Nunes, N. J., Pepe, F., Santos, N. C., Schmidt, T. M. and Sozzetti, A. (2022) ‘ESPRESSO observations of HE 0107-
5240 and other CEMP-no stars with [Fe/H] ≤ -4.5∗’, Astronomy and Astrophysics, 668.

Aguirre, J. (2022) ‘Life finds a way’, Nature Ecology and Evolution, 6(11), pp. 1599-1600.

Aja, B., Arguedas Cuendis, S., Arregui, I., Artal, E., Barreiro, R., Casas, F., de Ory, M., Díaz-Morcillo, A., de la Fuente, L., Gallego, J., García-Bar-
celó, J., Gimeno, B., Gomez, A., Granados, D., Kavanagh, B., Laso, M., Lopetegi, T., Lozano-Guerrero, A., Magaz, M., Martín-Pintado, J., 
Martínez-González, E., Miralda-Escudé, J., Monzó-Cabrera, J., Najarro de la Parra, F., Navarro-Madrid, J., Nuñez Chico, A., Pascual, J., Pelegrin, 
J., Peña Garay, C., Rodriguez, D., Socuéllamos, J., Teberio, F., Teniente, J., Vielva, P., Vila, I., Vilar, R. and Villa, E. (2022) ‘The Canfranc Axion 
Detection Experiment (CADEx): search for axions at 90 GHz with Kinetic Inductance Detectors’, Journal of Cosmology and Astroparticle Physics, 
2022(11).

Alam, M. K., Kirk, J., Dressing, C. D., López-Morales, M., Ohno, K., Gao, P., Akinsanmi, B., Santerne, A., Grouffal, S., Adibekyan, V., Barros, S. 
C. C., Buchhave, L. A., Crossfield, I. J. M., Dai, F., Deleuil, M., Giacalone, S., Lillo-Box, J., Marley, M., Mayo, A. W., Mortier, A., Santos, N. C., 
Sousa, S. G., Turtelboom, E. V., Wheatley, P. J. and Vanderburg, A. M. (2022) ‘The First Near-infrared Transmission Spectrum of HIP 41378 f, A 
Low-mass Temperate Jovian World in a Multiplanet System’, Astrophysical Journal Letters, 927(1).

Alcolea, J., Agúndez, M., Bujarrabal, V., Castro-Carrizo, A., Desmurs, J. F., Martínez-Fernández, J. E., Contreras, C. S. and Santander-García, M. 
(2022) ‘M 1–92 Revisited: New Findings and Open Questions: New NOEMA Observations of Minkowski’s Footprint’, Galaxies, 10(2).

Alfaro, E. J., Jiménez, M., Sánchez-Gil, M. C., Sánchez, N., González, M. and Apellániz, J. M. (2022) ‘Topography of the Young Galactic Disk: 
Spatial and Kinematic Patterns of Clustered Star Formation in the Solar Neighborhood’, Astrophysical Journal, 937(2).

Anglés, A., He, Q., Sánchez García, L., Carrizo, D., Rodriguez, N., Huang, T., Shen, Y., Amils, R. and Fernández-Remolar, D. C. (2022) ‘Biospele-
othems Formed by Fungal Activity During the Early Holocene in the “Salar de Uyuni”’, Frontiers in Microbiology, 13.

Apestigue, V., Gonzalo, A., Jiménez, J. J., Boland, J., Lemmon, M., De Mingo, J. R., Menendez, E. G., Rivas, J., Azcue, J., Bastide, L., Santiuste, 
N. A., Oter, J. M., Guerrero, M. G., Ortega, A. M., Toledo, D., Rios, F. J. A., Serrano, F., Vodopivec, B. M., Manzano, J., López, R., Carrasco, I., 
Carretero, S. A., Macdonald, D. R., Moore, L. B., Alcacera, M. Á., Fernández-Viguri, J. A., Martín, I., Yela, M., Álvarez, M., Manzano, P., Martín, J. 
A., Del Hoyo, J. C., Reina, M., Urqui, R., Rodriguez-Manfredi, J. A., De La Torre Juárez, M., Hernandez, C., Cordoba, E., Leiter, R., Thompson, 
A., Madsen, S., Smith, M. D., Moreiras, D. V., Lopez, A. S., Lavega, A. S., Martín, L. G., Martínez, G. M., Gómez-Elvira, F. J. and Arruego, I. (2022) 
‘Radiation and Dust Sensor for Mars Environmental Dynamic Analyzer Onboard M2020 Rover’, Sensors, 22(8).

Arcodia, R., Miniutti, G., Ponti, G., Buchner, J., Giustini, M., Merloni, A., Nandra, K., Vincentelli, F., Kara, E., Salvato, M. and Pasham, D. (2022) ‘The 
complex time and energy evolution of quasi-periodic eruptions in eRO-QPE1’, Astronomy and Astrophysics, 662.

Arrazola, D., de Ory, M. C., Aja, B., de la Fuente, L., Pascual, J. P., Artal, E., Granados, D. and Gomez, A. (2022) ‘Optomechanical Design for 
Optical Performance Characterization of W-band Kinetic Inductance Detectors’, Journal of Low Temperature Physics, 209(5-6), pp. 1226-1231.

Azevedo Silva, T., Demangeon, O. D. S., Barros, S. C. C., Armstrong, D. J., Otegi, J. F., Bossini, D., Delgado Mena, E., Sousa, S. G., Adibekyan, 
V., Nielsen, L. D., Dorn, C., Lillo-Box, J., Santos, N. C., Hoyer, S., Stassun, K. G., Almenara, J. M., Bayliss, D., Barrado, D., Boisse, I., Brown, D. 
J. A., Díaz, R. F., Dumusque, X., Figueira, P., Hadjigeorghiou, A., Hojjatpanah, S., Mousis, O., Osborn, A., Santerne, A., Strøm, P. A., Udry, S. and 
Wheatley, P. J. (2022a) ‘The HD 137496 system: A dense, hot super-Mercury and a cold Jupiter’, Astronomy and Astrophysics, 657.

Azevedo Silva, T., Demangeon, O. D. S., Santos, N. C., Allart, R., Borsa, F., Cristo, E., Esparza-Borges, E., Seidel, J. V., Palle, E., Sousa, S. G., 
Tabernero, H. M., Zapatero Osorio, M. R., Cristiani, S., Pepe, F., Rebolo, R., Adibekyan, V., Alibert, Y., Barros, S. C. C., Bouchy, F., Bourrier, V., 
Lo Curto, G., Di Marcantonio, P., D’Odorico, V., Ehrenreich, D., Figueira, P., González Hernández, J. I., Lovis, C., Martins, C. J. A. P., Mehner, A., 
Micela, G., Molaro, P., Mounzer, D., Nunes, N. J., Sozzetti, A., Suárez Mascareño, A. and Udry, S. (2022b) ‘Detection of barium in the atmospheres 
of the ultra-hot gas giants WASP-76b and WASP-121b’, Astronomy and Astrophysics, 666.

Azua-Bustos, A., González-Silva, C. and Fairén, A. G. (2022) ‘The Atacama Desert in Northern Chile as an Analog Model of Mars’, Frontiers in 
Astronomy and Space Sciences, 8.

Baroch, D., Giménez, A., Morales, J. C., Ribas, I., Herrero, E., Perdelwitz, V., Jordi, C., Granzer, T. and Prieto, C. A. (2022) ‘Absolute dimensions 
and apsidal motion of the eclipsing binaries V889 Aquilae and V402 Lacertae’, Astronomy and Astrophysics, 665.

Barragán, O. and Armstrong, D. J. and Gandolfi, D. and Carleo, I. and Vidotto, A. A. and Villarreal D’Angelo, C. and Oklopσiσ, A. and Isaacson, H. 
and Oddo, D. and Collins, K. and Fridlund, M. and Sousa, S. G. and Persson, C. M. and Hellier, C. and Howell, S. and Howard, A. and Redfield, S. 



Annual Report 2022

139
(Articles and Reviews)

Publications

and Eisner, N. and Georgieva, I. Y. and Dragomir, D. and Bayliss, D. and Nielsen, L. D. and Klein, B. and Aigrain, S. and Zhang, M. and Teske, J. 
and Twicken, J. D. and Jenkins, J. and Esposito, M. and Van Eylen, V. and Rodler, F. and Adibekyan, V. and Alarcon, J. and Anderson, D. R. and 
Akana Murphy, J. M. and Barrado, D. and Barros, S. C. C. and Benneke, B. and Bouchy, F. and Bryant, E. M. and Butler, R. P. and Burt, J. and 
Cabrera, J. and Casewell, S. and Chaturvedi, P. and Cloutier, R. and Cochran, W. D. and Crane, J. and Crossfield, I. and Crouzet, N. and Collins, 
K. I. and Dai, F. and Deeg, H. J. and Deline, A. and Demangeon, O. D. S. and Dumusque, X. and Figueira, P. and Furlan, E. and Gnilka, C. and 
Goad, M. R. and Goffo, E. and Gutiérrez-Canales, F. and Hadjigeorghiou, A. and Hartman, Z. and Hatzes, A. P. and Harris, M. and Henderson, B. 
and Hirano, T. and Hojjatpanah, S. and Hoyer, S. and Kabáth, P. and Korth, J. and Lillo-Box, J. and Luque, R. and Marmier, M. and Moσnik, T. and 
Muresan, A. and Murgas, F. and Nagel, E. and Osborne, H. L. M. and Osborn, A. and Osborn, H. P. and Palle, E. and Raimbault, M. and Ricker, G. 
R. and Rubenzahl, R. A. and Stockdale, C. and Santos, N. C. and Scott, N. and Schwarz, R. P. and Shectman, S. and Seager, S. and Ségransan, 
D. and Serrano, L. M. and Skarka, M. and Smith, A. M. S. and Šubjak, J. and Tan, T. G. and Udry, S. and Watson, C. and Wheatley, P. J. and 
West, R. and Winn, J. N. and Wang, S. X. and Wolfgang, A. and Ziegler, C. (2022) ‘The young HD 73583 (TOI-560) planetary system: two 10-M 
mini-Neptunes transiting a 500-Myr-old, bright, and active K dwarf’, Monthly Notices of the Royal Astronomical Society, 514(2), pp. 1606-1627.

Barros, S. C. C., Akinsanmi, B., Boué, G., Smith, A. M. S., Laskar, J., Ulmer-Moll, S., Lillo-Box, J., Queloz, D., Cameron, A. C., Sousa, S. G., 
Ehrenreich, D., Hooton, M. J., Bruno, G., Demory, B. O., Correia, A. C. M., Demangeon, O. D. S., Wilson, T. G., Bonfanti, A., Hoyer, S., Alibert, Y., 
Alonso, R., Escudé, G. A., Barbato, D., Bárczy, T., Barrado, D., Baumjohann, W., Beck, M., Beck, T., Benz, W., Bergomi, M., Billot, N., Bonfils, 
X., Bouchy, F., Brandeker, A., Broeg, C., Cabrera, J., Cessa, V., Charnoz, S., Damme, C. C. V., Davies, M. B., Deleuil, M., Deline, A., Delrez, L., 
Erikson, A., Fortier, A., Fossati, L., Fridlund, M., Gandolfi, D., Muñoz, A. G., Gillon, M., Güdel, M., Isaak, K. G., Heng, K., Kiss, L., Des Etangs, A. 
L., Lendl, M., Lovis, C., Magrin, D., Nascimbeni, V., Maxted, P. F. L., Olofsson, G., Ottensamer, R., Pagano, I., Pallé, E., Parviainen, H., Peter, G., 
Piotto, G., Pollacco, D., Ragazzoni, R., Rando, N., Rauer, H., Ribas, I., Santos, N. C., Scandariato, G., Ségransan, D., Simon, A. E., Steller, M., 
Szabó, G. M., Thomas, N., Udry, S., Ulmer, B., Van Grootel, V. and Walton, N. A. (2022a) ‘Detection of the tidal deformation of WASP-103b at 3 
σ with CHEOPS’, Astronomy and Astrophysics, 657.

Barros, S. C. C., Demangeon, O. D. S., Alibert, Y., Leleu, A., Adibekyan, V., Lovis, C., Bossini, D., Sousa, S. G., Hara, N., Bouchy, F., Lavie, B., 
Rodrigues, J., Gomes Da Silva, J., Lillo-Box, J., Pepe, F. A., Tabernero, H. M., Zapatero Osorio, M. R., Sozzetti, A., Suárez Mascareño, A., Micela, 
G., Allende Prieto, C., Cristiani, S., Damasso, M., Di Marcantonio, P., Ehrenreich, D., Faria, J., Figueira, P., González Hernández, J. I., Jenkins, J., 
Lo Curto, G., Martins, C. J. A. P., Nunes, N. J., Pallé, E., Santos, N. C., Rebolo, R., Seager, S., Twicken, J. D., Udry, S., Vanderspek, R. and Winn, 
J. N. (2022b) ‘HD 23472: a multi-planetary system with three super-Earths and two potential super-Mercuries’, Astronomy and Astrophysics, 665.

Barstow, M. A., Aigrain, S., Barstow, J. K., Barthelemy, M., Biller, B., Bonanos, A., Buchhave, L., Casewell, S. L., Charbonnel, C., Charlot, S., 
Davies, R., Devaney, N., Evans, C., Ferrari, M., Fossati, L., Gänsicke, B., Garcia, M., de Castro, A. I. G., Henning, T., Lintott, C., Knigge, C., Neiner, 
C., Rossi, L., Snodgrass, C., Stam, D., Tolstoy, E. and Tosi, M. (2022) ‘The search for living worlds and the connection to our cosmic origins’, 
Experimental Astronomy, 54(2-3), pp. 1275-1306.

Batra, G., Pinacho, P., Steber, A. L., Rivilla, V. M., Martín-Pintado, J., Jiménez-Serra, I. and Schnell, M. (2022) ‘The missing conformer: A com-
prehensive rotational spectroscopy study and astronomical search of two conformers of methyl cyanoacetate’, Frontiers in Astronomy and Space 
Sciences, 9.

Battalio, J. M., Martínez, G., Newman, C., de la Torre Juarez, M., Sánchez-Lavega, A. and Víudez-Moreiras, D. (2022) ‘Planetary Waves Traveling 
Between Mars Science Laboratory and Mars 2020’, Geophysical Research Letters, 49(21).

Behrens, E., Mangum, J. G., Holdship, J., Viti, S., Harada, N., Martín, S., Sakamoto, K., Muller, S., Tanaka, K., Nakanishi, K., Herrero-Illana, R., 
Yoshimura, Y., Aladro, R., Colzi, L., Emig, K. L., Henkel, C., Huang, K. Y., Humire, P. K., Meier, D. S., Rivilla, V. M. and van der Werf, P. P. (2022) 
‘Tracing Interstellar Heating: An ALCHEMI Measurement of the HCN Isomers in NGC 253’, Astrophysical Journal, 939(2).

Bell, J. F., III, Maki, J. N., Alwmark, S., Ehlmann, B. L., Fagents, S. A., Grotzinger, J. P., Gupta, S., Hayes, A., Herkenhoff, K. E., Horgan, B. H. N., 
Johnson, J. R., Kinch, K. B., Lemmon, M. T., Madsen, M. B., Núñez, J. I., Paar, G., Rice, M., Rice, J. W., Jr., Schmitz, N., Sullivan, R., Vaughan, 
A., Wolff, M. J., Bechtold, A., Bosak, T., Duflot, L. E., Fairén, A. G., Garczynski, B., Jaumann, R., Merusi, M., Million, C., Ravanis, E., Shuster, D. L., 
Simon, J., St Clair, M., Tate, C., Walter, S., Weiss, B., Bailey, A. M., Bertrand, T., Beyssac, O., Brown, A. J., Caballo-Perucha, P., Caplinger, M. A., 
Caudill, C. M., Cary, F., Cisneros, E., Cloutis, E. A., Cluff, N., Corlies, P., Crawford, K., Curtis, S., Deen, R., Dixon, D., Donaldson, C., Barrington, M., 
Ficht, M., Fleron, S., Hansen, M., Harker, D., Howson, R., Huggett, J., Jacob, S., Jensen, E., Jensen, O. B., Jodhpurkar, M., Joseph, J., Juarez, C., 
Kah, L. C., Kanine, O., Kristensen, J., Kubacki, T., Lapo, K., Magee, A., Maimone, M., Mehall, G. L., Mehall, L., Mollerup, J., Viúdez-Moreiras, D., 
Paris, K., Powell, K. E., Preusker, F., Proton, J., Rojas, C., Sallurday, D., Saxton, K., Scheller, E., Seeger, C. H., Starr, M., Stein, N., Turenne, N., Van 
Beek, J., Winhold, A. G. and Yingling, R. (2022) ‘Geological, multispectral, and meteorological imaging results from the Mars 2020 Perseverance 
rover in Jezero crater’, Science Advances, 8(47).



Annual Report 2022

140
Publications

Publicaciones

Bellocchi, E., Pereira-Santaella, M., Colina, L., Labiano, A., Sánchez-García, M., Alonso-Herrero, A., Arribas, S., García-Burillo, S., Villar-Martín, M., 
Rigopoulou, D., Valentino, F., Puglisi, A., Díaz-Santos, T., Cazzoli, S. and Usero, A. (2022) ‘Compact molecular gas emission in local LIRGs among 
low- and high- z galaxies’, Astronomy and Astrophysics, 664.

Beltrán, M. T., Rivilla, V. M., Cesaroni, R., Galli, D., Moscadelli, L., Ahmadi, A., Beuther, H., Etoka, S., Goddi, C., Klaassen, P. D., Kuiper, R., Kumar, 
M. S. N., Lorenzani, A., Peters, T., Sánchez-Monge, A., Schilke, P., Van Der Tak, F. and Vig, S. (2022a) ‘The sharp ALMA view of infall and outflow 
in the massive protocluster G31.41+0.31’, Astronomy and Astrophysics, 659.

Beltrán, M. T., Rivilla, V. M., Kumar, M. S. N., Cesaroni, R. and Galli, D. (2022b) ‘Cloud-cloud collision as origin of the G31.41+0.31 massive pro-
tocluster’, Astronomy and Astrophysics, 660.

Ben-Jaffel, L., Ballester, G. E., Muñoz, A. G., Lavvas, P., Sing, D. K., Sanz-Forcada, J., Cohen, O., Kataria, T., Henry, G. W., Buchhave, L., 
Mikal-Evans, T., Wakeford, H. R. and López-Morales, M. (2022) ‘Signatures of strong magnetization and a metal-poor atmosphere for a Nep-
tune-sized exoplanet’, Nature Astronomy, 6(1), pp. 141-153.

Billi, D., Blanco, Y., Ianneo, A., Moreno-Paz, M., Aguirre, J., Baqué, M., Moeller, R., De Vera, J. P. and Parro, V. (2022) ‘Mars-like UV Flux and 
Ionizing Radiation Differently Affect Biomarker Detectability in the Desert Cyanobacterium Chroococcidiopsis as Revealed by the Life Detector Chip 
Antibody Microarray’, Astrobiology, 22(10), pp. 1199-1209.

Binette, L., Martín, M. V., Magris, G. C., Martínez-Paredes, M., Alarie, A., Ardila, A. R. and Villicaña-Pedraza, I. (2022) ‘TEMPERATURE DISCREP-
ANCY with PHOTOIONIZATION MODELS of the NARROW-LINE REGION’, Revista Mexicana de Astronomia y Astrofisica, 58(1), pp. 133-153.

Binks, A. S., Jeffries, R. D., Sacco, G. G., Jackson, R. J., Cao, L., Bayo, A., Bergemann, M., Bonito, R., Gilmore, G., Gonneau, A., Jiminéz-Este-
ban, F., Morbidelli, L., Randich, S., Roccatagliata, V., Smiljanic, R. and Zaggia, S. (2022) ‘The Gaia-ESO survey: constraining evolutionary models 
and ages for young low mass stars with measurements of lithium depletion and rotation’, Monthly Notices of the Royal Astronomical Society, 
513(4), pp. 5727-5751.

Birkmann, S. M., Ferruit, P., Giardino, G., Nielsen, L. D., García Munoz, A., Kendrew, S., Rauscher, B. J., Beck, T. L., Keyes, C., Valenti, J. A., 
Jakobsen, P., Dorner, B., Alves De Oliveira, C., Arribas, S., Boker, T., Bunker, A. J., Charlot, S., De Marchi, G., Kumari, N., López-Caniego, M., 
Lutzgendorf, N., Maiolino, R., Manjavacas, E., Marston, A., Moseley, S. H., Prizkal, N., Proffitt, C., Rawle, T., Rix, H. W., Te Plate, M., Sabbi, E., 
Sirianni, M., Willott, C. J. and Zeidler, P. (2022) ‘The Near-Infrared Spectrograph (NIRSpec) on the James Webb Space Telescope: IV. Capabilities 
and predicted performance for exoplanet characterization’, Astronomy and Astrophysics, 661.

Bizzocchi, L., Alessandrini, S., Melosso, M., Rivilla, V. M. and Puzzarini, C. (2022) ‘Ab Initio Study of Fine and Hyperfine Interactions in Triplet POH’, 
Molecules, 27(1).

Blomme, R., Daflon, S., Gebran, M., Herrero, A., Lobel, A., Mahy, L., Martins, F., Morel, T., Berlanas, S. R., Blazère, A., Frémat, Y., Gosset, E., 
Maíz Apellániz, J., Santos, W., Semaan, T., Simón-Díaz, S., Volpi, D., Holgado, G., Jiménez-Esteban, F., Nieva, M. F., Przybilla, N., Gilmore, G., 
Randich, S., Negueruela, I., Prusti, T., Vallenari, A., Alfaro, E. J., Bensby, T., Bragaglia, A., Flaccomio, E., Francois, P., Korn, A. J., Lanzafame, A., 
Pancino, E., Smiljanic, R., Bergemann, M., Carraro, G., Franciosini, E., Gonneau, A., Heiter, U., Hourihane, A., Jofré, P., Magrini, L., Morbidelli, L., 
Sacco, G. G., Worley, C. C. and Zaggia, S. (2022) ‘The Gaia -ESO Survey: The analysis of the hot-star spectra’, Astronomy and Astrophysics, 661.

Boccaletti, A., Cossou, C., Baudoz, P., Lagage, P. O., Dicken, D., Glasse, A., Hines, D. C., Aguilar, J., Detre, O., Nickson, B., Noriega-Crespo, A., 
Gáspár, A., Labiano, A., Stark, C., Rouan, D., Reess, J. M., Wright, G. S., Rieke, G., Garcia Marin, M., Lajoie, C., Girard, J., Perrin, M., Soummer, 
R. and Pueyo, L. (2022) ‘JWST/MIRI coronagraphic performances as measured on-sky’, Astronomy and Astrophysics, 667.

Bonales, L. J. and Mateo-Martí, E. (2022) ‘Study of the Stability of Gly·MgSO 4 ·5H 2 O under Simulated Martian Conditions by in Situ Raman 
Spectroscopy’, Astrobiology, 22(1), pp. 75-86.

Bonales, L. J., Muñoz-Iglesias, V., Prieto-Ballesteros, O. and Mateo-Martí, E. (2022a) ‘Preservation of glycine coordination compounds under a 
gamma radiation dose representative of natural mars radioactivity’, Scientific Reports, 12(1).

Bonales, L. J., Rodríguez-Villagra, N., Fernandez-Sampedro, M. and Mateo-Martí, E. (2022b) ‘Dehydration rate of the glycine-MgSO4·5H2O 
complex and the stability of glycine expelled from the complex by in situ Raman spectroscopy under Mars-relevant conditions’, Journal of Raman 
Spectroscopy, 53(4), pp. 724-734.

Bonales, L. J., Rodríguez-Villagra, N., Milena-Pérez, A., Ramos, M. C. J., Lopez, J. G. and Cobos, J. (2022c) ‘Oxygen diffusion coefficient and 
characterization of leachant in UO2 corrosion studied by new methods’, Solid State Ionics, 380.



Annual Report 2022

141
(Articles and Reviews)

Publications

Bonales, L. J., Rodríguez-Villagra, N., Sánchez-García, I. and Montoro, O. R. (2022d) ‘U(VI) speciation studies by Raman spectroscopy technique 
in the production of nuclear fuel’, Progress in Nuclear Energy, 145.

Bordiu, C., Rizzo, J. R., Bufano, F., Quintana-Lacaci, G., Buemi, C., Leto, P., Cavallaro, F., Cerrigone, L., Ingallinera, A., Loru, S., Riggi, S., Trigilio, 
C., Umana, G. and Sciacca, E. (2022) ‘First Detection of Silicon-bearing Molecules in σ Car’, Astrophysical Journal Letters, 939(2).

Bourdon-García, R. D., Ágreda, J., Burgos-Salcedo, J., Hochberg, D., Ribó, J. M., Bargueño, P. and Estupiñan Salamanca, A. (2022) ‘Stoichi-
ometric network analysis in reaction networks yielding spontaneous mirror symmetry breaking in a prebiotic atmosphere’, Physical Chemistry 
Chemical Physics, 24(35), pp. 20788-20802.

Bourrier, V., Deline, A., Krenn, A., Egger, J. A., Petit, A. C., Malavolta, L., Cretignier, M., Billot, N., Broeg, C., Florén, H. G., Queloz, D., Alibert, Y., 
Bonfanti, A., Bonomo, A. S., Delisle, J. B., Demangeon, O. D. S., Demory, B. O., Dumusque, X., Ehrenreich, D., Haywood, R. D., Howell, S. B., 
Lendl, M., Mortier, A., Nigro, G., Salmon, S., Sousa, S. G., Wilson, T. G., Adibekyan, V., Alonso, R., Anglada, G., Bárczy, T., Barrado Y Navascues, 
D., Barros, S. C. C., Baumjohann, W., Beck, M., Benz, W., Biondi, F., Bonfils, X., Brandeker, A., Cabrera, J., Charnoz, S., Csizmadia, S., Collier 
Cameron, A., Damasso, M., Davies, M. B., Deleuil, M., Delrez, L., Di Fabrizio, L., Erikson, A., Fortier, A., Fossati, L., Fridlund, M., Gandolfi, D., Gillon, 
M., Güdel, M., Heng, K., Hoyer, S., Isaak, K. G., Kiss, L. L., Laskar, J., Lecavelier Des Etangs, A., Lorenzi, V., Lovis, C., Magrin, D., Massa, A., 
Maxted, P. F. L., Nascimbeni, V., Olofsson, G., Ottensamer, R., Pagano, I., Pallé, E., Peter, G., Piotto, G., Pollacco, D., Ragazzoni, R., Rando, N., 
Rauer, H., Ribas, I., Santos, N. C., Scandariato, G., Ségransan, D., Simon, A. E., Smith, A. M. S., Steller, M., Szabó, G. M., Thomas, N., Udry, S., 
Van Grootel, V., Verrecchia, F., Walton, N., Beck, T., Buder, M., Ratti, F., Ulmer, B. and Viotto, V. (2022a) ‘A CHEOPS-enhanced view of the HD 
3167 system’, Astronomy and Astrophysics, 668.

Bourrier, V., Zapatero Osorio, M. R., Allart, R., Attia, O., Cretignier, M., Dumusque, X., Lovis, C., Adibekyan, V., Borsa, F., Figueira, P., González 
Hernández, J. I., Mehner, A., Santos, N. C., Schmidt, T., Seidel, J. V., Sozzetti, A., Alibert, Y., Casasayas-Barris, N., Ehrenreich, D., Lo Curto, G., 
Martins, C. J. A. P., Di Marcantonio, P., Mégevand, D., Nunes, N. J., Palle, E., Poretti, E. and Sousa, S. G. (2022b) ‘The polar orbit of the warm 
Neptune GJ 436b seen with VLT/ESPRESSO’, Astronomy and Astrophysics, 663.

Bouy, H., Tamura, M., Barrado, D., Motohara, K., Castro Rodríguez, N., Miret-Roig, N., Konishi, M., Koyama, S., Takahashi, H., Huélamo, N., Ber-
tin, E., Olivares, J., Sarro, L. M., Berihuete, A., Cuillandre, J. C., Galli, P. A. B., Yoshii, Y. and Miyata, T. (2022) ‘Infrared spectroscopy of free-floating 
planet candidates in Upper Scorpius and Ophiuchus’, Astronomy and Astrophysics, 664.

Bragaglia, A., Alfaro, E. J., Flaccomio, E., Blomme, R., Donati, P., Costado, M., Damiani, F., Franciosini, E., Prisinzano, L., Randich, S., Friel, E. D., 
Hatztidimitriou, D., Vallenari, A., Spagna, A., Balaguer-Nunez, L., Bonito, R., Cantat Gaudin, T., Casamiquela, L., Jeffries, R. D., Jordi, C., Magrini, 
L., Drew, J. E., Jackson, R. J., Abbas, U., Caramazza, M., Hayes, C., Jiménez-Esteban, F. M., Re Fiorentin, P., Wright, N., Bayo, A., Bensby, T., 
Bergemann, M., Gilmore, G., Gonneau, A., Heiter, U., Hourihane, A., Pancino, E., Sacco, G., Smiljanic, R., Zaggia, S. and Vink, J. S. (2022) ‘The 
Gaia-ESO Survey: Target selection of open cluster stars’, Astronomy and Astrophysics, 659.

Braito, V., Reeves, J. N., Matzeu, G., Severgnini, P., Ballo, L., Cicone, C., Ceca, R. D., Giustini, M. and Sirressi, M. (2022) ‘Dramatic Changes in 
the Observed Velocity of the Accretion Disk Wind in MCG-03-58-007 Are Revealed by XMM-Newton and NuSTAR’, Astrophysical Journal, 926(2).

Brandeker, A., Heng, K., Lendl, M., Patel, J. A., Morris, B. M., Broeg, C., Guterman, P., Beck, M., Maxted, P. F. L., Demangeon, O., Delrez, L., 
Demory, B. O., Kitzmann, D., Santos, N. C., Singh, V., Alibert, Y., Alonso, R., Anglada, G., Bárczy, T., Barrado y Navascues, D., Barros, S. C. 
C., Baumjohann, W., Beck, T., Benz, W., Billot, N., Bonfils, X., Bruno, G., Cabrera, J., Charnoz, S., Collier Cameron, A., Corral van Damme, C., 
Csizmadia, S., Davies, M. B., Deleuil, M., Deline, A., Ehrenreich, D., Erikson, A., Farinato, J., Fortier, A., Fossati, L., Fridlund, M., Gandolfi, D., Gillon, 
M., Güdel, M., Hoyer, S., Isaak, K. G., Kiss, L., Laskar, J., Lecavelier des Etangs, A., Lovis, C., Luntzer, A., Magrin, D., Nascimbeni, V., Olofsson, 
G., Ottensamer, R., Pagano, I., Pallé, E., Peter, G., Piotto, G., Pollacco, D., Queloz, D., Ragazzoni, R., Rando, N., Rauer, H., Ribas, I., Scandariato, 
G., Ségransan, D., Simon, A. E., Smith, A. M. S., Sousa, S. G., Steller, M., Szabó, G. M., Thomas, N., Udry, S., van Grootel, V., Walton, N. and 
Wolter, D. (2022) ‘CHEOPS geometric albedo of the hot Jupiter HD 209458 b’, Astronomy and Astrophysics, 659.

Brands, S. A., De Koter, A., Bestenlehner, J. M., Crowther, P. A., Sundqvist, J. O., Puls, J., Caballero-Nieves, S. M., Abdul-Masih, M., Driessen, 
F. A., García, M., Geen, S., Gräfener, G., Hawcroft, C., Kaper, L., Keszthelyi, Z., Langer, N., Sana, H., Schneider, F. R. N., Shenar, T. and Vink, J. 
S. (2022) ‘The R136 star cluster dissected with Hubble Space Telescope/STIS: III. The most massive stars and their clumped winds’, Astronomy 
and Astrophysics, 663.

Brusa, M., Urrutia, T., Toba, Y., Buchner, J., Li, J. Y., Liu, T., Perna, M., Salvato, M., Merloni, A., Musiimenta, B., Nandra, K., Wolf, J., Arcodia, R., 
Dwelly, T., Georgakakis, A., Goulding, A., Matsuoka, Y., Nagao, T., Schramm, M., Silverman, J. D. and Terashima, Y. (2022) ‘The eROSITA Final 
Equatorial-Depth Survey (eFEDS): The first archetypal quasar in the feedback phase discovered by eROSITA’, Astronomy and Astrophysics, 661.



Annual Report 2022

142
Publications

Publicaciones

Buttitta, C., Corsini, E. M., Cuomo, V., Aguerri, J. A. L., Coccato, L., Costantin, L., Dalla Bontà, E., Debattista, V. P., Iodice, E., Méndez-Abreu, J., 
Morelli, L. and Pizzella, A. (2022) ‘A slow bar in the lenticular barred galaxy NGC 4277’, Astronomy and Astrophysics, 664.

Böker, T., Arribas, S., Lützgendorf, N., Alves De Oliveira, C., Beck, T. L., Birkmann, S., Bunker, A. J., Charlot, S., De Marchi, G., Ferruit, P., Giardino, 
G., Jakobsen, P., Kumari, N., López-Caniego, M., Maiolino, R., Manjavacas, E., Marston, A., Moseley, S. H., Muzerolle, J., Ogle, P., Pirzkal, N., 
Rauscher, B., Rawle, T., Rix, H. W., Sabbi, E., Sargent, B., Sirianni, M., Te Plate, M., Valenti, J., Willott, C. J. and Zeidler, P. (2022) ‘The Near-Infra-
red Spectrograph (NIRSpec) on the James Webb Space Telescope: III. Integral-field spectroscopy’, Astronomy and Astrophysics, 661.

Caballero, J. A., González-Álvarez, E., Brady, M., Trifonov, T., Ellis, T. G., Dorn, C., Cifuentes, C., Molaverdikhani, K., Bean, J. L., Boyajian, T., 
Rodríguez, E., Sanz-Forcada, J., Zapatero Osorio, M. R., Abia, C., Amado, P. J., Anugu, N., Béjar, V. J. S., Davies, C. L., Dreizler, S., Dubois, 
F., Ennis, J., Espinoza, N., Farrington, C. D., López, A. G., Gardner, T., Hatzes, A. P., Henning, T., Herrero, E., Herrero-Cisneros, E., Kaminski, 
A., Kasper, D., Klement, R., Kraus, S., Labdon, A., Lanthermann, C., Le Bouquin, J. B., González, M. J. L., Luque, R., Mann, A. W., Marfil, E., 
Monnier, J. D., Montes, D., Morales, J. C., Pallé, E., Pedraz, S., Quirrenbach, A., Reffert, S., Reiners, A., Ribas, I., Rodríguez-López, C., Schaefer, 
G., Schweitzer, A., Seifahrt, A., Setterholm, B. R., Shan, Y., Shulyak, D., Solano, E., Sreenivas, K. R., Stefánsson, G., Stürmer, J., Tabernero, H. 
M., Tal-Or, L., Ten Brummelaar, T., Vanaverbeke, S., Von Braun, K., Youngblood, A. and Zechmeister, M. (2022) ‘A detailed analysis of the Gl 486 
planetary system’, Astronomy and Astrophysics, 665.

Cabello, C., Gallego, J., Cardiel, N., Pascual, S., Guzmán, R., Herrero, A., Manrique, A., Marín-Franch, A., Mas-Hesse, J. M., Rodríguez-Espinosa, 
J. M. and Salvador-Solé, E. (2022) ‘Near-IR narrow-band imaging with CIRCE at the Gran Telescopio Canarias: Searching for Ly σ-emitters at z ∼ 
9.3’, Astronomy and Astrophysics, 659.

Carrera, R., Casamiquela, L., Carbajo-Hijarrubia, J., Balaguer-Núñez, L., Jordi, C., Romero-Gómez, M., Blanco-Cuaresma, S., Cantat-Gaudin, T., 
Lillo-Box, J., Masana, E. and Pancino, E. (2022) ‘OCCASO: IV. Radial velocities and open cluster kinematics’, Astronomy and Astrophysics, 658.

Carrier, B. L., Beaty, D. W., Hutzler, A., Smith, A. L., Kminek, G., Meyer, M. A., Haltigin, T., Hays, L. E., Agee, C. B., Busemann, H., Cavalazzi, 
B., Cockell, C. S., Debaille, V., Glavin, D. P., Grady, M. M., Hauber, E., Marty, B., McCubbin, F. M., Pratt, L. M., Regberg, A. B., Smith, C. L., 
Summons, R. E., Swindle, T. D., Tait, K. T., Tosca, N. J., Udry, A., Usui, T., Velbel, M. A., Wadhwa, M., Westall, F. and Zorzano, M. P. (2022) 
‘Science and Curation Considerations for the Design of a Mars Sample Return (MSR) Sample Receiving Facility (SRF)’, Astrobiology, 22(S1), pp. 
S217-S237.

Carrizo, D., De Dios-Cubillas, A., Sánchez-García, L., López, I. and Prieto-Ballesteros, O. (2022a) ‘Interpreting Molecular and Isotopic Biosignatures 
in Methane-Derived Authigenic Carbonates in the Light of a Potential Carbon Cycle in the Icy Moons’, Astrobiology, 22(5), pp. 552-567.

Carrizo, D., Vignale, F. A., Sánchez-García, L. and Farías, M. E. (2022b) ‘Ecological variability based on lipid biomarkers in astrobiologically interest-
ing wetlands from the Argentinian central Andes’, FEMS Microbiology Ecology, 98(5).

Casasayas-Barris, N., Borsa, F., Palle, E., Allart, R., Bourrier, V., Hernandez, J. I. G., Kesseli, A., Sanchez-Lopez, A., Osorio, M. R. Z., Snellen, I. 
A. G., Orell-Miquel, J., Stangret, M., Esparza-Borges, E., Lovis, C., Hooton, M. J., Lend, M., Smith, A. M. S., Pepe, F., Rebolo, R., Cristiani, S., 
Santos, N. C., Adibekyan, V., Alibert, Y., Cristo, E., Demangeon, O. D. S., Figueira, P., Di Marcantonio, P., Martins, C. J. A. P., Micela, G., Seidel, 
J. V., Silva, T. A., Sousa, S. G., Sozzetti, A., Mascareno, A. S. and Tabernero, H. M. (2022) ‘Transmission spectroscopy of MASCARA-1b with 
ESPRESSO: Challenges of overlapping orbital and Doppler tracks’, Astronomy and Astrophysics, 664.

Caselli, P., Pineda, J. E., Sipilä, O., Zhao, B., Redaelli, E., Spezzano, S., Maureira, M. J., Alves, F., Bizzocchi, L., Bourke, T. L., Chacón-Tanarro, 
A., Friesen, R., Galli, D., Harju, J., Jiménez-Serra, I., Keto, E., Li, Z. Y., Padovani, M., Schmiedeke, A., Tafalla, M. and Vastel, C. (2022) ‘The Central 
1000 au of a Prestellar Core Revealed with ALMA. II. Almost Complete Freeze-out’, Astrophysical Journal, 929(1).

Castro-González, A., Díez Alonso, E., Menéndez Blanco, J., Livingston, J., De Leon, J. P., Lillo-Box, J., Korth, J., Fernández Menéndez, S., Re-
cio, J. M., Izquierdo-Ruiz, F., Coya Lozano, A., García De La Cuesta, F., Gómez Hernández, N., Vidal Blanco, J. R., Hevia Díaz, R., Pardo Silva, 
R., Pérez Acevedo, S., Polancos Ruiz, J., Padilla Tijerín, P., Vázquez García, D., Suárez Gómez, S. L., García Riesgo, F., González Gutiérrez, C., 
Bonavera, L., González-Nuevo, J., Rodríguez Pereira, C., Sánchez Lasheras, F., Sánchez Rodríguez, M. L., Muñiz, R., Santos Rodríguez, J. D. 
and De Cos Juez, F. J. (2022) ‘The K2-OjOS Project*New and revisited planets and candidates in K2 campaigns 5, 16, & 18’, Monthly Notices of 
the Royal Astronomical Society, 509(1), pp. 1075-1095.

Cazaux, S., Carrascosa, H., Muñoz Caro, G. M., Caselli, P., Fuente, A., Navarro-Almaida, D. and Riviére-Marichalar, P. (2022) ‘Photoprocessing 
of HS on dust grains: Building S chains in translucent clouds and comets’, Astronomy and Astrophysics, 657.

Cañadas, F., Papineau, D., Leng, M. J. and Li, C. (2022) ‘Extensive primary production promoted the recovery of the Ediacaran Shuram excursion’, 
Nature Communications, 13(1).



Annual Report 2022

143
(Articles and Reviews)

Publications

Chamorro-Cazorla, M., Gil De Paz, A., Castillo-Morales, A., Dullo, B. T., Gallego, J., Carrasco, E., Iglesias-Páramo, J., Cedazo, R., García-Vargas, 
M. L., Pascual, S., Cardiel, N., Pérez-Calpena, A., Gómez-Álvarez, P., Martínez-Delgado, I. and Catalán-Torrecilla, C. (2022) ‘Stellar populations 
with MEGARA: The inner regions of NGC 7025’, Astronomy and Astrophysics, 657.

Chaturvedi, P., Bluhm, P., Nagel, E., Hatzes, A. P., Morello, G., Brady, M., Korth, J., Molaverdikhani, K., Kossakowski, D., Caballero, J. A., Guen-
ther, E. W., Pallé, E., Espinoza, N., Seifahrt, A., Lodieu, N., Cifuentes, C., Furlan, E., Amado, P. J., Barclay, T., Bean, J., Béjar, V. J. S., Bergond, 
G., Boyle, A. W., Ciardi, D., Collins, K. A., Collins, K. I., Esparza-Borges, E., Fukui, A., Gnilka, C. L., Goeke, R., Guerra, P., Henning, T., Herrero, E., 
Howell, S. B., Jeffers, S. V., Jenkins, J. M., Jensen, E. L. N., Kasper, D., Kodama, T., Latham, D. W., López-González, M. J., Luque, R., Montes, 
D., Morales, J. C., Mori, M., Murgas, F., Narita, N., Nowak, G., Parviainen, H., Passegger, V. M., Quirrenbach, A., Reffert, S., Reiners, A., Ribas, I., 
Ricker, G. R., Rodríguez, E., Rodríguez-López, C., Schlecker, M., Schwarz, R. P., Schweitzer, A., Seager, S., Stefánsson, G., Stockdale, C., Tal-
Or, L., Twicken, J. D., Vanaverbeke, S., Wang, G., Watanabe, D., Winn, J. N. and Zechmeister, M. (2022) ‘TOI-1468: A system of two transiting 
planets, a super-Earth and a mini-Neptune, on opposite sides of the radius valley*’, Astronomy and Astrophysics, 666.

Chide, B., Bertrand, T., Lorenz, R. D., Munguira, A., Hueso, R., Sánchez-Lavega, A., Martinez, G., Spiga, A., Jacob, X., de la Torre Juarez, M., 
Lemmon, M. T., Banfield, D., Newman, C. E., Murdoch, N., Stott, A., Viúdez-Moreiras, D., Pla-Garcia, J., Larmat, C., Lanza, N. L., Rodríguez-Man-
fredi, J. A. and Wiens, R. C. (2022) ‘Acoustics Reveals Short-Term Air Temperature Fluctuations Near Mars’ Surface’, Geophysical Research 
Letters, 49(21).

Climent, J. B., Guirado, J. C., Zapatero Osorio, M. R., Zakhozhay, O. V., Pérez-Torres, M., Azulay, R., Gauza, B., Rebolo, R., Béjar, V. J. S., 
Martín-Pintado, J. and Lefèvre, C. (2022) ‘Radio emission in a nearby, ultra-cool dwarf binary: A multifrequency study’, Astronomy and Astrophys-
ics, 660.

Colzi, L., Martín-Pintado, J., Rivilla, V. M., Jiménez-Serra, I., Zeng, S., Rodríguez-Almeida, L. F., Rico-Villas, F., Martín, S. and Requena-Torres, M. 
A. (2022a) ‘Deuterium Fractionation as a Multiphase Component Tracer in the Galactic Center’, Astrophysical Journal Letters, 926(2).

Colzi, L., Romano, D., Fontani, F., Rivilla, V. M., Bizzocchi, L., Beltran, M. T., Caselli, P., Elia, D. and Magrini, L. (2022b) ‘CHEMOUT: CHEMical 
complexity in star-forming regions of the OUTer Galaxy: III. Nitrogen isotopic ratios in the outer Galaxy’, Astronomy and Astrophysics, 667.

Cont, D., Yan, F., Reiners, A., Nortmann, L., Molaverdikhani, K., Pallé, E., Henning, T., Ribas, I., Quirrenbach, A., Caballero, J. A., Amado, P. J., 
Czesla, S., Lesjak, F., López-Puertas, M., Mollière, P., Montes, D., Morello, G., Nagel, E., Pedraz, S. and Sánchez-López, A. (2022a) ‘Atmospheric 
characterization of the ultra-hot Jupiter WASP-33b: Detection of Ti and V emission lines and retrieval of a broadened line profile’, Astronomy and 
Astrophysics, 668.

Cont, D., Yan, F., Reiners, A., Nortmann, L., Molaverdikhani, K., Pallé, E., Stangret, M., Henning, T., Ribas, I., Quirrenbach, A., Caballero, J. A., 
Zapatero Osorio, M. R., Amado, P. J., Aceituno, J., Casasayas-Barris, N., Czesla, S., Kaminski, A., López-Puertas, M., Montes, D., Morales, J. 
C., Morello, G., Nagel, E., Sánchez-López, A., Sedaghati, E. and Zechmeister, M. (2022b) ‘Silicon in the dayside atmospheres of two ultra-hot 
Jupiters’, Astronomy and Astrophysics, 657.

Contreras, C. S., Alcolea, J., Cardoso, R. R., Bujarrabal, V., Castro-Carrizo, A., Quintana-Lacaci, G., Velilla-Prieto, L. and Santander-Garcia, M. 
(2022) ‘Dissecting the central regions of OH 231.8+4.2 with ALMA: A salty rotating disk at the base of a young bipolar outflow’, Astronomy and 
Astrophysics, 665.

Cornwell, D. J., Kuchner, U., Aragón-Salamanca, A., Gray, M. E., Pearce, F. R., L. Aguerri, J. A., Cui, W., Méndez-Abreu, J., de Arriba, L. P. and 
Trager, S. C. (2022) ‘Forecasting the success of the WEAVE Wide-Field Cluster Survey on the extraction of the cosmic web filaments around galaxy 
clusters’, Monthly Notices of the Royal Astronomical Society, 517(2), pp. 1678-1694.

Cosentino, G., Jiménez-Serra, I., Tan, J. C., Henshaw, J. D., Barnes, A. T., Law, C. Y., Zeng, S., Fontani, F., Caselli, P., Viti, S., Zahorecz, S., 
Rico-Villas, F., Megías, A., Miceli, M., Orlando, S., Ustamujic, S., Greco, E., Peres, G., Bocchino, F., Fedriani, R., Gorai, P., Testi, L. and Martín-Pin-
tado, J. (2022) ‘Negative and positive feedback from a supernova remnant with SHREC: a detailed study of the shocked gas in IC443’, Monthly 
Notices of the Royal Astronomical Society, 511(1), pp. 953-963.

Costantin, L., Pérez-González, P. G., Méndez-Abreu, J., Huertas-Company, M., Pampliega, B. A., Balcells, M., Barro, G., Ceverino, D., Dimauro, 
P., Sánchez, H. D., Espino-Briones, N. and Koekemoer, A. M. (2022) ‘From Naked Spheroids to Disky Galaxies: How Do Massive Disk Galaxies 
Shape Their Morphology?’, Astrophysical Journal, 929(2).

Cristo, E., Santos, N. C., Demangeon, O., Martins, J. H. C., Figueira, P., Casasayas-Barris, N., Zapatero Osorio, M. R., Borsa, F., Sousa, S. G., 
Oshagh, M., Micela, G., Tabernero, H. M., Seidel, J. V., Cristiani, S., Pepe, F., Rebolo, R., Adibekyan, V., Allart, R., Alibert, Y., Azevedo Silva, T., 
Bourrier, V., Cabral, A., Esparza-Borges, E., González Hernández, J. I., Lillo-Box, J., Lo Curto, G., Lovis, C., Manescau, A., Di Marcantonio, P., 



Annual Report 2022

144
Publications

Publicaciones

Martins, C. J. A. P., Mégevand, D., Mehner, A., Nunes, N. J., Palle, E., Sozzetti, A., Suárez Mascareño, A. and Udry, S. (2022) ‘CaRM: Exploring 
the chromatic Rossiter-McLaughlin effect: The cases of HD 189733b and WASP-127b’, Astronomy and Astrophysics, 660.

Cruz, P., Aguilar, J. F., Garrido, H. E., Diaz, M. P. and Solano, E. (2022) ‘Detached eclipsing binaries from the Kepler field: Radii and photometric 
masses of components in short-period systems’, Monthly Notices of the Royal Astronomical Society, 515(1), pp. 1416-1429.

Cruz-Hernández, A. E., Colín-García, M., Ortega-Gutiérrez, F. and Mateo-Martí, E. (2022) ‘Komatiites as Complex Adsorption Surfaces for Amino 
Acids in Prebiotic Environments, a Prebiotic Chemistry Essay’, Life, 12(11).

Cueto-Díaz, E. J., Suárez-García, F., Gálvez-Martínez, S., Valles-González, M. P. and Mateo-Marti, E. (2022) ‘CO2 adsorption capacities of 
amine-functionalized microporous silica nanoparticles’, Reactive and Functional Polymers, 170.

Curti, M., D’Eugenio, F., Carniani, S., Maiolino, R., Sandles, L., Witstok, J., Baker, W. M., Bennett, J. S., Piotrowska, J. M., Tacchella, S., Charlot, 
S., Nakajima, K., Maheson, G., Mannucci, F., Amiri, A., Arribas, S., Belfiore, F., Bonaventura, N. R., Bunker, A. J., Chevallard, J., Cresci, G., Cur-
tis-Lake, E., Hayden-Pawson, C., Jones, G. C., Kumari, N., Laseter, I., Looser, T. J., Marconi, A., Maseda, M. V., Scholtz, J., Smit, R., Übler, H. and 
Wallace, I. E. B. (2022) ‘The chemical enrichment in the early Universe as probed by JWST via direct metallicity measurements at z ∼ 8’, Monthly 
Notices of the Royal Astronomical Society, 518(1), pp. 425-438.

Czesla, S., Lampón, M., Sanz-Forcada, J., García Muñoz, A., López-Puertas, M., Nortmann, L., Yan, D., Nagel, E., Yan, F., Schmitt, J. H. M. M., 
Aceituno, J., Amado, P. J., Caballero, J. A., Casasayas-Barris, N., Henning, T., Khalafinejad, S., Molaverdikhani, K., Montes, D., Pallé, E., Reiners, 
A., Schneider, P. C., Ribas, I., Quirrenbach, A., Zapatero Osorio, M. R. and Zechmeister, M. (2022) ‘H σ and Hea i absorption in HAT-P-32 b 
observed with CARMENES: Detection of Roche lobe overflow and mass loss’, Astronomy and Astrophysics, 657.

Da Fonseca, V., Barreiro, T., Nunes, N. J., Cristiani, S., Cupani, G., D’Odorico, V., Leite, A. C. O., Marques, C. M. J., Martins, C. J. A. P., Milakoviσ, 
D., Molaro, P., Murphy, M. T., Schmidt, T. M., Abreu, M., Adibekyan, V., Cabral, A., Di Marcantonio, P., González Hernández, J. I., Palle, E., Pepe, 
F. A., Rebolo, R., Santos, N. C., Sousa, S. G., Sozzetti, A., Mascareño, A. S. and Osorio, M. R. Z. (2022) ‘Fundamental physics with ESPRESSO: 
Constraining a simple parametrisation for varying’, Astronomy and Astrophysics, 666.

Damasso, M., Perger, M., Almenara, J. M., Nardiello, D., Pérez-Torres, M., Sozzetti, A., Hara, N. C., Quirrenbach, A., Bonfils, X., Osorio, M. R. 
Z., Astudillo-Defru, N., Hernández, J. I. G., Mascareño, A. S., Amado, P. J., Forveille, T., Lillo-Box, J., Alibert, Y., Caballero, J. A., Cifuentes, C., 
Delfosse, X., Figueira, P., Galadí-Enríquez, D., Hatzes, A. P., Henning, T., Kaminski, A., Mayor, M., Murgas, F., Montes, D., Pinamonti, M., Reiners, 
A., Ribas, I., Béjar, V. J. S., Schweitzer, A. and Zechmeister, M. (2022) ‘A quarter century of spectroscopic monitoring of the nearby M dwarf Gl 
514 A super-Earth on an eccentric orbit moving in and out of the habitable zone*,**’, Astronomy and Astrophysics, 666.

De A. Schutzer, A., Rivera-Ortiz, P. R., Lefloch, B., Gusdorf, A., Favre, C., Segura-Cox, D., López-Sepulcre, A., Neri, R., Ospina-Zamudio, J., De 
Simone, M., Codella, C., Viti, S., Podio, L., Pineda, J., Oa’donoghue, R., Ceccarelli, C., Caselli, P., Alves, F., Bachiller, R., Balucani, N., Bianchi, 
E., Bizzocchi, L., Bottinelli, S., Caux, E., Chacón-Tanarro, A., Dulieu, F., Enrique-Romero, J., Fontani, F., Feng, S., Holdship, J., Jiménez-Serra, I., 
Jaber Al-Edhari, A., Kahane, C., Lattanzi, V., Oya, Y., Punanova, A., Rimola, A., Sakai, N., Spezzano, S., Sims, I. R., Taquet, V., Testi, L., Theulé, P., 
Ugliengo, P., Vastel, C., Vasyunin, A. I., Vazart, F., Yamamoto, S. and Witzel, A. (2022) ‘SOLIS: XVI. Mass ejection and time variability in protostellar 
outflows: Cep E’, Astronomy and Astrophysics, 662.

de Francisco Martínez, P., Morgante, V. and González-Pastor, J. E. (2022) ‘Isolation of novel cold-tolerance genes from rhizosphere microorgan-
isms of Antarctic plants by functional metagenomics’, Frontiers in Microbiology, 13.

de la Concepción, J. G., Cerdán, L., Marcos-Arenal, P., Burillo-Villalobos, M., Fonseca-Bonilla, N., Lizcano-Vaquero, R., López-Cayuela, M. i., 
Caballero, J. A. and Gómez, F. (2022) ‘Phot0, a plausible primeval pigment on Earth and rocky exoplanets’, Physical Chemistry Chemical Physics, 
24(28), pp. 16979-16987.

De la Concepción, J. G., Colzi, L., Jiménez-Serra, I., Molpeceres, G., Corchado, J. C., Rivilla, V. M., Martín-Pintado, J., Beltrán, M. T. and Mininni, 
C. (2022) ‘The trans/cis ratio of formic (HCOOH) and thioformic (HC(O)SH) acids in the interstellar medium’, Astronomy and Astrophysics, 658.

de la Higuera, I. and Lázaro, E. (2022) ‘Viruses in astrobiology’, Frontiers in Microbiology, 13.

De Marco, O., Akashi, M., Akras, S., Alcolea, J., Aleman, I., Amram, P., Balick, B., De Beck, E., Blackman, E. G., Boffin, H. M. J., Boumis, P., 
Bublitz, J., Bucciarelli, B., Bujarrabal, V., Cami, J., Chornay, N., Chu, Y. H., Corradi, R. L. M., Frank, A., García-Hernández, D. A., García-Rojas, J., 
García-Segura, G., Gómez-Llanos, V., Gonçalves, D. R., Guerrero, M. A., Jones, D., Karakas, A. I., Kastner, J. H., Kwok, S., Lykou, F., Manchado, 
A., Matsuura, M., McDonald, I., Miszalski, B., Mohamed, S. S., Monreal-Ibero, A., Monteiro, H., Montez, R., Jr., Baez, P. M., Morisset, C., Nord-
haus, J., Mendes de Oliveira, C., Osborn, Z., Otsuka, M., Parker, Q. A., Peeters, E., Quint, B. C., Quintana-Lacaci, G., Redman, M., Ruiter, A. J., 
Sabin, L., Sahai, R., Contreras, C. S., Santander-García, M., Seitenzahl, I., Soker, N., Speck, A. K., Stanghellini, L., Steffen, W., Toalá, J. A., Ueta, 



Annual Report 2022

145
(Articles and Reviews)

Publications

T., Van de Steene, G., Van Winckel, H., Ventura, P., Villaver, E., Vlemmings, W., Walsh, J. R., Wesson, R. and Zijlstra, A. A. (2022) ‘The messy 
death of a multiple star system and the resulting planetary nebula as observed by JWST’, Nature Astronomy, 6(12), pp. 1421-1432.

Deline, A., Hooton, M. J., Lendl, M., Morris, B., Salmon, S., Olofsson, G., Broeg, C., Ehrenreich, D., Beck, M., Brandeker, A., Hoyer, S., Sulis, S., 
Van Grootel, V., Bourrier, V., Demangeon, O., Demory, B. O., Heng, K., Parviainen, H., Serrano, L. M., Singh, V., Bonfanti, A., Fossati, L., Kitzmann, 
D., Sousa, S. G., Wilson, T. G., Alibert, Y., Alonso, R., Anglada, G., Bárczy, T., Barrado Navascues, D., Barros, S. C. C., Baumjohann, W., Beck, 
T., Bekkelien, A., Benz, W., Billot, N., Bonfils, X., Cabrera, J., Charnoz, S., Collier Cameron, A., Corral Van Damme, C., Csizmadia, S., Davies, M. 
B., Deleuil, M., Delrez, L., De Roche, T., Erikson, A., Fortier, A., Fridlund, M., Futyan, D., Gandolfi, D., Gillon, M., Güdel, M., Gutermann, P., Hasiba, 
J., Isaak, K. G., Kiss, L., Laskar, J., Lecavelier Des Etangs, A., Lovis, C., Magrin, D., Maxted, P. F. L., Munari, M., Nascimbeni, V., Ottensamer, R., 
Pagano, I., Pallé, E., Peter, G., Piotto, G., Pollacco, D., Queloz, D., Ragazzoni, R., Rando, N., Rauer, H., Ribas, I., Santos, N. C., Scandariato, G., 
Ségransan, D., Simon, A. E., Smith, A. M. S., Steller, M., Szabó, G. M., Thomas, N., Udry, S., Walter, I. and Walton, N. (2022) ‘The atmosphere 
and architecture of WASP-189 b probed by its CHEOPS phase curve’, Astronomy and Astrophysics, 659.

Den Brok, J. S., Koss, M. J., Trakhtenbrot, B., Stern, D., Cantalupo, S., Lamperti, I., Ricci, F., Ricci, C., Oh, K., Bauer, F. E., Riffel, R., Rodríguez-Ar-
dila, A., Bär, R., Harrison, F., Ichikawa, K., Mejía-Restrepo, J. E., Mushotzky, R., Powell, M. C., Boissay-Malaquin, R., Stalevski, M., Treister, E., 
Urry, C. M. and Veilleux, S. (2022) ‘BASS. XXVIII. Near-infrared Data Release 2: High-ionization and Broad Lines in Active Galactic Nuclei’, Astro-
physical Journal, Supplement Series, 261(1).

Duzdevich, D., Petkowski, J. J., Bains, W., Cleaves, H. J., II, Carr, C. E., Borowska, E. I., Azua-Bustos, A., Cable, M. L., Dorrington, G. E., Grin-
spoon, D. H., Ligterink, N. F. W., Riedo, A., Wurz, P. and Seager, S. (2022) ‘An Experimental Approach to Inform Venus Astrobiology Mission 
Design and Science Objectives’, Aerospace, 9(10).

Díaz, S., Aguilera, Á., de Figueras, C. G., de Francisco, P., Olsson, S., Puente-Sánchez, F. and González-Pastor, J. E. (2022) ‘Heterologous Ex-
pression of the Phytochelatin Synthase CaPCS2 from Chlamydomonas acidophila and Its Effect on Different Stress Factors in Escherichia coli’, 
International Journal of Environmental Research and Public Health, 19(13).

Entekhabi, N., Tan, J. C., Cosentino, G., Hsu, C. J., Caselli, P., Walsh, C., Lim, W., Henshaw, J. D., Barnes, A. T., Fontani, F. and Jiménez-Serra, 
I. (2022) ‘Astrochemical modelling of infrared dark clouds’, Astronomy and Astrophysics, 662.

Escamilla-Roa, E., Zorzano, M. P., Martin-Torres, J., Sainz-Díaz, C. I. and Cartwright, J. H. E. (2022) ‘Self-Assembled Structures Formed in 
CO2-Enriched Atmospheres: A Case-Study for Martian Biomimetic Forms’, Astrobiology, 22(7), pp. 863-879.

Espaillat, C. C., Herczeg, G. J., Thanathibodee, T., Pittman, C., Calvet, N., Arulanantham, N., France, K., Serna, J., Hernández, J., Kóspál, Á., 
Walter, F. M., Frasca, A., Fischer, W. J., Johns-Krull, C. M., Schneider, P. C., Robinson, C., Edwards, S., Ábrahám, P., Fang, M., Erkal, J., Manara, 
C. F., Alcalá, J. M., Alecian, E., Alexander, R. D., Alonso-Santiago, J., Antoniucci, S., Ardila, D. R., Banzatti, A., Benisty, M., Bergin, E. A., Biazzo, 
K., Briceño, C., Campbell-White, J., Cleeves, L. I., Coffey, D., Eislöffel, J., Facchini, S., Fedele, D., Fiorellino, E., Froebrich, D., Gangi, M., Giannini, 
T., Grankin, K., Günther, H. M., Guo, Z., Hartmann, L., Hillenbrand, L. A., Hinton, P. C., Kastner, J. H., Koen, C., Maucó, K., Mendigutiá, I., Nisini, 
B., Panwar, N., Principe, D. A., Robberto, M., Sicilia-Aguilar, A., Valenti, J. A., Wendeborn, J., Williams, J. P., Xu, Z. and Yadav, R. K. (2022) ‘The 
ODYSSEUS Survey. Motivation and First Results: Accretion, Ejection, and Disk Irradiation of CVSO 109’, Astronomical Journal, 163(3).

Esparza-Borges, E., Oshagh, M., Casasayas-Barris, N., Pallé, E., Chen, G., Morello, G., Santos, N. C., Seidel, J. V., Sozzetti, A., Allart, R., Figueira, 
P., Bourrier, V., Lillo-Box, J., Borsa, F., Zapatero Osorio, M. R., Tabernero, H., Demangeon, O. D. S., Adibekyan, V., González Hernández, J. I., 
Mehner, A., Allende Prieto, C., Di Marcantonio, P., Alibert, Y., Cristiani, S., Lo Curto, G., Martins, C. J. A. P., Micela, G., Pepe, F., Rebolo, R., Sousa, 
S. G., Suárez Mascareño, A. and Udry, S. (2022a) ‘Retrieving the transmission spectrum of HD 209458b using CHOCOLATE: A new chromatic 
Doppler tomography technique’, Astronomy and Astrophysics, 657.

Esparza-Borges, E., Parviainen, H., Murgas, F., Pallé, E., Maas, A., Morello, G., Zapatero-Osorio, M. R., Barkaoui, K., Narita, N., Fukui, A., 
Casasayas-Barris, N., Oshagh, M., Crouzet, N., Galán, D., Fernández, G. E., Kagetani, T., Kawauchi, K., Kodama, T., Korth, J., Kusakabe, N., 
Laza-Ramos, A., Luque, R., Livingston, J., Madrigal-Aguado, A., Mori, M., Orell-Miquel, J., Puig-Subirà, M., Stangret, M., Terada, Y., Watanabe, 
N., Zou, Y., Baliga Savel, A., Belinski, A. A., Collins, K., Dressing, C. D., Giacalone, S., Gill, H., Goliguzova, M. V., Ikoma, M., Jenkins, J. M., Tamura, 
M., Twicken, J. D., Ricker, G. R., Schwarz, R. P., Seager, S., Shporer, A., Vanderspek, R. and Winn, J. (2022b) ‘A hot sub-Neptune in the desert 
and a temperate super-Earth around faint M dwarfs: Color validation of TOI-4479b and TOI-2081b’, Astronomy and Astrophysics, 666.

Espino-Briones, N., Perez-González, P. G., Zamorano, J. and Rodríguez-Munõz, L. (2022) ‘Ultraviolet to far infrared self-consistent analysis of the 
stellar populations of massive starburst galaxies at intermediate redshifts’, Monthly Notices of the Royal Astronomical Society, 513(1), pp. 1175-
1197.



Annual Report 2022

146
Publications

Publicaciones

Espinoza, N., Pallé, E., Kemmer, J., Luque, R., Caballero, J. A., Cifuentes, C., Herrero, E., Sánchez Béjar, V. J., Stock, S., Molaverdikhani, K., 
Morello, G., Kossakowski, D., Schlecker, M., Amado, P. J., Bluhm, P., Cortés-Contreras, M., Henning, T., Kreidberg, L., Kürster, M., Lafarga, M., 
Lodieu, N., Morales, J. C., Oshagh, M., Passegger, V. M., Pavlov, A., Quirrenbach, A., Reffert, S., Reiners, A., Ribas, I., Rodríguez, E., López, C. 
R., Schweitzer, A., Trifonov, T., Chaturvedi, P., Dreizler, S., Jeffers, S. V., Kaminski, A., López-González, M. J., Lillo-Box, J., Montes, D., Nowak, 
G., Pedraz, S., Vanaverbeke, S., Zapatero Osorio, M. R., Zechmeister, M., Collins, K. A., Girardin, E., Guerra, P., Naves, R., Crossfield, I. J. M., 
Matthews, E. C., Howell, S. B., Ciardi, D. R., Gonzales, E., Matson, R. A., Beichman, C. A., Schlieder, J. E., Barclay, T., Vezie, M., Villaseñor, J. N., 
Daylan, T., Mireies, I., Dragomir, D., Twicken, J. D., Jenkins, J., Winn, J. N., Latham, D., Ricker, G. and Seager, S. (2022) ‘A Transiting, Temperate 
Mini-Neptune Orbiting the M Dwarf TOI-1759 Unveiled by TESS’, Astronomical Journal, 163(3).

Esplugues, G., Fuente, A., Navarro-Almaida, D., Rodríguez-Baras, M., Majumdar, L., Caselli, P., Wakelam, V., Roueff, E., Bachiller, R., Spezzano, 
S., Rivière-Marichalar, P., Martín-Doménech, R. and Muñoz Caro, G. M. (2022) ‘Gas phase Elemental abundances in Molecular cloudS (GEMS): 
VI. A sulphur journey across star-forming regions: study of thioformaldehyde emission’, Astronomy and Astrophysics, 662.

Faria, J. P., Suárez Mascareño, A., Figueira, P., Silva, A. M., Damasso, M., Demangeon, O., Pepe, F., Santos, N. C., Rebolo, R., Cristiani, S., 
Adibekyan, V., Alibert, Y., Allart, R., Barros, S. C. C., Cabral, A., D’Odorico, V., Di Marcantonio, P., Dumusque, X., Ehrenreich, D., González 
Hernández, J. I., Hara, N., Lillo-Box, J., Lo Curto, G., Lovis, C., Martins, C. J. A. P., Mégevand, D., Mehner, A., Micela, G., Molaro, P., Nunes, N. 
J., Pallé, E., Poretti, E., Sousa, S. G., Sozzetti, A., Tabernero, H., Udry, S. and Zapatero Osorio, M. R. (2022) ‘A candidate short-period sub-Earth 
orbiting Proxima Centauri’, Astronomy and Astrophysics, 658.

Farley, K. A. and Stack, K. M. and Shuster, D. L. and Horgan, B. H. N. and Hurowitz, J. A. and Tarnas, J. D. and Simon, J. I. and Sun, V. Z. and 
Scheller, E. L. and Moore, K. R. and McLennan, S. M. and Vasconcelos, P. M. and Wiens, R. C. and Treiman, A. H. and Mayhew, L. E. and 
Beyssac, O. and Kizovski, T. V. and Tosca, N. J. and Williford, K. H. and Crumpler, L. S. and Beegle, L. W. and Bell, J. F. and Ehlmann, B. L. and 
Liu, Y. and Maki, J. N. and Schmidt, M. E. and Allwood, A. C. and Amundsen, H. E. F. and Bhartia, R. and Bosak, T. and Brown, A. J. and Clark, 
B. C. and Cousin, A. and Forni, O. and Gabriel, T. S. J. and Goreva, Y. and Gupta, S. and Hamran, S. E. and Herd, C. D. K. and Hickman-Lewis, 
K. and Johnson, J. R. and Kah, L. C. and Kelemen, P. B. and Kinch, K. B. and Mandon, L. and Mangold, N. and Quantin-Nataf, C. and Rice, 
M. S. and Russell, P. S. and Sharma, S. and Siljeström, S. and Steele, A. and Sullivan, R. and Wadhwa, M. and Weiss, B. P. and Williams, A. J. 
and Wogsland, B. V. and Willis, P. A. and Acosta-Maeda, T. A. and Beck, P. and Benzerara, K. and Bernard, S. and Burton, A. S. and Cardarelli, 
E. L. and Chide, B. and Clavé, E. and Cloutis, E. A. and Cohen, B. A. and Czaja, A. D. and Debaille, V. and Dehouck, E. and Fairén, A. G. and 
Flannery, D. T. and Fleron, S. Z. and Fouchet, T. and Frydenvang, J. and Garczynski, B. J. and Gibbons, E. F. and Hausrath, E. M. and Hayes, 
A. G. and Henneke, J. and Jørgensen, J. L. and Kelly, E. M. and Lasue, J. and Le Mouélic, S. and Madariaga, J. M. and Maurice, S. and Merusi, 
M. and Meslin, P. Y. and Milkovich, S. M. and Million, C. C. and Moeller, R. C. and Núñez, J. I. and Ollila, A. M. and Paar, G. and Paige, D. A. and 
Pedersen, D. A. K. and Pilleri, P. and Pilorget, C. and Pinet, P. C. and Rice, J. W. and Royer, C. and Sautter, V. and Schulte, M. and Sephton, M. 
A. and Sharma, S. K. and Sholes, S. F. and Spanovich, N. and Clair, M. S. and Tate, C. D. and Uckert, K. and VanBommel, S. J. and Yanchilina, 
A. G. and Zorzano, M. P. (2022) ‘Aqueously altered igneous rocks sampled on the floor of Jezero crater, Mars’, Science, 377(6614).

Fernández-Martínez, R., Gómez-Mancebo, M. B., Bonales, L. J., Maffiotte, C., Quejido, A. J. and Rucandio, I. (2022) ‘Study and Comparison of 
Different Routes to Synthesize Reduced Graphene Oxide’, Journal of Nano Research, 74, pp. 69-82.

Ferruit, P., Jakobsen, P., Giardino, G., Rawle, T., Alves De Oliveira, C., Arribas, S., Beck, T. L., Birkmann, S., Böker, T., Bunker, A. J., Charlot, S., De 
Marchi, G., Franx, M., Henry, A., Karakla, D., Kassin, S. A., Kumari, N., López-Caniego, M., Lützgendorf, N., Maiolino, R., Manjavacas, E., Marston, 
A., Moseley, S. H., Muzerolle, J., Pirzkal, N., Rauscher, B., Rix, H. W., Sabbi, E., Sirianni, M., Te Plate, M., Valenti, J., Willott, C. J. and Zeidler, P. 
(2022) ‘The Near-Infrared Spectrograph (NIRSpec) on the James Webb Space Telescope: II. Multi-object spectroscopy (MOS)’, Astronomy and 
Astrophysics, 661.

Finkelstein, S. L. and Bagley, M. B. and Haro, P. A. and Dickinson, M. and Ferguson, H. C. and Kartaltepe, J. S. and Papovich, C. and Burgarella, 
D. and Kocevski, D. D. and Huertas-Company, M. and Iyer, K. G. and Koekemoer, A. M. and Larson, R. L. and Pérez-González, P. G. and Rose, 
C. and Tacchella, S. and Wilkins, S. M. and Chworowsky, K. and Medrano, A. and Morales, A. M. and Somerville, R. S. and Aaron Yung, L. Y. 
and Fontana, A. and Giavalisco, M. and Grazian, A. and Grogin, N. A. and Kewley, L. J. and Kirkpatrick, A. and Kurczynski, P. and Lotz, J. M. 
and Pentericci, L. and Pirzkal, N. and Ravindranath, S. and Ryan, R. E., Jr. and Trump, J. R. and Yang, G. and Almaini, O. and Amorín, R. O. and 
Annunziatella, M. and Backhaus, B. E. and Barro, G. and Behroozi, P. and Bell, E. F. and Bhatawdekar, R. and Bisigello, L. and Bromm, V. and 
Buat, V. and Buitrago, F. and Calabrò, A. and Casey, C. M. and Castellano, M. and Chávez Ortiz, Ó. A. and Ciesla, L. and Cleri, N. J. and Cohen, 
S. H. and Cole, J. W. and Cooke, K. C. and Cooper, M. C. and Cooray, A. R. and Costantin, L. and Cox, I. G. and Croton, D. and Daddi, E. and 
Davé, R. and De La Vega, A. and Dekel, A. and Elbaz, D. and Estrada-Carpenter, V. and Faber, S. M. and Fernández, V. and Finkelstein, K. D. and 
Freundlich, J. and Fujimoto, S. and García-Argumánez, Á. and Gardner, J. P. and Gawiser, E. and Gómez-Guijarro, C. and Guo, Y. and Hamblin, 
K. and Hamilton, T. S. and Hathi, N. P. and Holwerda, B. W. and Hirschmann, M. and Hutchison, T. A. and Jaskot, A. E. and Jha, S. W. and 



Annual Report 2022

147
(Articles and Reviews)

Publications

Jogee, S. and Juneau, S. and Jung, I. and Kassin, S. A. and Le Bail, A. and Leung, G. C. K. and Lucas, R. A. and Magnelli, B. and Mantha, K. B. 
and Matharu, J. and McGrath, E. J. and McIntosh, D. H. and Merlin, E. and Mobasher, B. and Newman, J. A. and Nicholls, D. C. and Pandya, V. 
and Rafelski, M. and Ronayne, K. and Santini, P. and Seillé, L. M. and Shah, E. A. and Shen, L. and Simons, R. C. and Snyder, G. F. and Stanway, 
E. R. and Straughn, A. N. and Teplitz, H. I. and Vanderhoof, B. N. and Vega-Ferrero, J. and Wang, W. and Weiner, B. J. and Willmer, C. N. A. and 
Wuyts, S. and Zavala, J. A. and The, C. T. (2022) ‘A Long Time Ago in a Galaxy Far, Far Away: A Candidate z ~ 12 Galaxy in Early JWST CEERS 
Imaging’, Astrophysical Journal Letters, 940(2).

Fontani, F., Colzi, L., Bizzocchi, L., Rivilla, V. M., Elia, D., Beltrán, M. T., Caselli, P., Magrini, L., Sánchez-Monge, A., Testi, L. and Romano, D. 
(2022a) ‘CHEMOUT: CHEMical complexity in star-forming regions of the OUTer Galaxy: I. Organic molecules and tracers of star-formation activity’, 
Astronomy and Astrophysics, 660.

Fontani, F., Schmiedeke, A., Sanchez-Monge, A., Colzi, L., Elia, D., Rivilla, V. M., Beltran, M. T., Bizzocchi, L., Caselli, P., Magrini, L. and Romano, 
D. (2022b) ‘CHEMOUT: CHEMical complexity in star-forming regions of the OUTer Galaxy II. Methanol formation at low metallicity’, Astronomy 
and Astrophysics, 664.

Forrest, B., Wilson, G., Muzzin, A., Marchesini, D., Cooper, M. C., Marsan, Z. C., Annunziatella, M., McConachie, I., Zaidi, K., Gomez, P., Urbano 
Stawinski, S. M., Chang, W., Lucia, G. D., Barbera, F. L., Lubin, L., Nantais, J., Peña, T., Saracco, P., Surace, J. and Stefanon, M. (2022) ‘MAG-
AZ3NE: High Stellar Velocity Dispersions for Ultramassive Quiescent Galaxies at z ≳ 3* * The spectra presented herein were obtained at the W. 
M. Keck Observatory, which is operated as a scientific partnership among the California Institute of Technology, the University of California and 
the National Aeronautics and Space Administration. The Observatory was made possible by the generous financial support of the W. M. Keck 
Foundation’, Astrophysical Journal, 938(2).

Franciosini, E., Tognelli, E., Degl Innocenti, S., Prada Moroni, P. G., Randich, S., Sacco, G. G., Magrini, L., Pancino, E., Lanzafame, A. C., Smiljanic, 
R., Prisinzano, L., Sanna, N., Roccatagliata, V., Bonito, R., De Laverny, P., Gutiérrez Albarrán, M. L., Montes, D., Jiménez-Esteban, F., Gilmore, G., 
Bergemann, M., Carraro, G., Damiani, F., Gonneau, A., Hourihane, A., Morbidelli, L., Worley, C. C. and Zaggia, S. (2022) ‘Gaia-ESO Survey: Role 
of magnetic activity and starspots on pre-main-sequence lithium evolution’, Astronomy and Astrophysics, 659.

Fuentes-Carreón, C. A., Cruz-Castañeda, J. A., Mateo-Martí, E. and Negrón-Mendoza, A. (2022) ‘Stability of DL-Glyceraldehyde under Simulated 
Hydrothermal Conditions: Synthesis of Sugar-like Compounds in an Iron(III)-Oxide-Hydroxide-Rich Environment under Acidic Conditions’, Life, 
12(11).

Fuhrmeister, B., Czesla, S., Nagel, E., Reiners, A., Schmitt, J. H. M. M., Jeffers, S. V., Caballero, J. A., Shulyak, D., Johnson, E. N., Zechmeister, M., 
Montes, D., Lopez-Gallifa, A., Ribas, I., Quirrenbach, A., Amado, P. J., Galadi-Enriquez, D., Hatzes, A. P., Kurster, M., Danielski, C., Bejar, V. J. S., 
Kaminski, A., Morales, J. C. and Zapatero Osorio, M. R. (2022) ‘The CARMENES search for exoplanets around M dwarfs: Diagnostic capabilities 
of strong K » i lines for photosphere and chromosphere’, Astronomy and Astrophysics, 657.

Fujimoto, S., Brammer, G. B., Watson, D., Magdis, G. E., Kokorev, V., Greve, T. R., Toft, S., Walter, F., Valiante, R., Ginolfi, M., Schneider, R., 
Valentino, F., Colina, L., Vestergaard, M., Marques-Chaves, R., Fynbo, J. P. U., Krips, M., Steinhardt, C. L., Cortzen, I., Rizzo, F. and Oesch, P. A. 
(2022) ‘A dusty compact object bridging galaxies and quasars at cosmic dawn’, Nature, 604(7905), pp. 261-265.

Galarza, C. A., Daflon, S., Placco, V. M., Prieto, C. A., Borges Fernandes, M., Yuan, H., López-Sanjuan, C., Lee, Y. S., Solano, E., Jiménez-Este-
ban, F., Sobral, D., Alvarez Candal, A., Pereira, C. B., Akras, S., Martín, E., Jiménez Teja, Y., Cenarro, J., Cristóbal-Hornillos, D., Hernández-Mon-
teagudo, C., Marín-Franch, A., Moles, M., Varela, J., Ramió, H. V., Alcaniz, J., Dupke, R., Ederoclite, A., Sodré, L. and Angulo, R. E. (2022) 
‘J-PLUS: Searching for very metal-poor star candidates using the SPEEM pipeline’, Astronomy and Astrophysics, 657.

Galera-Rosillo, R., Mampaso, A., Corradi, R. L. M., Garciá-Rojas, J., Balick, B., Jones, D., Kwitter, K. B., Magrini, L. and Villaver, E. (2022) ‘On the 
most luminous planetary nebulae of M 31’, Astronomy and Astrophysics, 657.

Galindo-Guil, F. J., Barrado, D., Bouy, H., Olivares, J., Bayo, A., Morales-Calderón, M., Huélamo, N., Sarro, L. M., Rivière-Marichalar, P., Stoev, H., 
Montesinos, B. and Stauffer, J. R. (2022) ‘Lithium depletion boundary, stellar associations, and Gaia’, Astronomy and Astrophysics, 664.

Gallego-Calvente, A. T., Schödel, R., Alberdi, A., Najarro, F., Yusef-Zadeh, F., Shahzamanian, B. and Nogueras-Lara, F. (2022) ‘Radio observations 
of massive stars in the Galactic centre: The Quintuplet cluster’, Astronomy and Astrophysics, 664.

Garcia-Lopez, E., Ruiz-Blas, F., Sanchez-Casanova, S., Peña Perez, S., Martin-Cerezo, M. L. and Cid, C. (2022) ‘Microbial Communities in Vol-
canic Glacier Ecosystems’, Frontiers in Microbiology, 13.



Annual Report 2022

148
Publications

Publicaciones

Garciá-Lorenzo, B., Monreal-Ibero, A., Pereira-Santaella, M., Thatte, N., Ramos Almeida, C., Galbany, L. and Mediavilla, E. (2022) ‘HARMONI view 
of the host galaxies of active galactic nuclei around cosmic noon: Resolved stellar morpho-kinematics and the M BH-σ relation’, Astronomy and 
Astrophysics, 659.

García-Bernete, I., González-Martín, O., Ramos Almeida, C., Alonso-Herrero, A., Martínez-Paredes, M., Ward, M. J., Roche, P. F., Acosta-Pulido, 
J. A., López-Rodríguez, E., Rigopoulou, D. and Esparza-Arredondo, D. (2022a) ‘Torus and polar dust dependence on active galactic nucleus 
properties’, Astronomy and Astrophysics, 667.

García-Bernete, I., Rigopoulou, D., Alonso-Herrero, A., Donnan, F. R., Roche, P. F., Pereira-Santaella, M., Labiano, A., Peralta De Arriba, L., Izumi, 
T., Ramos Almeida, C., Shimizu, T., Hönig, S., García-Burillo, S., Rosario, D. J., Ward, M. J., Bellocchi, E., Hicks, E. K. S., Fuller, L. and Packham, 
C. (2022b) ‘A high angular resolution view of the PAH emission in Seyfert galaxies using JWST/MRS data’, Astronomy and Astrophysics, 666.

García-Bernete, I., Rigopoulou, D., Alonso-Herrero, A., Pereira-Santaella, M., Roche, P. F. and Kerkeni, B. (2022c) ‘Polycyclic aromatic hydrocar-
bons in Seyfert and star-forming galaxies’, Monthly Notices of the Royal Astronomical Society, 509(3), pp. 4256-4275.

García-Descalzo, L., García-López, E. and Cid, C. (2022) ‘Comparative Proteomic Analysis of Psychrophilic vs. Mesophilic Bacterial Species Re-
veals Different Strategies to Achieve Temperature Adaptation’, Frontiers in Microbiology, 13.

García-Sánchez, M., Jiménez-Serra, I., Puente-Sánchez, F. and Aguirre, J. (2022) ‘The emergence of interstellar molecular complexity explained 
by interacting networks’, Proceedings of the National Academy of Sciences of the United States of America, 119(30).

Giacalone, S. and Dressing, C. D. and Hedges, C. and Kostov, V. B. and Collins, K. A. and Jensen, E. L. N. and Yahalomi, D. A. and Bieryla, A. and 
Ciardi, D. R. and Howell, S. B. and Lillo-Box, J. and Barkaoui, K. and Winters, J. G. and Matthews, E. and Livingston, J. H. and Quinn, S. N. and 
Safonov, B. S. and Cadieux, C. and Furlan, E. and Crossfield, I. J. M. and Mandell, A. M. and Gilbert, E. A. and Kruse, E. and Quintana, E. V. and 
Ricker, G. R. and Seager, S. and Winn, J. N. and Jenkins, J. M. and Duffy Adkins, B. and Baker, D. and Barclay, T. and Barrado, D. and Batalha, 
N. M. and Belinski, A. A. and Benkhaldoun, Z. and Buchhave, L. A. and Cacciapuoti, L. and Charbonneau, D. and Chontos, A. and Christiansen, 
J. L. and Cloutier, R. and Collins, K. I. and Conti, D. M. and Cutting, N. and Dixon, S. and Doyon, R. and Mufti, M. E. and Esparza-Borges, E. 
and Essack, Z. and Fukui, A. and Gan, T. and Gary, K. and Ghachoui, M. and Gillon, M. and Girardin, E. and Glidden, A. and Gonzales, E. J. and 
Guerra, P. and Horch, E. P. and Hełminiak, K. G. and Howard, A. W. and Huber, D. and Irwin, J. M. and Isopi, G. and Jehin, E. and Kagetani, T. 
and Kane, S. R. and Kawauchi, K. and Kielkopf, J. F. and Lewin, P. and Luker, L. and Lund, M. B. and Mallia, F. and Mao, S. and Massey, B. and 
Matson, R. A. and Mireles, I. and Mori, M. and Murgas, F. and Narita, N. and O’Dwyer, T. and Petigura, E. A. and Polanski, A. S. and Pozuelos, 
F. J. and Palle, E. and Parviainen, H. and Plavchan, P. P. and Relles, H. M. and Robertson, P. and Rose, M. E. and Rowden, P. and Roy, A. and 
Savel, A. B. and Schlieder, J. E. and Schnaible, C. and Schwarz, R. P. and Sefako, R. and Selezneva, A. and Skinner, B. and Stockdale, C. and 
Strakhov, I. A. and Tan, T. G. and Torres, G. and Tronsgaard, R. and Twicken, J. D. and Vermilion, D. and Waite, I. A. and Walter, B. and Wang, 
G. and Ziegler, C. and Zou, Y. (2022) ‘Validation of 13 Hot and Potentially Terrestrial TESS Planets’, Astronomical Journal, 163(2).

Gilmore, G. and Randich, S. and Worley, C. C. and Hourihane, A. and Gonneau, A. and Sacco, G. G. and Lewis, J. R. and Magrini, L. and François, 
P. and Jeffries, R. D. and Koposov, S. E. and Bragaglia, A. and Alfaro, E. J. and Prieto, C. A. and Blomme, R. and Korn, A. J. and Lanzafame, A. 
C. and Pancino, E. and Recio-Blanco, A. and Smiljanic, R. and Van Eck, S. and Zwitter, T. and Bensby, T. and Flaccomio, E. and Irwin, M. J. and 
Franciosini, E. and Morbidelli, L. and Damiani, F. and Bonito, R. and Friel, E. D. and Vink, J. S. and Prisinzano, L. and Abbas, U. and Hatzidimitriou, 
D. and Held, E. V. and Jordi, C. and Paunzen, E. and Spagna, A. and Jackson, R. J. and Apellániz, J. M. and Asplund, M. and Bonifacio, P. and 
Feltzing, S. and Binney, J. and Drew, J. and Ferguson, A. M. N. and Micela, G. and Negueruela, I. and Prusti, T. and Rix, H. W. and Vallenari, A. and 
Bergemann, M. and Casey, A. R. and de Laverny, P. and Frasca, A. and Hill, V. and Lind, K. and Sbordone, L. and Sousa, S. G. and Adibekyan, 
V. and Caffau, E. and Daflon, S. and Feuillet, D. K. and Gebran, M. and Hernández, J. I. G. and Guiglion, G. and Herrero, A. and Lobel, A. and 
Merle, T. and Mikolaitis, S. and Montes, D. and Morel, T. and Ruchti, G. and Soubiran, C. and Tabernero, H. M. and Tautvaišiene, G. and Traven, 
G. and Valentini, M. and Van der Swaelmen, M. and Villanova, S. and Vázquez, C. V. and Bayo, A. and Biazzo, K. and Carraro, G. and Edvards-
son, B. and Heiter, U. and Jofré, P. and Marconi, G. and Martayan, C. and Masseron, T. and Monaco, L. and Walton, N. A. and Zaggia, S. and 
Børsen-Koch, V. A. and Alves, J. and Balaguer-Núnez, L. and Barklem, P. S. and Barrado, D. and Bellazzini, M. and Berlanas, S. R. and Binks, 
A. S. and Bressan, A. and Capuzzo–Dolcetta, R. and Casagrande, L. and Casamiquela, L. and Collins, R. S. and D’Orazi, V. and Dantas, M. L. L. 
and Debattista, V. P. and Delgado-Mena, E. and Marcantonio, P. D. and Drazdauskas, A. and Evans, N. W. and Famaey, B. and Franchini, M. and 
Frémat, Y. and Fu, X. and Geisler, D. and Gerhard, O. and Solares, E. A. G. and Grebel, E. K. and Albarrán, M. L. G. and Jiménez-Esteban, F. and 
Jönsson, H. and Khachaturyants, T. and Kordopatis, G. and Kos, J. and Lagarde, N. and Ludwig, H. G. and Mahy, L. and Mapelli, M. and Marfil, 
E. and Martell, S. L. and Messina, S. and Miglio, A. and Minchev, I. and Moitinho, A. and Montalban, J. and Monteiro, M. J. P. F. G. and Morossi, 
C. and Mowlavi, N. and Mucciarelli, A. and Murphy, D. N. A. and Nardetto, N. and Ortolani, S. and Paletou, F. and Palous, J. and Pickering, J. C. 
and Quirrenbach, A. and Fiorentin, P. R. and Read, J. I. and Romano, D. and Ryde, N. and Sanna, N. and Santos, W. and Seabroke, G. M. and 



Annual Report 2022

149
(Articles and Reviews)

Publications

Spina, L. and Steinmetz, M. and Stonkuté, E. and Sutorius, E. and Thévenin, F. and Tosi, M. and Tsantaki, M. and Wright, N. and Wyse, R. F. G. 
and Zoccali, M. and Zorec, J. and Zucker, D. B. (2022) ‘The Gaia-ESO Public Spectroscopic Survey: Motivation, implementation, GIRAFFE data 
processing, analysis, and final data products?’, Astronomy and Astrophysics, 666.

Giménez-Arteaga, C., Brammer, G. B., Marchesini, D., Colina, L., Bajaj, V., Brinch, M., Calzetti, D., Lange-Vagle, D., Murphy, E. J., Perna, M., 
Piqueras-López, J. and Snyder, G. F. (2022) ‘High-resolution Hubble Space Telescope Imaging Survey of Local Star-forming Galaxies. I. Spatially 
Resolved Obscured Star Formation with Hσ and Paschen-σ Recombination Lines’, Astrophysical Journal, Supplement Series, 263(1).

González Díaz, C., Aparicio Secanellas, S., Muñoz Caro, G. M., Anaya Velayos, J. J., Carrascosa, H., Hernández, M. G., Muñoz-Iglesias, V., Mar-
cos-Fernández, A., Prieto-Ballesteros, O., Lorente, R., Witasse, O. and Altobelli, N. (2022a) ‘Thermal conductivity measurements of macroscopic 
frozen salt ice analogues of Jovian icy moons in support of the planned JUICE mission’, Monthly Notices of the Royal Astronomical Society, 510(3), 
pp. 4166-4179.

González Díaz, C., Carrascosa, H., Muñoz Caro, G. M., Satorre, M. A. and Chen, Y. J. (2022b) ‘Density and infrared band strength of interstellar 
carbon monoxide (CO) ice analogues’, Monthly Notices of the Royal Astronomical Society, 517(4), pp. 5744-5755.

González-Alfonso, E., Fischer, J., Goicoechea, J. R., Yang, C., Pereira-Santaella, M. and Stewart, K. P. (2022) ‘Importance of radiative pumping 
for the excitation of the H2O submillimeter lines in galaxies’, Astronomy and Astrophysics, 666.

González-Álvarez, E., Zapatero Osorio, M. R., Sanz-Forcada, J., Caballero, J. A., Reffert, S., Béjar, V. J. S., Hatzes, A. P., Herrero, E., Jeffers, S. 
V., Kemmer, J., López-González, M. J., Luque, R., Molaverdikhani, K., Morello, G., Nagel, E., Quirrenbach, A., Rodríguez, E., Rodríguez-López, 
C., Schlecker, M., Schweitzer, A., Stock, S., Passegger, V. M., Trifonov, T., Amado, P. J., Baker, D., Boyd, P. T., Cadieux, C., Charbonneau, 
D., Collins, K. A., Doyon, R., Dreizler, S., Espinoza, N., Furész, G., Furlan, E., Hesse, K., Howell, S. B., Jenkins, J. M., Kidwell, R. C., Latham, D. 
W., McLeod, K. K., Montes, D., Morales, J. C., O’Dwyer, T., Pallé, E., Pedraz, S., Reiners, A., Ribas, I., Quinn, S. N., Schnaible, C., Seager, S., 
Skinner, B., Smith, J. C., Schwarz, R. P., Shporer, A., Vanderspek, R. and Winn, J. N. (2022) ‘A multi-planetary system orbiting the early-M dwarf 
TOI-1238’, Astronomy and Astrophysics, 658.

Grady, M. M., Summons, R. E., Swindle, T. D., Westall, F., Kminek, G., Meyer, M. A., Beaty, D. W., Carrier, B. L., Haltigin, T., Hays, L. E., Agee, 
C. B., Busemann, H., Cavalazzi, B., Cockell, C. S., Debaille, V., Glavin, D. P., Hauber, E., Hutzler, A., Marty, B., McCubbin, F. M., Pratt, L. M., 
Regberg, A. B., Smith, A. L., Smith, C. L., Tait, K. T., Tosca, N. J., Udry, A., Usui, T., Velbel, M. A., Wadhwa, M. and Zorzano, M. P. (2022) ‘The 
Scientific Importance of Returning Airfall Dust as a Part of Mars Sample Return (MSR)’, Astrobiology, 22(S1), pp. S176-S185.

Griffiths, A., Conselice, C. J., Ferreira, L., Ceverino, D., Pérez-González, P. G., Vega, O., Rosa-González, D., Koekemoer, A. M., Marchesini, D., 
Rodríguez Espinosa, J. M., Rodríguez-Muñoz, L., Pampliega, B. A. and Terlevich, E. (2022) ‘Emission Line Galaxies in the SHARDS Hubble Frontier 
Fields. II. Limits on Lyman-continuum Escape Fractions of Lensed Emission Line Galaxies at Redshifts 2 < z < 3.5’, Astrophysical Journal, 941(2).

Grisdale, K., Hogan, L., Rigopoulou, D., Thatte, N., Pereira-Santaella, M., Devriendt, J., Slyz, A., García-Bernete, I., Dubois, Y., Yi, S. K. and Kraljic, 
K. (2022) ‘On the viability of determining galaxy properties from observations - I. Star formation rates and kinematics’, Monthly Notices of the Royal 
Astronomical Society, 513(3), pp. 3906-3924.

Grouffal, S., Santerne, A., Bourrier, V., Dumusque, X., Triaud, A. H. M. J., Malavolta, L., Kunovac, V., Armstrong, D. J., Attia, O., Barros, S. C. C., 
Boisse, I., Deleuil, M., Demangeon, O. D. S., Dressing, C. D., Figueira, P., Lillo-Box, J., Mortier, A., Nardiello, D., Santos, N. C. and Sousa, S. G. 
(2022) ‘Rossiter-McLaughlin detection of the 9-month period transiting exoplanet HIP41378 d’, Astronomy and Astrophysics, 668.

Haasler, D., Rivilla, V. M., Martín, S., Holdship, J., Viti, S., Harada, N., Mangum, J., Sakamoto, K., Muller, S., Tanaka, K., Yoshimura, Y., Nakanishi, 
K., Colzi, L., Hunt, L., Emig, K. L., Aladro, R., Humire, P., Henkel, C. and Van Der Werf, P. (2022) ‘First extragalactic detection of a phospho-
rus-bearing molecule with ALCHEMI: Phosphorus nitride (PN)’, Astronomy and Astrophysics, 659.

Hallet, B., Sletten, R. S., Malin, M., Mangold, N., Sullivan, R. J., Fairén, A. G., Martínez, G., Baker, M., Schieber, J., Martin-Torres, J. and Zorzano, 
M. P. (2022) ‘Active Ground Patterns Near Mars’ Equator in the Glen Torridon Region of Gale Crater’, Journal of Geophysical Research: Planets, 
127(10).

Haltigin, T., Hauber, E., Kminek, G., Meyer, M. A., Agee, C. B., Busemann, H., Carrier, B. L., Glavin, D. P., Hays, L. E., Marty, B., Pratt, L. M., Udry, 
A., Zorzano, M. P., Beaty, D. W., Cavalazzi, B., Cockell, C. S., Debaille, V., Grady, M. M., Hutzler, A., McCubbin, F. M., Regberg, A. B., Smith, A. 
L., Smith, C. L., Summons, R. E., Swindle, T. D., Tait, K. T., Tosca, N. J., Usui, T., Velbel, M. A., Wadhwa, M. and Westall, F. (2022) ‘Rationale and 
Proposed Design for a Mars Sample Return (MSR) Science Program’, Astrobiology, 22(S1), pp. S27-S56.



Annual Report 2022

150
Publications

Publicaciones

Hamran, S. E., Paige, D. A., Allwood, A., Amundsen, H. E. F., Berger, T., Brovoll, S., Carter, L., Casademont, T. M., Damsgård, L., Dypvik, H., 
Eide, S., Fairén, A. G., Ghent, R., Kohler, J., Mellon, M. T., Nunes, D. C., Plettemeier, D., Russell, P., Siegler, M. and Øyan, M. J. (2022) ‘Ground 
penetrating radar observations of subsurface structures in the floor of Jezero crater, Mars’, Science Advances, 8(34).

Harada, N., Martín, S., Mangum, J. G., Sakamoto, K., Muller, S., Rivilla, V. M., Henkel, C., Meier, D. S., Colzi, L., Yamagishi, M., Tanaka, K., Na-
kanishi, K., Herrero-Illana, R., Yoshimura, Y., Humire, P. K., Aladro, R., van der Werf, P. P. and Emig, K. L. (2022) ‘ALCHEMI Finds a “Shocking” 
Carbon Footprint in the Starburst Galaxy NGC 253’, Astrophysical Journal, 938(1).

Heidari, N., Boisse, I., Orell-Miquel, J., Hébrard, G., Acuña, L., Hara, N. C., Lillo-Box, J., Eastman, J. D., Arnold, L., Astudillo-Defru, N., Adibekyan, 
V., Bieryla, A., Bonfils, X., Bouchy, F., Barclay, T., Brasseur, C. E., Borgniet, S., Bourrier, V., Buchhave, L., Behmard, A., Beard, C., Batalha, N. 
M., Courcol, B., Cortés-Zuleta, P., Collins, K., Carmona, A., Crossfield, I. J. M., Chontos, A., Delfosse, X., Dalal, S., Deleuil, M., Demangeon, O. D. 
S., Diáz, R. F., Dumusque, X., Daylan, T., Dragomir, D., Delgado Mena, E., Dressing, C., Dai, F., Dalba, P. A., Ehrenreich, D., Forveille, T., Fulton, 
B., Fetherolf, T., Gaisné, G., Giacalone, S., Riazi, N., Hoyer, S., Hobson, M. J., Howard, A. W., Huber, D., Hill, M. L., Hirsch, L. A., Isaacson, H., 
Jenkins, J., Kane, S. R., Kiefer, F., Luque, R., Latham, D. W., Lubin, J., Lopez, T., Mousis, O., Moutou, C., Montagnier, G., Mignon, L., Mayo, A., 
Moσnik, T., Murphy, J. M. A., Palle, E., Pepe, F., Petigura, E. A., Rey, J., Ricker, G., Robertson, P., Roy, A., Rubenzahl, R. A., Rosenthal, L. J., 
Santerne, A., Santos, N. C., Sousa, S. G., Stassun, K. G., Stalport, M., Scarsdale, N., Strøm, P. A., Seager, S., Segransan, D., Tenenbaum, P., 
Tronsgaard, R., Udry, S., Vanderspek, R., Vakili, F., Winn, J. and Weiss, L. M. (2022) ‘HD 207897 b: A dense sub-Neptune transiting a nearby and 
bright K-type star’, Astronomy and Astrophysics, 658.

Heitkämper, J., Suchaneck, S., García de la Concepción, J., Kästner, J. and Molpeceres, G. (2022) ‘The reactivity of pyridine in cold interstellar 
environments: The reaction of pyridine with the CN radical’, Frontiers in Astronomy and Space Sciences, 9.

Herrero, A., Berlanas, S. R., Gil De Paz, A., Comerón, F., Puls, J., Ramírez Alegría, S., Garcia, M., Lennon, D. J., Najarro, F., Simón-Díaz, S., Ur-
baneja, M. A., Gallego, J., Carrasco, E., Iglesias, J., Cedazo, R., García Vargas, M. L., Castillo-Morales, Á., Pascual, S., Cardiel, N., Prez-Calpena, 
A., Gómez-Alvarez, P. and Martínez-Delgado, I. (2022a) ‘The nature of the Cygnus extreme B supergiant 2MASS J20395358+4222505’, Monthly 
Notices of the Royal Astronomical Society, 511(3), pp. 3113-3124.

Herrero, V. J., Tanarro, I., Jimenez-Serra, I., Carrascosa, H., Muñoz Caro, G. M. and Mate, B. (2022b) ‘Stability of urea in astrophysical ices. A 
laboratory study of VUV irradiation and high-energy electron bombardment’, Monthly Notices of the Royal Astronomical Society, 517(1), pp. 1058-
1070.

Herreros, M. I. and Ormö, J. (2022) ‘Marine impacts: Sedimentologic fingerprint of event magnitude’, Geology, 50(12), pp. 1331-1335.

Hieta, M., Genzer, M., Polkko, J., Jaakonaho, I., Tabandeh, S., Lorek, A., Garland, S., de Vera, J. P., Fischer, E., Martínez, G. M., Harri, A. M., 
Tamppari, L., Haukka, H., Meskanen, M., de la Torre Juárez, M. and Rodriguez Manfredi, J. A. (2022) ‘MEDA HS: Relative humidity sensor for the 
Mars 2020 Perseverance rover’, Planetary and Space Science, 223.

Hinman, N. W., Hofmann, M. H., Warren-Rhodes, K., Phillips, M. S., Noffke, N., Cabrol, N. A., Chong Diaz, G., Demergasso, C., Tebes-Cayo, C., 
Cabestrero, O., Bishop, J. L., Gulick, V. C., Summers, D., Sobron, P., McInenly, M., Moersch, J., Rodriguez, C., Sarazzin, P., Rhodes, K. L., Riffo 
Contreras, C. J., Wettergreen, D., Parro, V. and on behalf of the, S. N. A. I. t. (2022) ‘Surface Morphologies in a Mars-Analog Ca-Sulfate Salar, High 
Andes, Northern Chile’, Frontiers in Astronomy and Space Sciences, 8.

Hochberg, D., Buhse, T., Micheau, J. C. and Ribó, J. M. (2022) ‘Resilience of parity-violation-induced chiral selectivity to nonequilibrium tempera-
ture fluctuations in open systems’, Physical Review Research, 4(3).

Hogan, L., Rigopoulou, D., García-Burillo, S., Alonso-Herrero, A., Barrufet, L., Combes, F., García-Bernete, I., Magdis, G. E., Pereira-Santaella, M., 
Thatte, N. and Weiß, A. (2022) ‘Unveiling the main sequence to starburst transition region with a sample of intermediate redshift luminous infrared 
galaxies’, Monthly Notices of the Royal Astronomical Society, 512(2), pp. 2371-2388.

Holdship, J., Mangum, J. G., Viti, S., Behrens, E., Harada, N., Martín, S., Sakamoto, K., Muller, S., Tanaka, K., Nakanishi, K., Herrero-Illana, R., 
Yoshimura, Y., Aladro, R., Colzi, L., Emig, K. L., Henkel, C., Nishimura, Y., Rivilla, V. M. and Van Der Werf, P. P. (2022) ‘Energizing Star Formation: 
The Cosmic-Ray Ionization Rate in NGC 253 Derived from ALCHEMI Measurements of H3O+and SO’, Astrophysical Journal, 931(2).

Holgado, G., Simón-Díaz, S., Herrero, A. and Barbá, R. H. (2022) ‘The IACOB project: VII. The rotational properties of Galactic massive O-type 
stars revisited’, Astronomy and Astrophysics, 665.

Hooton, M. J., Hoyer, S., Kitzmann, D., Morris, B. M., Smith, A. M. S., Collier Cameron, A., Futyan, D., Maxted, P. F. L., Queloz, D., Demory, B. 
O., Heng, K., Lendl, M., Cabrera, J., Csizmadia, S., Deline, A., Parviainen, H., Salmon, S., Sulis, S., Wilson, T. G., Bonfanti, A., Brandeker, A., 
Demangeon, O. D. S., Oshagh, M., Persson, C. M., Scandariato, G., Alibert, Y., Alonso, R., Anglada Escudé, G., Bárczy, T., Barrado, D., Barros, 



Annual Report 2022

151
(Articles and Reviews)

Publications

S. C. C., Baumjohann, W., Beck, M., Beck, T., Benz, W., Billot, N., Bonfils, X., Bourrier, V., Broeg, C., Busch, M. D., Charnoz, S., Davies, M. B., 
Deleuil, M., Delrez, L., Ehrenreich, D., Erikson, A., Farinato, J., Fortier, A., Fossati, L., Fridlund, M., Gandolfi, D., Gillon, M., Güdel, M., Isaak, K. G., 
Jones, K., Kiss, L., Laskar, J., Lecavelier Des Etangs, A., Lovis, C., Luntzer, A., Magrin, D., Nascimbeni, V., Olofsson, G., Ottensamer, R., Pagano, 
I., Pallé, E., Peter, G., Piotto, G., Pollacco, D., Ragazzoni, R., Rando, N., Ratti, F., Rauer, H., Ribas, I., Santos, N. C., Ségransan, D., Simon, A. E., 
Sousa, S. G., Steller, M., Szabó, G. M., Thomas, N., Udry, S., Ulmer, B., Van Grootel, V. and Walton, N. A. (2022) ‘Spi-OPS: Spitzer and CHEOPS 
confirm the near-polar orbit of MASCARA-1 b and reveal a hint of dayside reflection’, Astronomy and Astrophysics, 658.

Hortelano, C., Ruiz-Bermejo, M. and de la Fuente, J. L. (2022) ‘Air effect on both polymerization kinetics and thermal degradation properties of 
novel HCN polymers based on diaminomaleonitrile’, Polymer Degradation and Stability, 206.

Hoyer, S., Bonfanti, A., Leleu, A., Acuña, L., Serrano, L. M., Deleuil, M., Bekkelien, A., Broeg, C., Florén, H. G., Queloz, D., Wilson, T. G., Sousa, S. 
G., Hooton, M. J., Adibekyan, V., Alibert, Y., Alonso, R., Anglada, G., Asquier, J., Bárczy, T., Barrado, D., Barros, S. C. C., Baumjohann, W., Beck, 
M., Beck, T., Benz, W., Billot, N., Biondi, F., Bonfils, X., Brandeker, A., Cabrera, J., Charnoz, S., Collier Cameron, A., Csizmadia, S., Davies, M. B., 
Delrez, L., Demangeon, O. D. S., Demory, B. O., Ehrenreich, D., Erikson, A., Fortier, A., Fossati, L., Fridlund, M., Gandolfi, D., Gillon, M., Güdel, 
M., Hara, N., Heng, K., Isaak, K. G., Jenkins, J. M., Kiss, L. L., Laskar, J., Latham, D. W., Lecavelier Des Etangs, A., Lendl, M., Lovis, C., Luntzer, 
A., Magrin, D., Maxted, P. F. L., Nascimbeni, V., Olofsson, G., Ottensamer, R., Pagano, I., Pallé, E., Persson, C. M., Peter, G., Piazza, D., Piotto, 
G., Pollacco, D., Ragazzoni, R., Rando, N., Rauer, H., Ribas, I., Ricker, G. R., Salmon, S., Santos, N. C., Scandariato, G., Seager, S., Ségransan, 
D., Simon, A. E., Smith, A. M. S., Steller, M., Szabó, G. M., Thomas, N., Twicken, J. D., Udry, S., Van Grootel, V., Vanderspek, R. K., Walton, N. 
A., Westerdorff, K. and Winn, J. N. (2022) ‘Characterization of the HD 108236 system with CHEOPS and TESS Confirmation of a fifth transiting 
planet’, Astronomy and Astrophysics, 668.

Huang, K. Y., Viti, S., Holdship, J., García-Burillo, S., Kohno, K., Taniguchi, A., Martn, S., Aladro, R., Fuente, A. and Sánchez-García, M. (2022a) 
‘The chemical footprint of AGN feedback in the outflowing circumnuclear disk of NGC 1068’, Astronomy and Astrophysics, 666.

Huang, T., Lai, Q., Xiao, L., Gong, L., Shao, Z., Wang, H., Xu, Y., Amils, R., Escudero, C. and Martinez, J. M. (2022b) ‘Sediminibacillus dalangtan-
ensis sp. nov., a moderate halophile isolated from hypersaline sediments of the Qaidam Basin in Northwest China’, International journal of system-
atic and evolutionary microbiology, 71(8).

Humire, P. K., Henkel, C., Hernández-Gómez, A., Martín, S., Mangum, J., Harada, N., Muller, S., Sakamoto, K., Tanaka, K., Yoshimura, Y., Naka-
nishi, K., Mühle, S., Herrero-Illana, R., Meier, D. S., Caux, E., Aladro, R., Mauersberger, R., Viti, S., Colzi, L., Rivilla, V. M., Gorski, M., Menten, K. M., 
Huang, K. Y., Aalto, S., Van Der Werf, P. P. and Emig, K. L. (2022) ‘Methanol masers in NGC 253 with ALCHEMI’, Astronomy and Astrophysics, 
663.

Huélamo, N., Chauvin, G., Mendigutía, I., Whelan, E., Alcalá, J. M., Cugno, G., Schmid, H. M., De Gregorio-Monsalvo, I., Zurlo, A., Barrado, D., 
Benisty, M., Quanz, S. P., Bouy, H., Montesinos, B., Beletsky, Y. and Szulagyi, J. (2022) ‘Searching for Hσ-emitting sources in the gaps of five 
transitional disks: SPHERE/ZIMPOL high-contrast imaging’, Astronomy and Astrophysics, 668.

Imai, M., Oya, Y., Svoboda, B., Liu, H. B., Lefloch, B., Viti, S., Zhang, Y., Ceccarelli, C., Codella, C., Chandler, C. J., Sakai, N., Aikawa, Y., Alves, 
F. O., Balucani, N., Bianchi, E., Bouvier, M., Busquet, G., Caselli, P., Caux, E., Charnley, S., Choudhury, S., Cuello, N., Simone, M. D., Dulieu, 
F., Durán, A., Evans, L., Favre, C., Fedele, D., Feng, S., Fontani, F., Francis, L., Hama, T., Hanawa, T., Herbst, E., Hirano, S., Hirota, T., Isella, A., 
Jímenez-Serra, I., Johnstone, D., Kahane, C., Le Gal, R., Loinard, L., López-Sepulcre, A., Maud, L. T., Maureira, M. J., Menard, F., Mercimek, S., 
Miotello, A., Moellenbrock, G., Mori, S., Murillo, N. M., Nakatani, R., Nomura, H., Oba, Y., O’Donoghue, R., Ohashi, S., Okoda, Y., Ospina-Zam-
udio, J., Pineda, J., Podio, L., Rimola, A., Sakai, T., Segura-Cox, D., Shirley, Y., Taquet, V., Testi, L., Vastel, C., Watanabe, N., Watanabe, Y., 
Witzel, A., Xue, C., Zhao, B. and Yamamoto, S. (2022) ‘Chemical and Physical Characterization of the Isolated Protostellar Source CB68: FAUST 
IV’, Astrophysical Journal, 934(1).

Jackson, R. J., Jeffries, R. D., Wright, N. J., Randich, S., Sacco, G., Bragaglia, A., Hourihane, A., Tognelli, E., Degl’innocenti, S., Prada Moroni, 
P. G., Gilmore, G., Bensby, T., Pancino, E., Smiljanic, R., Bergemann, M., Carraro, G., Franciosini, E., Gonneau, A., Jofré, P., Lewis, J., Magrini, 
L., Morbidelli, L., Prisinzano, L., Worley, C., Zaggia, S., Tautvaišiene, G., Gutiérrez Albarrán, M. L., Montes, D. and Jiménez-Esteban, F. (2022) 
‘The Gaia-ESO Survey: Membership probabilities for stars in 63 open and 7 globular clusters from 3D kinematics’, Monthly Notices of the Royal 
Astronomical Society, 509(2), pp. 1664-1680.

Jakobsen, P., Ferruit, P., Alves De Oliveira, C., Arribas, S., Bagnasco, G., Barho, R., Beck, T. L., Birkmann, S., Böker, T., Bunker, A. J., Charlot, S., 
De Jong, P., De Marchi, G., Ehrenwinkler, R., Falcolini, M., Fels, R., Franx, M., Franz, D., Funke, M., Giardino, G., Gnata, X., Holota, W., Honnen, K., 
Jensen, P. L., Jentsch, M., Johnson, T., Jollet, D., Karl, H., Kling, G., Köhler, J., Kolm, M. G., Kumari, N., Lander, M. E., Lemke, R., López-Caniego, 
M., Lützgendorf, N., Maiolino, R., Manjavacas, E., Marston, A., Maschmann, M., Maurer, R., Messerschmidt, B., Moseley, S. H., Mosner, P., Mott, 
D. B., Muzerolle, J., Pirzkal, N., Pittet, J. F., Plitzke, A., Posselt, W., Rapp, B., Rauscher, B. J., Rawle, T., Rix, H. W., Rödel, A., Rumler, P., Sabbi, 



Annual Report 2022

152
Publications

Publicaciones

E., Salvignol, J. C., Schmid, T., Sirianni, M., Smith, C., Strada, P., Te Plate, M., Valenti, J., Wettemann, T., Wiehe, T., Wiesmayer, M., Willott, C. J., 
Wright, R., Zeidler, P. and Zincke, C. (2022) ‘The Near-Infrared Spectrograph (NIRSpec) on the James Webb Space Telescope: I. Overview of the 
instrument and its capabilities’, Astronomy and Astrophysics, 661.

Jeffers, S. V., Barnes, J. R., Schöfer, P., Quirrenbach, A., Zechmeister, M., Amado, P. J., Caballero, J. A., Fernández, M., Rodríguez, E., Ribas, I., 
Reiners, A., Cardona Guillén, C., Cifuentes, C., Czesla, S., Hatzes, A. P., Kürster, M., Montes, D., Morales, J. C., Pedraz, S. and Sadegi, S. (2022) 
‘The CARMENES search for exoplanets around M dwarfs: Benchmarking the impact of activity in high-precision radial velocity measurements’, 
Astronomy and Astrophysics, 663.

Jiménez-Escobar, A., Ciaravella, A., Cecchi-Pestellini, C., Muñoz Caro, G. M., Huang, C. H., Sie, N. E. and Chen, Y. J. (2022) ‘X-Ray-induced 
Diffusion and Mixing in Layered Astrophysical Ices’, Astrophysical Journal, 926(2).

Jiménez-Serra, I., Martín-Pintado, J., Insausti, A., Alonso, E. R., Cocinero, E. J. and Bourke, T. L. (2022a) ‘The SKA as a Prebiotic Molecule Detec-
tor’, Frontiers in Astronomy and Space Sciences, 9.

Jiménez-Serra, I., Rodríguez-Almeida, L. F., Martín-Pintado, J., Rivilla, V. M., Melosso, M., Zeng, S., Colzi, L., Kawashima, Y., Hirota, E., Puzzarini, 
C., Tercero, B., De Vicente, P., Rico-Villas, F., Requena-Torres, M. A. and Martín, S. (2022b) ‘Precursors of fatty alcohols in the ISM: Discovery of 
n -propanol’, Astronomy and Astrophysics, 663.

Kemmer, J., Dreizler, S., Kossakowski, D., Stock, S., Quirrenbach, A., Caballero, J. A., Amado, P. J., Collins, K. A., Espinoza, N., Herrero, E., 
Jenkins, J. M., Latham, D. W., Lillo-Box, J., Narita, N., Pallé, E., Reiners, A., Ribas, I., Ricker, G., Rodríguez, E., Seager, S., Vanderspek, R., Wells, 
R., Winn, J., Aceituno, F. J., Béjar, V. J. S., Barclay, T., Bluhm, P., Chaturvedi, P., Cifuentes, C., Collins, K. I., Cortés-Contreras, M., Demory, B. O., 
Fausnaugh, M. M., Fukui, A., Gómez Maqueo Chew, Y., Galadí-Enríquez, D., Gan, T., Gillon, M., Golovin, A., Hatzes, A. P., Henning, T., Huang, 
C., Jeffers, S. V., Kaminski, A., Kunimoto, M., Kürster, M., López-González, M. J., Lafarga, M., Luque, R., McCormac, J., Molaverdikhani, K., 
Montes, D., Morales, J. C., Passegger, V. M., Reffert, S., Sabin, L., Schöfer, P., Schanche, N., Schlecker, M., Schroffenegger, U., Schwarz, R. P., 
Schweitzer, A., Sota, A., Tenenbaum, P., Trifonov, T., Vanaverbeke, S. and Zechmeister, M. (2022) ‘Discovery and mass measurement of the hot, 
transiting, Earth-sized planet, GJ 3929 b’, Astronomy and Astrophysics, 659.

Khouri, T., Vlemmings, W. H. T., Tafoya, D., Pérez-Sánchez, A. F., Sánchez Contreras, C., Gómez, J. F., Imai, H. and Sahai, R. (2022) ‘Observa-
tional identification of a sample of likely recent common-envelope events’, Nature Astronomy, 6(2), pp. 275-286.

Klioner, S. A. and Lindegren, L. and Mignard, F. and Hernández, J. and Ramos-Lerate, M. and Bastian, U. and Biermann, M. and Bombrun, A. 
and De Torres, A. and Gerlach, E. and Geyer, R. and Hilger, T. and Hobbs, D. and Lammers, U. L. and McMillan, P. J. and Steidelmüller, H. and 
Teyssier, D. and Raiteri, C. M. and Bartolomé, S. and Bernet, M. and Castañeda, J. and Clotet, M. and Davidson, M. and Fabricius, C. and Garral-
da Torres, N. and González-Vidal, J. J. and Portell, J. and Rowell, N. and Torra, F. and Torra, J. and Brown, A. G. A. and Vallenari, A. and Prusti, 
T. and De Bruijne, J. H. J. and Arenou, F. and Babusiaux, C. and Creevey, O. L. and Ducourant, C. and Evans, D. W. and Eyer, L. and Guerra, 
R. and Hutton, A. and Jordi, C. and Luri, X. and Panem, C. and Pourbaix, D. and Randich, S. and Sartoretti, P. and Soubiran, C. and Tanga, P. 
and Walton, N. A. and Bailer-Jones, C. A. L. and Drimmel, R. and Jansen, F. and Katz, D. and Lattanzi, M. G. and Van Leeuwen, F. and Bakker, 
J. and Cacciari, C. and De Angeli, F. and Fouesneau, M. and Frémat, Y. and Galluccio, L. and Guerrier, A. and Heiter, U. and Masana, E. and 
Messineo, R. and Mowlavi, N. and Nicolas, C. and Nienartowicz, K. and Pailler, F. and Panuzzo, P. and Riclet, F. and Roux, W. and Seabroke, 
G. M. and Sordo, R. and Thévenin, F. and Gracia-Abril, G. and Altmann, M. and Andrae, R. and Audard, M. and Bellas-Velidis, I. and Benson, K. 
and Berthier, J. and Blomme, R. and Burgess, P. W. and Busonero, D. and Busso, G. and Cánovas, H. and Carry, B. and Cellino, A. and Cheek, 
N. and Clementini, G. and Damerdji, Y. and De Teodoro, P. and Nuñez Campos, M. and Delchambre, L. and Dell’Oro, A. and Esquej, P. and 
Fernández-Hernández, J. and Fraile, E. and Garabato, D. and García-Lario, P. and Gosset, E. and Haigron, R. and Halbwachs, J. L. and Hambly, 
N. C. and Harrison, D. L. and Hestroffer, D. and Hodgkin, S. T. and Holl, B. and Janben, K. and Jevardat De Fombelle, G. and Jordan, S. and 
Krone-Martins, A. and Lanzafame, A. C. and Löffler, W. and Marchal, O. and Marrese, P. M. and Moitinho, A. and Muinonen, K. and Osborne, P. 
and Pancino, E. and Pauwels, T. and Recio-Blanco, A. and Reylé, C. and Riello, M. and Rimoldini, L. and Roegiers, T. and Rybizki, J. and Sarro, L. 
M. and Siopis, C. and Smith, M. and Sozzetti, A. and Utrilla, E. and Van Leeuwen, M. and Abbas, U. and Ábrahám, P. and Abreu Aramburu, A. and 
Aerts, C. and Aguado, J. J. and Ajaj, M. and Aldea-Montero, F. and Altavilla, G. and Álvarez, M. A. and Alves, J. and Anderson, R. I. and Anglada 
Varela, E. and Antoja, T. and Baines, D. and Baker, S. G. and Balaguer-Núñez, L. and Balbinot, E. and Balog, Z. and Barache, C. and Barbato, D. 
and Barros, M. and Barstow, M. A. and Bassilana, J. L. and Bauchet, N. and Becciani, U. and Bellazzini, M. and Berihuete, A. and Bertone, S. and 
Bianchi, L. and Binnenfeld, A. and Blanco-Cuaresma, S. and Boch, T. and Bossini, D. and Bouquillon, S. and Bragaglia, A. and Bramante, L. and 
Breedt, E. and Bressan, A. and Brouillet, N. and Brugaletta, E. and Bucciarelli, B. and Burlacu, A. and Butkevich, A. G. and Buzzi, R. and Caffau, 
E. and Cancelliere, R. and Cantat-Gaudin, T. and Carballo, R. and Carlucci, T. and Carnerero, M. I. and Carrasco, J. M. and Casamiquela, L. and 
Castellani, M. and Castro-Ginard, A. and Chaoul, L. and Charlot, P. and Chemin, L. and Chiaramida, V. and Chiavassa, A. and Chornay, N. and 



Annual Report 2022

153
(Articles and Reviews)

Publications

Comoretto, G. and Contursi, G. and Cooper, W. J. and Cornez, T. and Cowell, S. and Crifo, F. and Cropper, M. and Crosta, M. and Crowley, C. 
and Dafonte, C. and Dapergolas, A. and David, P. and De Laverny, P. and De Luise, F. and De March, R. and De Ridder, J. and De Souza, R. and 
Del Peloso, E. F. and Del Pozo, E. and Delbo, M. and Delgado, A. and Delisle, J. B. and Demouchy, C. and Dharmawardena, T. E. and Diakite, S. 
and Diener, C. and Distefano, E. and Dolding, C. and Enke, H. and Fabre, C. and Fabrizio, M. and Faigler, S. and Fedorets, G. and Fernique, P. and 
Fienga, A. and Figueras, F. and Fournier, Y. and Fouron, C. and Fragkoudi, F. and Gai, M. and Garcia-Gutierrez, A. and Garcia-Reinaldos, M. and 
García-Torres, M. and Garofalo, A. and Gavel, A. and Gavras, P. and Giacobbe, P. and Gilmore, G. and Girona, S. and Giuffrida, G. and Gomel, 
R. and Gomez, A. and González-Núñez, J. and González-Santamaría, I. and Granvik, M. and Guillout, P. and Guiraud, J. and Gutiérrez-Sánchez, 
R. and Guy, L. P. and Hatzidimitriou, D. and Hauser, M. and Haywood, M. and Helmer, A. and Helmi, A. and Sarmiento, M. H. and Hidalgo, S. 
L. and Hładczuk, N. and Holland, G. and Huckle, H. E. and Jardine, K. and Jasniewicz, G. and Jean-Antoine Piccolo, A. and Jiménez-Arranz, O. 
and Juaristi Campillo, J. and Julbe, F. and Karbevska, L. and Kervella, P. and Khanna, S. and Kordopatis, G. and Korn, A. J. and Kóspál, A. and 
Kostrzewa-Rutkowska, Z. and Kruszyσska, K. and Kun, M. and Laizeau, P. and Lambert, S. and Lanza, A. F. and Lasne, Y. and Le Campion, J. F. 
and Lebreton, Y. and Lebzelter, T. and Leccia, S. and Leclerc, N. and Lecoeur-Taibi, I. and Liao, S. and Licata, E. L. and Lindstrøm, H. E. P. and 
Lister, T. A. and Livanou, E. and Lobel, A. and Lorca, A. and Loup, C. and Madrero Pardo, P. and Magdaleno Romeo, A. and Managau, S. and 
Mann, R. G. and Manteiga, M. and Marchant, J. M. and Marconi, M. and Marcos, J. and Santos, M. M. S. M. and Marín Pina, D. and Marinoni, S. 
and Marocco, F. and Marshall, D. J. and Polo, L. M. and Martín-Fleitas, J. M. and Marton, G. and Mary, N. and Masip, A. and Massari, D. and Mas-
trobuono-Battisti, A. and Mazeh, T. and Messina, S. and Michalik, D. and Millar, N. R. and Mints, A. and Molina, D. and Molinaro, R. and Molnár, 
L. and Monari, G. and Monguió, M. and Montegriffo, P. and Montero, A. and Mor, R. and Mora, A. and Morbidelli, R. and Morel, T. and Morris, D. 
and Muraveva, T. and Murphy, C. P. and Musella, I. and Nagy, Z. and Noval, L. and Ocaña, F. and Ogden, A. and Ordenovic, C. and Osinde, J. O. 
and Pagani, C. and Pagano, I. and Palaversa, L. and Palicio, P. A. and Pallas-Quintela, L. and Panahi, A. and Payne-Wardenaar, S. and Peñalosa 
Esteller, X. and Penttilä, A. and Pichon, B. and Piersimoni, A. M. and Pineau, F. X. and Plachy, E. and Plum, G. and Poggio, E. and Prša, A. and 
Pulone, L. and Racero, E. and Ragaini, S. and Rainer, M. and Rambaux, N. and Ramos, P. and Re Fiorentin, P. and Regibo, S. and Richards, P. 
J. and Diaz, C. R. and Ripepi, V. and Riva, A. and Rix, H. W. and Rixon, G. and Robichon, N. and Robin, A. C. and Robin, C. and Roelens, M. and 
Rogues, H. R. O. and Rohrbasser, L. and Romero-Gómez, M. and Royer, F. and Ruz Mieres, D. and Rybicki, K. A. and Sadowski, G. and Sáez 
Núñez, A. and Sagristà Sellés, A. and Sahlmann, J. and Salguero, E. and Samaras, N. and Sanchez Gimenez, V. and Sanna, N. and Santoveña, 
R. and Sarasso, M. and Schultheis, M. and Sciacca, E. and Segol, M. and Segovia, J. C. and Ségransan, D. and Semeux, D. and Shahaf, S. and 
Siddiqui, H. I. and Siebert, A. and Siltala, L. and Silvelo, A. and Slezak, E. and Slezak, I. and Smart, R. L. and Snaith, O. N. and Solano, E. and 
Solitro, F. and Souami, D. and Souchay, J. and Spagna, A. and Spina, L. and Spoto, F. and Steele, I. A. and Stephenson, C. A. and Süveges, M. 
and Surdej, J. and Szabados, L. and Szegedi-Elek, E. and Taris, F. and Taylor, M. B. and Teixeira, R. and Tolomei, L. and Tonello, N. and Torralba 
Elipe, G. and Trabucchi, M. and Tsounis, A. T. and Turon, C. and Ulla, A. and Unger, N. and Vaillant, M. V. and Van Dillen, E. and Van Reeven, W. 
and Vanel, O. and Vecchiato, A. and Viala, Y. and Vicente, D. and Voutsinas, S. and Weiler, M. and Wevers, T. and Wyrzykowski, L. and Yoldas, 
A. and Yvard, P. and Zhao, H. and Zorec, J. and Zucker, S. and Zwitter, T. (2022) ‘Gaia Early Data Release 3: The celestial reference frame (Gaia-
CRF3)’, Astronomy and Astrophysics, 667.

Koss, M. J., Ricci, C., Trakhtenbrot, B., Oh, K., Den Brok, J. S., Mejía-Restrepo, J. E., Stern, D., Privon, G. C., Treister, E., Powell, M. C., Mushotz-
ky, R., Bauer, F. E., Ananna, T. T., Balokoviσ, M., Bär, R. E., Becker, G., Bessiere, P., Burtscher, L., Caglar, T., Congiu, E., Evans, P., Harrison, F., 
Heida, M., Ichikawa, K., Kamraj, N., Lamperti, I., Pacucci, F., Ricci, F., Riffel, R., Rojas, A. F., Schawinski, K., Temple, M. J., Urry, C. M., Veilleux, S. 
and Williams, J. (2022a) ‘BASS. XXII. the BASS DR2 AGN Catalog and Data’, Astrophysical Journal, Supplement Series, 261(1).

Koss, M. J., Trakhtenbrot, B., Ricci, C., Bauer, F. E., Treister, E., Mushotzky, R., Urry, C. M., Ananna, T. T., Balokoviσ, M., Den Brok, J. S., Cenko, 
S. B., Harrison, F., Ichikawa, K., Lamperti, I., Lein, A., Mejía-Restrepo, J. E., Oh, K., Pacucci, F., Pfeifle, R. W., Powell, M. C., Privon, G. C., Ricci, 
F., Salvato, M., Schawinski, K., Shimizu, T., Smith, K. L. and Stern, D. (2022b) ‘BASS. XXI. the Data Release 2 Overview’, Astrophysical Journal, 
Supplement Series, 261(1).

Koss, M. J., Trakhtenbrot, B., Ricci, C., Oh, K., Bauer, F. E., Stern, D., Caglar, T., Den Brok, J. S., Mushotzky, R., Ricci, F., Mejía-Restrepo, J. E., 
Lamperti, I., Treister, E., Bär, R. E., Harrison, F., Powell, M. C., Privon, G. C., Riffel, R., Rojas, A. F., Schawinski, K. and Urry, C. M. (2022c) ‘BASS. 
XXVI. DR2 Host Galaxy Stellar Velocity Dispersions’, Astrophysical Journal, Supplement Series, 261(1).

Kossakowski, D., Kürster, M., Henning, T., Trifonov, T., Caballero, J. A., Lafarga, M., Stock, S., Kemmer, J., Jeffers, S. V., Amado, P. J., Pérez-Tor-
res, M., Béjar, V. J. S., Cortés-Contreras, M., Bauer, F. F., Ribas, I., Reiners, A., Quirrenbach, A., Aceituno, J., Baroch, D., Cifuentes, C., Dreizler, 
S., Hatzes, A., Kaminski, A., Montes, D., Morales, J. C., Pavlov, A., Peña, L., Perdelwitz, V., Reffert, S., Revilla, D., López, C. R., Rosich, A., Sadegi, 
S., Sanz-Forcada, J., Schöfer, P., Schweitzer, A. and Zechmeister, M. (2022) ‘The CARMENES search for exoplanets around M dwarfs Stable 
radial-velocity variations at the rotation period of AD Leonis: A test case study of current limitations to treating stellar activity?’, Astronomy and 
Astrophysics, 666.



Annual Report 2022

154
Publications

Publicaciones

Lacedelli, G. and Wilson, T. G. and Malavolta, L. and Hooton, M. J. and Collier Cameron, A. and Alibert, Y. and Mortier, A. and Bonfanti, A. and 
Haywood, R. D. and Hoyer, S. and Piotto, G. and Bekkelien, A. and Vanderburg, A. M. and Benz, W. and Dumusque, X. and Deline, A. and 
Lopez-Morales, M. and Borsato, L. and Rice, K. and Fossati, L. and Latham, D. W. and Brandeker, A. and Poretti, E. and Sousa, S. G. and Soz-
zetti, A. and Salmon, S. and Burke, C. J. and Van Grootel, V. and Fausnaugh, M. M. and Adibekyan, V. and Huang, C. X. and Osborn, H. P. and 
Mustill, A. J. and Palle, E. and Bourrier, V. and Nascimbeni, V. and Alonso, R. and Anglada, G. and Barczy, T. and Barrado Y Navascues, D. and 
Barros, S. C. C. and Baumjohann, W. and Beck, M. and Beck, T. and Billot, N. and Bonfils, X. and Broeg, C. and Buchhave, L. A. and Cabrera, 
J. and Charnoz, S. and Cosentino, R. and Csizmadia, S. and Davies, M. B. and Deleuil, M. and Delrez, L. and Demangeon, O. and Demory, B. 
O. and Ehrenreich, D. and Erikson, A. and Esparza-Borges, E. and Floren, H. G. and Fortier, A. and Fridlund, M. and Futyan, D. and Gandolfi, D. 
and Ghedina, A. and Gillon, M. and Güdel, M. and Guterman, P. and Harutyunyan, A. and Heng, K. and Isaak, K. G. and Jenkins, J. M. and Kiss, 
L. and Laskar, J. and Lecavelier Des Etangs, A. and Lendl, M. and Lovis, C. and Magrin, D. and Marafatto, L. and Martinez Fiorenzano, A. F. and 
Maxted, P. F. L. and Mayor, M. and Micela, G. and Molinari, E. and Murgas, F. and Narita, N. and Olofsson, G. and Ottensamer, R. and Pagano, I. 
and Pasetti, A. and Pedani, M. and Pepe, F. A. and Peter, G. and Phillips, D. F. and Pollacco, D. and Queloz, D. and Ragazzoni, R. and Rando, N. 
and Ratti, F. and Rauer, H. and Ribas, I. and Santos, N. C. and Sasselov, D. and Scandariato, G. and Seager, S. and Segransan, D. and Serrano, 
L. M. and Simon, A. E. and Smith, A. M. S. and Steinberger, M. and Steller, M. and Szabo, G. and Thomas, N. and Twicken, J. D. and Udry, S. and 
Walton, N. and Winn, J. N. (2022) ‘Investigating the architecture and internal structure of the TOI-561 system planets with CHEOPS, HARPS-N, 
and TESS’, Monthly Notices of the Royal Astronomical Society, 511(3), pp. 4551-4571.

Lamperti, I., Pereira-Santaella, M., Perna, M., Colina, L., Arribas, S., García-Burillo, S., González-Alfonso, E., Aalto, S., Alonso-Herrero, A., Combes, 
F., Labiano, A., Piqueras-López, J., Rigopoulou, D. and Van Der Werf, P. (2022) ‘Physics of ULIRGs with MUSE and ALMA: The PUMA project: IV. 
No tight relation between cold molecular outflow rates and AGN luminosities’, Astronomy and Astrophysics, 668.

Lange, L., Forget, F., Banfield, D., Wolff, M., Spiga, A., Millour, E., Viúdez-Moreiras, D., Bierjon, A., Piqueux, S., Newman, C., Pla-García, J. and 
Banerdt, W. B. (2022) ‘InSight Pressure Data Recalibration, and Its Application to the Study of Long-Term Pressure Changes on Mars’, Journal of 
Geophysical Research: Planets, 127(5).

Lavado, N., De La Concepción, J. G., Cintas, P. and Babiano, R. (2022) ‘Synthesis of C: XNy-rich polycyclic oligomers from primeval monomers 
in aqueous media’, Physical Chemistry Chemical Physics, 24(6), pp. 3632-3646.

Lemmon, M. T., Lorenz, R. D., Rabinovitch, J., Newman, C. E., Williams, N. R., Sullivan, R., Golombek, M. P., Bell, J. F., III, Maki, J. N. and 
Vicente-Retortillo, A. (2022a) ‘Lifting and Transport of Martian Dust by the Ingenuity Helicopter Rotor Downwash as Observed by High-Speed 
Imaging From the Perseverance Rover’, Journal of Geophysical Research: Planets, 127(12).

Lemmon, M. T., Smith, M. D., Viudez-Moreiras, D., de la Torre-Juarez, M., Vicente-Retortillo, A., Munguira, A., Sanchez-Lavega, A., Hueso, R., 
Martinez, G., Chide, B., Sullivan, R., Toledo, D., Tamppari, L., Bertrand, T., Bell, J. F., III, Newman, C., Baker, M., Banfield, D., Rodriguez-Manfre-
di, J. A., Maki, J. N. and Apestigue, V. (2022b) ‘Dust, Sand, and Winds Within an Active Martian Storm in Jezero Crater’, Geophysical Research 
Letters, 49(17).

Lemmon, M. T., Toledo, D., Apestigue, V., Arruego, I., Wolff, M. J., Patel, P., Guzewich, S., Colaprete, A., Vicente-Retortillo, Á., Tamppari, L., Mont-
messin, F., de la Torre Juarez, M., Maki, J., McConnochie, T., Brown, A. and Bell, J. F., III (2022c) ‘Hexagonal Prisms Form in Water-Ice Clouds on 
Mars, Producing Halo Displays Seen by Perseverance Rover’, Geophysical Research Letters, 49(17).

Lerin-Morales, K. M., Olguín, L. F., Mateo-Martí, E. and Colín-García, M. (2022) ‘Prebiotic Chemistry Experiments Using Microfluidic Devices’, Life, 
12(10).

Leseigneur, G., Bredehöft, J. H., Gautier, T., Giri, C., Krüger, H., MacDermott, A. J., Meierhenrich, U. J., Caro, G. M. M., Raulin, F., Steele, A., 
Steininger, H., Szopa, C., Thiemann, W., Ulamec, S. and Goesmann, F. (2022a) ‘ESA’s Cometary Mission Rosetta—Re-Characterization of the 
COSAC Mass Spectrometry Results’, Angewandte Chemie - International Edition, 61(29).

Leseigneur, G., Bredehöft, J. H., Gautier, T., Giri, C., Krüger, H., MacDermott, A. J., Meierhenrich, U. J., Muñoz Caro, G. M., Raulin, F., Steele, A., 
Szopa, C., Thiemann, W., Ulamec, S. and Goesmann, F. (2022b) ‘COSAC’s Only Gas Chromatogram Taken on Comet 67P/Churyumov-Gerasi-
menko’, ChemPlusChem, 87(6).

Lestrade, J. F., Desert, F. X., Lagache, G., Adam, R., Ade, P., Ajeddig, H., Andre, P., Artis, E., Aussel, H., Beelen, A., Benoit, A., Berta, S., Bether-
min, M., Bing, L., Bourrion, O., Calvo, M., Catalano, A., Coulais, A., De Petris, M., Doyle, S., Driessen, E. F. C., Gomez, A., Goupy, J., Keruzore, F., 
Kramer, C., Ladjelate, B., Leclercq, S., Macias-Perez, J. F., Maury, A., Mauskopf, P., Mayet, F., Monfardini, A., Munoz-Echeverria, M., Perotto, L., 
Pisano, G., Ponthieu, N., Reveret, V., Rigby, A. J., Ritacco, A., Romero, C., Roussel, H., Ruppin, F., Schuster, K., Shu, S., Sievers, A., Tucker, C. 
and Zylka, R. (2022) ‘Candidate cosmic filament in the GJ526 field, mapped with the NIKA2 camera’, Astronomy and Astrophysics, 667.



Annual Report 2022

155
(Articles and Reviews)

Publications

Lezcano, M. Á., Sánchez-García, L., Quesada, A., Carrizo, D., Fernández-Martínez, M. Á., Cavalcante-Silva, E. and Parro, V. (2022) ‘Compre-
hensive Metabolic and Taxonomic Reconstruction of an Ancient Microbial Mat From the McMurdo Ice Shelf (Antarctica) by Integrating Genetic, 
Metaproteomic and Lipid Biomarker Analyses’, Frontiers in Microbiology, 13.

Li, S., Sanhueza, P., Lee, C. W., Zhang, Q., Beuther, H., Palau, A., Liu, H. L., Smith, H. A., Liu, H. B., Jiménez-Serra, I., Kim, K. T., Feng, S., Liu, 
T., Wang, J., Li, D., Qiu, K., Lu, X., Girart, J. M., Wang, K., Li, F., Li, J., Cao, Y., Kim, S. and Strom, S. (2022) ‘ALMA Observations of NGC 6334S. 
II. Subsonic and Transonic Narrow Filaments in a High-mass Star Formation Cloud’, Astrophysical Journal, 926(2).

Lillo-Box, J., Santos, N. C., Santerne, A., Silva, A. M., Barrado, D., Faria, J., Castro-González, A., Balsalobre-Ruza, O., Morales-Calderón, M., 
Saavedra, A., Marfil, E., Sousa, S. G., Adibekyan, V., Berihuete, A., Barros, S. C. C., Delgado-Mena, E., Huélamo, N., Deleuil, M., Demangeon, 
O. D. S., Figueira, P., Grouffal, S., Aceituno, J., Azzaro, M., Bergond, G., Fernández-Martín, A., Galadí, D., Gallego, E., Gardini, A., Góngora, S., 
Guijarro, A., Hermelo, I., Martín, P., Mínguez, P., Montoya, L. M., Pedraz, S. and Vico Linares, J. I. (2022) ‘The KOBE experiment: K-dwarfs Orbited 
by habitable Exoplanets: Project goals, target selection, and stellar characterization’, Astronomy and Astrophysics, 667.

Liu, Y., Tice, M. M., Schmidt, M. E., Treiman, A. H., Kizovski, T. V., Hurowitz, J. A., Allwood, A. C., Henneke, J., Pedersen, D. A. K., VanBommel, 
S. J., Jones, M. W. M., Knight, A. L., Orenstein, B. J., Clark, B. C., Elam, W. T., Heirwegh, C. M., Barber, T., Beegle, L. W., Benzerara, K., Bernard, 
S., Beyssac, O., Bosak, T., Brown, A. J., Cardarelli, E. L., Catling, D. C., Christian, J. R., Cloutis, E. A., Cohen, B. A., Davidoff, S., Fairén, A. G., 
Farley, K. A., Flannery, D. T., Galvin, A., Grotzinger, J. P., Gupta, S., Hall, J., Herd, C. D. K., Hickman-Lewis, K., Hodyss, R. P., Horgan, B. H. N., 
Johnson, J. R., Jørgensen, J. L., Kah, L. C., Maki, J. N., Mandon, L., Mangold, N., McCubbin, F. M., McLennan, S. M., Moore, K., Nachon, M., 
Nemere, P., Nothdurft, L. D., Núñez, J. I., O’Neil, L., Quantin-Nataf, C. M., Sautter, V., Shuster, D. L., Siebach, K. L., Simon, J. I., Sinclair, K. P., 
Stack, K. M., Steele, A., Tarnas, J. D., Tosca, N. J., Uckert, K., Udry, A., Wade, L. A., Weiss, B. P., Wiens, R. C., Williford, K. H. and Zorzano, M. 
P. (2022) ‘An olivine cumulate outcrop on the floor of Jezero crater, Mars’, Science, 377(6614), pp. 1513-1519.

Lodieu, N., Zapatero Osorio, M. R., Martín, E. L., Rebolo López, R. and Gauza, B. (2022) ‘Physical properties and trigonometric distance of the 
peculiar dwarf WISE J181005.5-101002.3’, Astronomy and Astrophysics, 663.

Lopez-Reyes, G., Veneranda, M., Manrique, J. A., González Martín, Á., Moral, A., Perez-Canora, C., Rodríguez Prieto, J. A., Sanz Arranz, A., Saiz 
Cano, J., Lalla, E., Konstantinidis, M., Prieto-Ballesteros, O., Medina, J., González, M. Á., Charro, E., Lopez, J. M. and Rull, F. (2022) ‘The Raman 
laser spectrometer ExoMars simulator (RLS Sim): A heavy-duty Raman tool for ground testing on ExoMars’, Journal of Raman Spectroscopy, 
53(3), pp. 382-395.

Lorenzo, M., Garcia, M., Najarro, F., Herrero, A., Cerviño, M. and Castro, N. (2022) ‘A new reference catalogue for the very metal-poor Universe: 
+150 OB stars in Sextans A’, Monthly Notices of the Royal Astronomical Society, 516(3), pp. 4164-4179.

Luque, R., Fulton, B. J., Kunimoto, M., Amado, P. J., Gorrini, P., Dreizler, S., Hellier, C., Henry, G. W., Molaverdikhani, K., Morello, G., Peña-Moñi-
no, L., Pérez-Torres, M., Pozuelos, F. J., Shan, Y., Anglada-Escudé, G., Béjar, V. J. S., Bergond, G., Boyle, A. W., Caballero, J. A., Charbonneau, 
D., Ciardi, D. R., Dufoer, S., Espinoza, N., Everett, M., Fischer, D., Hatzes, A. P., Henning, T., Hesse, K., Howard, A. W., Howell, S. B., Isaacson, 
H., Jeffers, S. V., Jenkins, J. M., Kane, S. R., Kemmer, J., Khalafinejad, S., Kidwell, R. C., Jr., Kossakowski, D., Latham, D. W., Lillo-Box, J., 
Lissauer, J. J., Montes, D., Orell-Miquel, J., Pallé, E., Pollacco, D., Quirrenbach, A., Reffert, S., Reiners, A., Ribas, I., Ricker, G. R., Rogers, L. A., 
Sanz-Forcada, J., Schlecker, M., Schweitzer, A., Seager, S., Shporer, A., Stassun, K. G., Stock, S., Tal-Or, L., Ting, E. B., Trifonov, T., Vanaver-
beke, S., Vanderspek, R., Villaseñor, J., Winn, J. N., Winters, J. G. and Zapatero Osorio, M. R. (2022a) ‘The HD 260655 system: Two rocky worlds 
transiting a bright M dwarf at 10 pc’, Astronomy and Astrophysics, 664.

Luque, R., Nowak, G., Hirano, T., Kossakowski, D., Pallé, E., Nixon, M. C., Morello, G., Amado, P. J., Albrecht, S. H., Caballero, J. A., Cifuentes, C., 
Cochran, W. D., Deeg, H. J., Dreizler, S., Esparza-Borges, E., Fukui, A., Gandolfi, D., Goffo, E., Guenther, E. W., Hatzes, A. P., Henning, T., Kabath, 
P., Kawauchi, K., Korth, J., Kotani, T., Kudo, T., Kuzuhara, M., Lafarga, M., Lam, K. W. F., Livingston, J., Morales, J. C., Muresan, A., Murgas, 
F., Narita, N., Osborne, H. L. M., Parviainen, H., Passegger, V. M., Persson, C. M., Quirrenbach, A., Redfield, S., Reffert, S., Reiners, A., Ribas, I., 
Serrano, L. M., Tamura, M., Van Eylen, V., Watanabe, N. and Osorio, M. R. Z. (2022b) ‘Precise mass determination for the keystone sub-Neptune 
planet transiting the mid-type M dwarf G 9-40’, Astronomy and Astrophysics, 666.

López-Sanjuan, C., Tremblay, P. E., Ederoclite, A., Vázquez Ramió, H., Carrasco, J. M., Varela, J., Cenarro, A. J., Marín-Franch, A., Civera, T., 
Daflon, S., Gänsicke, B. T., Gentile Fusillo, N. P., Jiménez-Esteban, F. M., Alcaniz, J., Angulo, R. E., Cristóbal-Hornillos, D., Dupke, R. A., Hernán-
dez-Monteagudo, C., Moles, M. and Sodré, L. (2022a) ‘J-PLUS: Spectral evolution of white dwarfs by PDF analysis’, Astronomy and Astrophysics, 
658.

López-Sanjuan, C., Tremblay, P. E., Ederoclite, A., Vázquez Ramió, H., Cenarro, A. J., Marín-Franch, A., Varela, J., Akras, S., Guerrero, M. A., 
Jiménez-Esteban, F. M., Lopes De Oliveira, R., Chies-Santos, A. L., Fernández-Ontiveros, J. A., Abramo, R., Alcaniz, J., Benítez, N., Bonoli, S., 



Annual Report 2022

156
Publications

Publicaciones

Carneiro, S., Cristóbal-Hornillos, D., Dupke, R. A., Mendes De Oliveira, C., Moles, M., Sodré, L. and Taylor, K. (2022b) ‘The miniJPAS survey: White 
dwarf science with 56 optical filters’, Astronomy and Astrophysics, 665.

Maiz Apellaniz, J. (2022) ‘An estimation of the Gaia EDR3 parallax bias from stellar clusters and Magellanic Clouds data’, Astronomy and Astro-
physics, 657.

Maiz Apellaniz, J., Barba, R. H., Fernandez Aranda, R., Pantaleoni Gonzalez, M., Crespo Bellido, P., Sota, A. and Alfaro, E. J. (2022) ‘The Villafranca 
catalog of Galactic OB groups: II. from Gaia DR2 to EDR3 and ten new systems with O stars’, Astronomy and Astrophysics, 657.

Maldonado, R. F., Villaver, E., Mustill, A. J. and Chávez, M. (2022) ‘Disentangling the parameter space: The role of planet multiplicity in triggering 
dynamical instabilities on planetary systems around white dwarfs’, Monthly Notices of the Royal Astronomical Society, 512(1), pp. 104-115.

Marcos-Arenal, P., Cerdán, L., Burillo-Villalobos, M., Fonseca-Bonilla, N., de la Concepción, J. G., López-Cayuela, M. Á., Gómez, F. and Caballero, 
J. A. (2022) ‘ExoPhot: The Photon Absorption Rate as a New Metric for Quantifying the Exoplanetary Photosynthetic Activity Fitness’, Universe, 
8(12).

Marques-Chaves, R., Schaerer, D., Álvarez-Márquez, J., Verhamme, A., Ceverino, D., Chisholm, J., Colina, L., Dessauges-Zavadsky, M., Pérez-
Fournon, I., Saldana-Lopez, A., Upadhyaya, A. and Vanzella, E. (2022) ‘An extreme blue nugget, UV-bright starburst at z = 3.613 with 90 per cent 
of Lyman continuum photon escape’, Monthly Notices of the Royal Astronomical Society, 517(2), pp. 2972-2989.

Marsan, Z. C., Muzzin, A., Marchesini, D., Stefanon, M., Martis, N., Annunziatella, M., Chan, J. C. C., Cooper, M. C., Forrest, B., Gomez, P., 
McConachie, I. and Wilson, G. (2022) ‘The Number Densities and Stellar Populations of Massive Galaxies at 3 < z < 6: A Diverse, Rapidly Forming 
Population in the Early Universe’, Astrophysical Journal, 924(1).

Martins, C. J. A. P., Cristiani, S., Cupani, G., D’Odorico, V., Santos, R. G., Leite, A. C. O., Marques, C. M. J., Milakoviσ, D., Molaro, P., Murphy, M. 
T., Nunes, N. J., Schmidt, T. M., Adibekyan, V., Alibert, Y., Di Marcantonio, P., Hernández, J. I. G., Mégevand, D., Palle, E., Pepe, F. A., Santos, 
N. C., Sousa, S. G., Sozzetti, A., Mascareño, A. S. and Osorio, M. R. Z. (2022) ‘Fundamental physics with ESPRESSO: Constraints on Bekenstein 
and dark energy models from astrophysical and local probes’, Physical Review D, 105(12).

Martínez-Periñán, E., Martínez-Sobrino, Á., Bravo, I., García-Mendiola, T., Mateo-Martí, E., Pariente, F. and Lorenzo, E. (2022) ‘Neutral Red-carbon 
nanodots for selective fluorescent DNA sensing’, Analytical and Bioanalytical Chemistry, 414(18), pp. 5537-5548.

Mas-Buitrago, P., Solano, E., González-Marcos, A., Rodrigo, C., Martín, E. L., Caballero, J. A., Jiménez-Esteban, F., Cruz, P., Ederoclite, A., 
Ordieres-Meré, J., Bello-García, A., Dupke, R. A., Cenarro, A. J., Cristóbal-Hornillos, D., Hernández-Monteagudo, C., López-Sanjuan, C., Marín-
Franch, A., Moles, M., Varela, J., Ramió, H. V., Alcaniz, J., Sodré, L., Jr. and Angulo, R. E. (2022) ‘J-PLUS: Discovery and characterisation of 
ultracool dwarfs using Virtual Observatory tools II. Second data release and machine learning methodology’, Astronomy and Astrophysics, 666(1).

Mateos, G., Bonilla, A. M., de Francisco de Polanco, S., Martínez, J. M., Escudero, C., Rodríguez, N., Sánchez-Andrea, I. and Amils, R. (2022) ‘Sh-
ewanella sp. T2.3D-1.1 a Novel Microorganism Sustaining the Iron Cycle in the Deep Subsurface of the Iberian Pyrite Belt’, Microorganisms, 10(8).

Maurice, S. and Chide, B. and Murdoch, N. and Lorenz, R. D. and Mimoun, D. and Wiens, R. C. and Stott, A. and Jacob, X. and Bertrand, T. and 
Montmessin, F. and Lanza, N. L. and Alvarez-Llamas, C. and Angel, S. M. and Aung, M. and Balaram, J. and Beyssac, O. and Cousin, A. and 
Delory, G. and Forni, O. and Fouchet, T. and Gasnault, O. and Grip, H. and Hecht, M. and Hoffman, J. and Laserna, J. and Lasue, J. and Maki, J. 
and McClean, J. and Meslin, P. Y. and Le Mouélic, S. and Munguira, A. and Newman, C. E. and Rodríguez Manfredi, J. A. and Moros, J. and Ollila, 
A. and Pilleri, P. and Schröder, S. and de la Torre Juárez, M. and Tzanetos, T. and Stack, K. M. and Farley, K. and Williford, K. and Acosta-Maeda, 
T. and Anderson, R. B. and Applin, D. M. and Arana, G. and Bassas-Portus, M. and Beal, R. and Beck, P. and Benzerara, K. and Bernard, S. and 
Bernardi, P. and Bosak, T. and Bousquet, B. and Brown, A. and Cadu, A. and Caïs, P. and Castro, K. and Clavé, E. and Clegg, S. M. and Cloutis, 
E. and Connell, S. and Debus, A. and Dehouck, E. and Delapp, D. and Donny, C. and Dorresoundiram, A. and Dromart, G. and Dubois, B. and 
Fabre, C. and Fau, A. and Fischer, W. and Francis, R. and Frydenvang, J. and Gabriel, T. and Gibbons, E. and Gontijo, I. and Johnson, J. R. and 
Kalucha, H. and Kelly, E. and Knutsen, E. W. and Lacombe, G. and Legett, C. I. and Leveille, R. and Lewin, E. and Lopez-Reyes, G. and Lorigny, 
E. and Madariaga, J. M. and Madsen, M. and Madsen, S. and Mandon, L. and Mangold, N. and Mann, M. and Manrique, J. A. and Martinez-Frias, 
J. and Mayhew, L. E. and McConnochie, T. and McLennan, S. M. and Melikechi, N. and Meunier, F. and Montagnac, G. and Mousset, V. and 
Nelson, T. and Newell, R. T. and Parot, Y. and Pilorget, C. and Pinet, P. and Pont, G. and Poulet, F. and Quantin-Nataf, C. and Quertier, B. and 
Rapin, W. and Reyes-Newell, A. and Robinson, S. and Rochas, L. and Royer, C. and Rull, F. and Sautter, V. and Sharma, S. and Shridar, V. and 
Sournac, A. and Toplis, M. and Torre-Fdez, I. and Turenne, N. and Udry, A. and Veneranda, M. and Venhaus, D. and Vogt, D. and Willis, P. and 
the SuperCam, t. (2022) ‘In situ recording of Mars soundscape’, Nature, 605(7911), pp. 653-658.

Maxted, P. F. L., Ehrenreich, D., Wilson, T. G., Alibert, Y., Collier Cameron, A., Hoyer, S., Sousa, S. G., Olofsson, G., Bekkelien, A., Deline, A., 
Delrez, L., Bonfanti, A., Borsato, L., Alonso, R., Anglada Escude, G., Barrado, D., Barros, S. C. C., Baumjohann, W., Beck, M., Beck, T., Benz, W., 



Annual Report 2022

157
(Articles and Reviews)

Publications

Billot, N., Biondi, F., Bonfils, X., Brandeker, A., Broeg, C., Bárczy, T., Cabrera, J., Charnoz, S., Corral Van Damme, C., Csizmadia, S., Davies, M. 
B., Deleuil, M., Demangeon, O. D. S., Demory, B. O., Erikson, A., Floren, H. G., Fortier, A., Fossati, L., Fridlund, M., Futyan, D., Gandolfi, D., Gillon, 
M., Guedel, M., Guterman, P., Heng, K., Isaak, K. G., Kiss, L., Laskar, J., Lecavelier Des Etangs, A., Lendl, M., Lovis, C., Magrin, D., Nascimbeni, 
V., Ottensamer, R., Pagano, I., Palle, E., Peter, G., Piotto, G., Pollacco, D., Pozuelos, F. J., Queloz, D., Ragazzoni, R., Rando, N., Rauer, H., Re-
imers, C., Ribas, I., Salmon, S., Santos, N. C., Scandariato, G., Simon, A. E., Smith, A. M. S., Steller, M., Swayne, M. I., Gy Szabó, M., Segransan, 
D., Thomas, N., Udry, S., Van Grootel, V. and Walton, N. A. (2022a) ‘Analysis of Early Science observations with the CHaracterising ExOPlanets 
Satellite (CHEOPS) using pycheops’, Monthly Notices of the Royal Astronomical Society, 514(1), pp. 77-104.

Maxted, P. F. L., Miller, N. J., Hoyer, S., Adibekyan, V., Sousa, S. G., Billot, N., Fortier, A., Simon, A. E., Collier Cameron, A., Swayne, M. I., 
Gutermann, P., Triaud, A. H. M. J., Southworth, J., Alibert, Y., Alonso, R., Anglada, G., Bárczy, T., Barrado Navascues, D., Barros, S. C. C., 
Baumjohann, W., Beck, M., Beck, T., Benz, W., Bonfils, X., Brandeker, A., Broeg, C., Buder, M., Cabrera, J., Charnoz, S., Corral Van Damme, 
C., Csizmadia, S., Davies, M. B., Deleuil, M., Delrez, L., Demangeon, O., Demory, B. O., Ehrenreich, D., Erikson, A., Fossati, L., Fridlund, M., Gan-
dolfi, D., Gillon, M., Güdel, M., Heng, K., Hernández Leon, J. E., Isaak, K. G., Kiss, L. L., Laskar, J., Lecavelier Des Etangs, A., Lendl, M., Lovis, 
C., Magrin, D. D., Munari, M., Nascimbeni, V., Olofsson, G., Ottensamer, R., Pagano, I., Palle, E., Peter, G., Piotto, G., Pollacco, D., Queloz, D., 
Ragazzoni, R., Rando, N., Rauer, H., Ribas, I., Santos, N. C., Scandariato, G., Segransan, D., Smith, A. M. S., Steinberger, M., Steller, M., Szabó, 
G. M., Thomas, N., Udry, S., Van Grootel, V. and Walton, N. (2022b) ‘Fundamental effective temperature measurements for eclipsing binary stars-
III. SPIRou near-infrared spectroscopy and CHEOPS photometry of the benchmark G0V star EBLM J0113+31’, Monthly Notices of the Royal 
Astronomical Society, 513(4), pp. 6042-6057.

Maíz Apellániz, J., Pantaleoni González, M., Barbá, R. H. and Weiler, M. (2022) ‘Escape from the Bermuda cluster: Orphanization by multiple stellar 
ejections’, Astronomy and Astrophysics, 657.

McConachie, I., Wilson, G., Forrest, B., Marsan, Z. C., Muzzin, A., Cooper, M. C., Annunziatella, M., Marchesini, D., Chan, J. C. C., Gomez, P., 
Abdullah, M. H., Saracco, P. and Nantais, J. (2022) ‘Spectroscopic Confirmation of a Protocluster at z = 3.37 with a High Fraction of Quiescent 
Galaxies’, Astrophysical Journal, 926(1).

Megevand, V., Carrizo, D., Lezcano, M. A., Moreno-Paz, M., Cabrol, N. A., Parro, V. and Sánchez-García, L. (2022) ‘Lipid Profiles From Fresh 
Biofilms Along a Temperature Gradient on a Hydrothermal Stream at El Tatio (Chilean Andes), as a Proxy for the Interpretation of Past and Present 
Biomarkers Beyond Earth’, Frontiers in Microbiology, 13.

Mejías, A., Minniti, D., Alonso-García, J., Beamín, J. C., Saito, R. K. and Solano, E. (2022) ‘VVVX Near-IR Photometry for 99 Low-mass Stars in the 
Gaia EDR3 Catalog of Nearby Stars’, Astronomy and Astrophysics, 660.

Melli, A., Melosso, M., Lengsfeld, K. G., Bizzocchi, L., Rivilla, V. M., Dore, L., Barone, V., Grabow, J. U. and Puzzarini, C. (2022) ‘Spectroscopic 
Characterization of 3-Aminoisoxazole, a Prebiotic Precursor of Ribonucleotides’, Molecules, 27(10).

Melosso, M., Bizzocchi, L., Gazzeh, H., Tonolo, F., Guillemin, J. C., Alessandrini, S., Rivilla, V. M., Dore, L., Barone, V. and Puzzarini, C. (2022) ‘Gas-
phase identification of (Z)-1,2-ethenediol, a key prebiotic intermediate in the formose reaction’, Chemical Communications, 58(16), pp. 2750-2753.

Mendigutía, I., Solano, E., Vioque, M., Balaguer-Nuñez, L., Ribas, A., Huélamo, N. and Rodrigo, C. (2022) ‘Gaia EDR3 comparative study of pro-
toplanetary disk fractions in young stellar clusters’, Astronomy and Astrophysics, 664.

Meyer, M. A., Kminek, G., Beaty, D. W., Carrier, B. L., Haltigin, T., Hays, L. E., Agree, C. B., Busemann, H., Cavalazzi, B., Cockell, C. S., Debaille, 
V., Glavin, D. P., Grady, M. M., Hauber, E., Hutzler, A., Marty, B., McCubbin, F. M., Pratt, L. M., Regberg, A. B., Smith, A. L., Smith, C. L., Sum-
mons, R. E., Swindle, T. D., Tait, K. T., Tosca, N. J., Udry, A., Usui, T., Velbel, M. A., Wadhwa, M., Westall, F. and Zorzano, M. P. (2022) ‘Final 
Report of the Mars Sample Return Science Planning Group 2 (MSPG2)’, Astrobiology, 22(S1), pp. S5-S26.

Miranda, L. F., Torrelles, J. M. and Lillo-Box, J. (2022) ‘An episodically variable stellar wind in the planetary nebula IC 4997’, Astronomy and As-
trophysics, 657.

Miret-Roig, N., Bouy, H., Raymond, S. N., Tamura, M., Bertin, E., Barrado, D., Olivares, J., Galli, P. A. B., Cuillandre, J. C., Sarro, L. M., Berihuete, 
A. and Huélamo, N. (2022a) ‘A rich population of free-floating planets in the Upper Scorpius young stellar association’, Nature Astronomy, 6(1), 
pp. 89-97.

Miret-Roig, N., Galli, P. A. B., Olivares, J., Bouy, H., Alves, J. and Barrado, D. (2022b) ‘The star formation history of Upper Scorpius and Ophiuchus: 
A 7D picture: Positions, kinematics, and dynamical traceback ages’, Astronomy and Astrophysics, 667.



Annual Report 2022

158
Publications

Publicaciones

Mischna, M. A., Villar, G., Kass, D. M., Dutta, S., Rafkin, S., Tyler, D., Barnes, J., Cantor, B., Lewis, S. R., Hinson, D., Pla-García, J., Kleinböhl, A. 
and Karlgaard, C. (2022) ‘Pre- And Post-entry, Descent and Landing Assessment of the Martian Atmosphere for the Mars 2020 Rover’, Planetary 
Science Journal, 3(6).

Molpeceres, G., Jiménez-Serra, I., Oba, Y., Nguyen, T., Watanabe, N., De La Concepción, J. G., Maté, B., Oliveira, R. and Kästner, J. (2022) 
‘Hydrogen abstraction reactions in formic and thioformic acid isomers by hydrogen and deuterium atoms’, Astronomy and Astrophysics, 663.

Molpeceres, G. and Rivilla, V. M. (2022) ‘Radical addition and H abstraction reactions in C2H2, C2H4, and C2H6: A gateway for ethyl- and vi-
nyl-bearing molecules in the interstellar medium’, Astronomy and Astrophysics, 665.

Morales, J. C., Ribas, I., Giménez, Á. and Baroch, D. (2022) ‘Fundamental Properties of Late-Type Stars in Eclipsing Binaries’, Galaxies, 10(5).

Morgado, B. E., Bruno, G., Gomes-Júnior, A. R., Pagano, I., Sicardy, B., Fortier, A., Desmars, J., Maxted, P. F. L., Braga-Ribas, F., Queloz, D., 
Sousa, S. G., Ortiz, J. L., Brandeker, A., Cameron, A. C., Pereira, C. L., Florén, H. G., Hara, N., Souami, D., Isaak, K. G., Olofsson, G., San-
tos-Sanz, P., Wilson, T. G., Broughton, J., Alibert, Y., Alonso, R., Anglada, G., Bárczy, T., Barrado, D., Barros, S. C. C., Baumjohann, W., Beck, 
M., Beck, T., Benz, W., Billot, N., Bonfils, X., Broeg, C., Cabrera, J., Charnoz, S., Csizmadia, S., Davies, M. B., Deleuil, M., Delrez, L., Demangeon, 
O. D. S., Demory, B. O., Ehrenreich, D., Erikson, A., Fossati, L., Fridlund, M., Gandolfi, D., Gillon, M., Güdel, M., Heng, K., Hoyer, S., Kiss, L. L., 
Laskar, J., Des Etangs, A. L., Lendl, M., Lovis, C., Magrin, D., Marafatto, L., Nascimbeni, V., Ottensamer, R., Pallé, E., Peter, G., Piazza, D., Piotto, 
G., Pollacco, D., Ragazzoni, R., Rando, N., Ratti, F., Rauer, H., Reimers, C., Ribas, I., Santos, N. C., Scandariato, G., Ségransan, D., Simon, A. E., 
Smith, A. M. S., Steller, M., Szabó, G. M., Thomas, N., Udry, S., Van Grootel, V., Walton, N. A. and Westerdorff, K. (2022) ‘A stellar occultation by 
the transneptunian object (50000) Quaoar observed by CHEOPS’, Astronomy and Astrophysics, 664.

Munoz-Iglesias, V. and Prieto-Ballesteros, O. (2022) ‘Low-Temperature High-Pressure Chemistry of Ammonia and Methanol Aqueous Solutions in 
the Presence of Different Carbon Sources: Application to Icy Bodies’, ACS Earth and Space Chemistry, 6(6), pp. 1482-1494.

Murdoch, N., Stott, A. E., Gillier, M., Hueso, R., Lemmon, M., Martinez, G., Apéstigue, V., Toledo, D., Lorenz, R. D., Chide, B., Munguira, A., 
Sánchez-Lavega, A., Vicente-Retortillo, A., Newman, C. E., Maurice, S., de la Torre Juárez, M., Bertrand, T., Banfield, D., Navarro, S., Marin, M., 
Torres, J., Gomez-Elvira, J., Jacob, X., Cadu, A., Sournac, A., Rodriguez-Manfredi, J. A., Wiens, R. C. and Mimoun, D. (2022) ‘The sound of a 
Martian dust devil’, Nature Communications, 13(1).

Murphy, M. T., Molaro, P., Leite, A. C. O., Cupani, G., Cristiani, S., D’Odorico, V., Génova Santos, R., Martins, C. J. A. P., Milakoviσ, D., Nunes, N. 
J., Schmidt, T. M., Pepe, F. A., Rebolo, R., Santos, N. C., Sousa, S. G., Zapatero Osorio, M. R., Amate, M., Adibekyan, V., Alibert, Y., Prieto, C. 
A., Baldini, V., Benz, W., Bouchy, F., Cabral, A., Dekker, H., Di Marcantonio, P., Ehrenreich, D., Figueira, P., González Hernández, J. I., Landoni, 
M., Lovis, C., Curto, G. L., Manescau, A., Mégevand, D., Mehner, A., Micela, G., Pasquini, L., Poretti, E., Riva, M., Sozzetti, A., Mascareño, A. S., 
Udry, S. and Zerbi, F. (2022) ‘Fundamental physics with ESPRESSO: Precise limit on variations in the fine-structure constant towards the bright 
quasar HE 0515-4414’, Astronomy and Astrophysics, 658.

Muñoz-Iglesias, V., Sánchez-García, L., Carrizo, D., Molina, A., Fernández-Sampedro, M. and Prieto-Ballesteros, O. (2022) ‘Raman spectroscopic 
peculiarities of Icelandic poorly crystalline minerals and their implications for Mars exploration’, Scientific Reports, 12(1).

Naponiello, L., Mancini, L., Damasso, M., Bonomo, A. S., Sozzetti, A., Nardiello, D., Biazzo, K., Stognone, R. G., Lillo-Box, J., Lanza, A. F., Poretti, 
E., Lissauer, J. J., Zeng, L., Bieryla, A., Hebrard, G., Basilicata, M., Benatti, S., Bignamini, A., Borsa, F., Claudi, R., Cosentino, R., Covino, E., De 
Gurtubai, A., Delfosse, X., Desidera, S., Dragomir, D., Eastman, J. D., Essack, Z., Fiorenzano, A. F. M., Giacobbe, P., Harutyunyan, A., Heidari, N., 
Hellier, C., Jenkins, J. M., Knapic, C., Konig, P. C., Latham, D. W., Magazzu, A., Maggio, A., Maldonado, J., Micela, G., Molinari, E., Molinaro, M., 
Morgan, E. H., Moutou, C., Nascimbeni, V., Pace, E., Pagano, I., Pedani, M., Piotto, G., Pinamonti, M., Quintana, E. V., Rainer, M., Ricker, G. R., 
Seager, S., Twicken, J. D., Vanderspek, R. and Winn, J. N. (2022) ‘The GAPS programme at TNG: XL. A puffy and warm Neptune-sized planet 
and an outer Neptune-mass candidate orbiting the solar-Type star TOI-1422’, Astronomy and Astrophysics, 667.

Nascimbeni, V., Piotto, G., Börner, A., Montalto, M., Marrese, P. M., Cabrera, J., Marinoni, S., Aerts, C., Altavilla, G., Benatti, S., Claudi, R., Deleuil, 
M., Desidera, S., Fabrizio, M., Gizon, L., Goupil, M. J., Granata, V., Heras, A. M., Magrin, D., Malavolta, L., Mas-Hesse, J. M., Ortolani, S., Pagano, 
I., Pollacco, D., Prisinzano, L., Ragazzoni, R., Ramsay, G., Rauer, H. and Udry, S. (2022) ‘The PLATO field selection process: I. Identification and 
content of the long-pointing fields’, Astronomy and Astrophysics, 658.

Negueruela, I., Alfaro, E. J., Dorda, R., Marco, A., Apellániz, J. M. and González-Fernández, C. (2022) ‘Westerlund 1 under the light of Gaia EDR3: 
Distance, isolation, extent, and a hidden population’, Astronomy and Astrophysics, 664.

Newman, C. E., Hueso, R., Lemmon, M. T., Munguira, A., Vicente-Retortillo, Á., Apestigue, V., Martínez, G. M., Toledo, D., Sullivan, R., Herkenhoff, 
K. E., de la Torre Juárez, M., Richardson, M. I., Stott, A. E., Murdoch, N., Sanchez-Lavega, A., Wolff, M. J., Arruego, I., Sebastián, E., Navarro, 
S., Gómez-Elvira, J., Tamppari, L., Viúdez-Moreiras, D., Harri, A. M., Genzer, M., Hieta, M., Lorenz, R. D., Conrad, P., Gómez, F., McConnochie, 



Annual Report 2022

159
(Articles and Reviews)

Publications

T. H., Mimoun, D., Tate, C., Bertrand, T., Bell, J. F., III, Maki, J. N., Rodriguez-Manfredi, J. A., Wiens, R. C., Chide, B., Maurice, S., Zorzano, M. 
P., Mora, L., Baker, M. M., Banfield, D., Pla-Garcia, J., Beyssac, O., Brown, A., Clark, B., Lepinette, A., Montmessin, F., Fischer, E., Patel, P., del 
Río-Gaztelurrutia, T., Fouchet, T., Francis, R. and Guzewich, S. D. (2022) ‘The dynamic atmospheric and aeolian environment of Jezero crater, 
Mars’, Science Advances, 8(21).

Oh, K., Koss, M. J., Ueda, Y., Stern, D., Ricci, C., Trakhtenbrot, B., Powell, M. C., Den Brok, J. S., Lamperti, I., Mushotzky, R., Ricci, F., Bär, R. 
E., Rojas, A. F., Ichikawa, K., Riffel, R., Treister, E., Harrison, F., Urry, C. M., Bauer, F. E. and Schawinski, K. (2022) ‘BASS. XXIV. the BASS DR2 
Spectroscopic Line Measurements and AGN Demographics’, Astrophysical Journal, Supplement Series, 261(1).

Ohashi, S., Codella, C., Sakai, N., Chandler, C. J., Ceccarelli, C., Alves, F., Fedele, D., Hanawa, T., Durán, A., Favre, C., López-Sepulcre, A., 
Loinard, L., Mercimek, S., Murillo, N. M., Podio, L., Zhang, Y., Aikawa, Y., Balucani, N., Bianchi, E., Bouvier, M., Busquet, G., Caselli, P., Caux, 
E., Charnley, S., Choudhury, S., Cuello, N., De Simone, M., Dulieu, F., Evans, L., Feng, S., Fontani, F., Francis, L., Hama, T., Herbst, E., Hirano, 
S., Hirota, T., Imai, M., Isella, A., Jímenez-Serra, I., Johnstone, D., Kahane, C., Le Gal, R., Lefloch, B., Maud, L. T., Maureira, M. J., Menard, F., 
Miotello, A., Moellenbrock, G., Mori, S., Nakatani, R., Nomura, H., Oba, Y., O’Donoghue, R., Okoda, Y., Ospina-Zamudio, J., Oya, Y., Pineda, J., 
Rimola, A., Sakai, T., Segura-Cox, D., Shirley, Y., Svoboda, B., Taquet, V., Testi, L., Vastel, C., Viti, S., Watanabe, N., Watanabe, Y., Witzel, A., 
Xue, C., Zhao, B. and Yamamoto, S. (2022) ‘Misaligned Rotations of the Envelope, Outflow, and Disks in the Multiple Protostellar System of VLA 
1623-2417: FAUST. III’, Astrophysical Journal, 927(1).

Orell-Miquel, J., Murgas, F., Pallé, E., Lampón, M., López-Puertas, M., Sanz-Forcada, J., Nagel, E., Kaminski, A., Casasayas-Barris, N., Nortmann, 
L., Luque, R., Molaverdikhani, K., Sedaghati, E., Caballero, J. A., Amado, P. J., Bergond, G., Czesla, S., Hatzes, A. P., Henning, T., Khalafinejad, 
S., Montes, D., Morello, G., Quirrenbach, A., Reiners, A., Ribas, I., Sánchez-López, A., Schweitzer, A., Stangret, M., Yan, F. and Zapatero Osorio, 
M. R. (2022) ‘A tentative detection of He i in the atmosphere of GJ 1214 b’, Astronomy and Astrophysics, 659.

Ormö, J., Raducan, S. D., Jutzi, M., Herreros, M. I., Luther, R., Collins, G. S., Wünnemann, K., Mora-Rueda, M. and Hamann, C. (2022) ‘Boulder 
exhumation and segregation by impacts on rubble-pile asteroids’, Earth and Planetary Science Letters, 594.

Osborn, H. P., Bonfanti, A., Gandolfi, D., Hedges, C., Leleu, A., Fortier, A., Futyan, D., Gutermann, P., Maxted, P. F. L., Borsato, L., Collins, K. A., 
Da Silva, J. G., Chew, Y. G. M., Hooton, M. J., Lendl, M., Parviainen, H., Salmon, S., Schanche, N., Serrano, L. M., Sousa, S. G., Tuson, A., Ulm-
er-Moll, S., Van Grootel, V., Wells, R. D., Wilson, T. G., Alibert, Y., Alonso, R., Anglada, G., Asquier, J., Barrado Y Navascues, D., Baumjohann, W., 
Beck, T., Benz, W., Biondi, F., Bonfils, X., Bouchy, F., Brandeker, A., Broeg, C., Barczy, T., Barros, S. C. C., Cabrera, J., Charnoz, S., Cameron, A. 
C., Csizmadia, S., Davies, M. B., Deleuil, M., Delrez, L., Demory, B. O., Ehrenreich, D., Erikson, A., Fossati, L., Fridlund, M., Gillon, M., Gomez-Mu-
noz, M. A., Gudel, M., Heng, K., Hoyer, S., Isaak, K. G., Kiss, L., Laskar, J., Des Etangs, A. L., Lovis, C., Magrin, D., Malavolta, L., McCormac, J., 
Nascimbeni, V., Olofsson, G., Ottensamer, R., Pagano, I., Palle, E., Peter, G., Piazza, D., Piotto, G., Pollacco, D., Queloz, D., Ragazzoni, R., Rando, 
N., Rauer, H., Reimers, C., Ribas, I., Demangeon, O. D. S., Smith, A. M. S., Sabin, L., Santos, N., Scandariato, G., Schroffenegger, U., Schwarz, 
R. P., Shporer, A., Simon, A. E., Steller, M., Szabo, G. M., Segransan, D., Thomas, N., Udry, S., Walter, I. and Walton, N. (2022) ‘Uncovering the 
true periods of the young sub-Neptunes orbiting TOI-2076’, Astronomy and Astrophysics, 664.

Pajola, M., Pozzobon, R., Silvestro, S., Salese, F., Rossato, S., Pompilio, L., Munaretto, G., Teodoro, L., Kling, A., Simioni, E., Lucchetti, A., Torna-
bene, L. L., Marinangeli, L., Tangari, A. C., Wilson, J., Cremonese, G., Massironi, M. and Thomas, N. (2022) ‘Geology, in-situ resource-identification 
and engineering analysis of the Vernal crater area (Arabia Terra): A suitable mars human landing site candidate’, Planetary and Space Science, 213.

Pan, X., Li, S. L., Cao, X., Miniutti, G. and Gu, M. (2022) ‘A Disk Instability Model for the Quasi-periodic Eruptions of GSN 069’, Astrophysical 
Journal Letters, 928(2).

Parviainen, H., Wilson, T. G., Lendl, M., Kitzmann, D., Pallé, E., Serrano, L. M., Meier Valdes, E., Benz, W., Deline, A., Ehrenreich, D., Guterman, 
P., Heng, K., Demangeon, O. D. S., Bonfanti, A., Salmon, S., Singh, V., Santos, N. C., Sousa, S. G., Alibert, Y., Alonso, R., Anglada, G., Bárczy, 
T., Barrado Y Navascues, D., Barros, S. C. C., Baumjohann, W., Beck, M., Beck, T., Billot, N., Bonfils, X., Brandeker, A., Broeg, C., Cabrera, J., 
Charnoz, S., Collier Cameron, A., Corral Van Damme, C., Csizmadia, S., Davies, M. B., Deleuil, M., Delrez, L., Demory, B. O., Erikson, A., Farinato, 
J., Fortier, A., Fossati, L., Fridlund, M., Gandolfi, D., Gillon, M., Güdel, M., Hoyer, S., Isaak, K. G., Kiss, L. L., Kopp, E., Laskar, J., Lecavelier Des 
Etangs, A., Lovis, C., Magrin, D., Maxted, P. F. L., Mecina, M., Nascimbeni, V., Olofsson, G., Ottensamer, R., Pagano, I., Peter, G., Piazza, D., 
Piotto, G., Pollacco, D., Queloz, D., Ragazzoni, R., Rando, N., Rauer, H., Ribas, I., Scandariato, G., Ségransan, D., Simon, A. E., Smith, A. M. S., 
Steller, M., Szabó, G. M., Thomas, N., Udry, S., Van Grootel, V. and Walton, N. A. (2022) ‘CHEOPS finds KELT-1b darker than expected in visible 
light: Discrepancy between the CHEOPS and TESS eclipse depths’, Astronomy and Astrophysics, 668.

Passegger, V. M., Bello-García, A., Ordieres-Meré, J., Antoniadis-Karnavas, A., Marfil, E., Duque-Arribas, C., Amado, P. J., Delgado-Mena, E., 
Montes, D., Rojas-Ayala, B., Schweitzer, A., Tabernero, H. M., Béjar, V. J. S., Caballero, J. A., Hatzes, A. P., Henning, T., Pedraz, S., Quirrenbach, 
A., Reiners, A. and Ribas, I. (2022) ‘Metallicities in M dwarfs: Investigating different determination techniques’, Astronomy and Astrophysics, 658.



Annual Report 2022

160
Publications

Publicaciones

Pauli, D., Oskinova, L. M., Hamann, W. R., Ramachandran, V., Todt, H., Sander, A. A. C., Shenar, T., Rickard, M., Maiz Apellaniz, J. and Prinja, 
R. (2022) ‘The earliest O-type eclipsing binary in the Small Magellanic Cloud, AzV 476: A comprehensive analysis reveals surprisingly low stellar 
masses’, Astronomy and Astrophysics, 659.

Pereira-Santaella, M., Álvarez-Márquez, J., García-Bernete, I., Labiano, A., Colina, L., Alonso-Herrero, A., Bellocchi, E., García-Burillo, S., Hönig, 
S. F., Ramos Almeida, C. and Rosario, D. (2022) ‘Low-power jet-interstellar medium interaction in NGC 7319 revealed by JWST/MIRI MRS’, 
Astronomy and Astrophysics, 665.

Perez Canora, C., Rodriguez, J. A., Musso, F., Moral, A., Seoane, L., Zafra, J., Rodriguez, P. R., Ibarmia, S., Benito, M., Veneranda, M., Manrique, 
J. A., Ramos, G., Charro, E., Lopez, J. M., González, M. Á., Hutchinson, I., Prieto-Ballesteros, O., Rull, F. and Lopez-Reyes, G. (2022) ‘The Raman 
Laser Spectrometer: A performance study using ExoMars representative crushed samples’, Journal of Raman Spectroscopy, 53(3), pp. 396-410.

Perna, M., Arribas, S., Colina, L., Pereira Santaella, M., Lamperti, I., Di Teodoro, E., Übler, H., Costantin, L., Maiolino, R., Cresci, G., Bellocchi, E., 
Catalán-Torrecilla, C., Cazzoli, S. and Piqueras López, J. (2022) ‘Physics of ULIRGs with MUSE and ALMA: The PUMA project: III. Incidence and 
properties of ionised gas disks in ULIRGs, associated velocity dispersion, and its dependence on starburstiness’, Astronomy and Astrophysics, 
662.

Peña-Ocaña, B. A., Ovando-Ovando, C. I., Puente-Sánchez, F., Tamames, J., Servín-Garcidueñas, L. E., González-Toril, E., Gutiérrez-Sarmiento, 
W., Jasso-Chávez, R. and Ruíz-Valdiviezo, V. M. (2022) ‘Metagenomic and metabolic analyses of poly-extreme microbiome from an active crater 
volcano lake’, Environmental Research, 203.

Pharo, J., Guo, Y., Calvo, G. B., Carleton, T., Faber, S. M., Guhathakurta, P., Kassin, S. A., Koo, D. C., Lonergan, J., Teppala, T., Wang, W., 
Yesuf, H. M., Bian, F., Davé, R., Forbes, J. C., Keres, D., Perez-Gonzalez, P., Martin, A., Puleo, A. J., Williams, L. and Winningham, B. (2022) ‘The 
Dwarf Galaxy Population at z ∼0.7: A Catalog of Emission Lines and Redshifts from Deep Keck Observations’, Astrophysical Journal, Supplement 
Series, 261(2).

Pinamonti, M., Sozzetti, A., Maldonado, J., Affer, L., Micela, G., Bonomo, A. S., Lanza, A. F., Perger, M., Ribas, I., Hernández, J. I. G., Bignamini, 
A., Claudi, R., Covino, E., Damasso, M., Desidera, S., Giacobbe, P., González-Álvarez, E., Herrero, E., Leto, G., Maggio, A., Molinari, E., Morales, 
J. C., Pagano, I., Petralia, A., Piotto, G., Poretti, E., Rebolo, R., Scandariato, G., Mascareño, A. S., Toledo-Padrón, B. and Sánchez, R. Z. (2022) 
‘HADES RV Programme with HARPS-N at TNG: XV. Planetary occurrence rates around early-M dwarfs’, Astronomy and Astrophysics, 664.

Pittman, C. V., Espaillat, C. C., Robinson, C. E., Thanathibodee, T., Calvet, N., Wendeborn, J., Hernández, J., Manara, C. F., Walter, F., Ábrahám, 
P., Alcalá, J. M., Alencar, S. H. P., Arulanantham, N., Cabrit, S., Eislöffel, J., Fiorellino, E., France, K., Gangi, M., Grankin, K., Herczeg, G. J., Kóspál, 
I., Mendigutía, I., Serna, J. and Venuti, L. (2022) ‘Towards a Comprehensive View of Accretion, Inner Disks, and Extinction in Classical T Tauri Stars: 
An ODYSSEUS Study of the Orion OB1b Association’, Astronomical Journal, 164(5).

Plado, J., Losiak, A., Jõeleht, A., Ormö, J., Alexanderson, H., Alwmark, C., Wild, E. M., Steier, P., Awdankiewicz, M. and Belcher, C. (2022) ‘Dis-
criminating between impact or nonimpact origin of small meteorite crater candidates: No evidence for an impact origin for the Tor crater, Sweden’, 
Meteoritics and Planetary Science, 57(11), pp. 1987-2002.

Poutanen, J., Veledina, A., Berdyugin, A. V., Berdyugina, S. V., Jermak, H., Jonker, P. G., Kajava, J. J. E., Kosenkov, I. A., Kravtsov, V., Piirola, V., 
Shrestha, M., Perez Torres, M. A. and Tsygankov, S. S. (2022) ‘Black hole spin–orbit misalignment in the x-ray binary MAXI J1820+070’, Science, 
375(6583), pp. 874-876.

Prieto-Ballesteros, O., Muñoz-Iglesias, V. and Bonales, L. J. (2022) ‘Heat storage in ocean worlds: The role of slurries’, Monthly Notices of the Royal 
Astronomical Society, 515(3), pp. 3512-3523.

Prinoth, B., Hoeijmakers, H. J., Kitzmann, D., Sandvik, E., Seidel, J. V., Lendl, M., Borsato, N. W., Thorsbro, B., Anderson, D. R., Barrado, D., 
Kravchenko, K., Allart, R., Bourrier, V., Cegla, H. M., Ehrenreich, D., Fisher, C., Lovis, C., Guzmán-Mesa, A., Grimm, S., Hooton, M., Morris, B. 
M., Oreshenko, M., Pino, L. and Heng, K. (2022) ‘Titanium oxide and chemical inhomogeneity in the atmosphere of the exoplanet WASP-189 b’, 
Nature Astronomy, 6(4), pp. 449-457.

Pérez-Fernández, C., Vega, J., Rayo-Pizarroso, P., Mateo-Marti, E. and Ruiz-Bermejo, M. (2022) ‘Prebiotic synthesis of noncanonical nucleobases 
under plausible alkaline hydrothermal conditions’, Scientific Reports, 12(1).

Pérezσfernández, C., Valles, P., Gonzálezσtoril, E., Mateoσmartí, E., de la Fuente, J. L. and Ruizσbermejo, M. (2022) ‘Tuning the morphology in the 
nanoscale of nh4cn polymers synthesized by microwave radiation: A comparative study’, Polymers, 14(1).

Quanz, S. P., Ottiger, M., Fontanet, E., Kammerer, J., Menti, F., Dannert, F., Gheorghe, A., Absil, O., Airapetian, V. S., Alei, E., Allart, R., Anger-
hausen, D., Blumenthal, S., Buchhave, L. A., Cabrera, J., Carrión-González, Ã., Chauvin, G., Danchi, W. C., Dandumont, C., Defrére, D., Dorn, 



Annual Report 2022

161
(Articles and Reviews)

Publications

C., Ehrenreich, D., Ertel, S., Fridlund, M., Muñoz, A. G., Gascón, C., Girard, J. H., Glauser, A., Grenfell, J. L., Guidi, G., Hagelberg, J., Helled, R., 
Ireland, M. J., Janson, M., Kopparapu, R. K., Korth, J., Kozakis, T., Kraus, S., Léger, A., Leedjärv, L., Lichtenberg, T., Lillo-Box, J., Linz, H., Liseau, 
R., Loicq, J., Mahendra, V., Malbet, F., Mathew, J., Mennesson, B., Meyer, M. R., Mishra, L., Molaverdikhani, K., Noack, L., Oza, A. V., Pallé, 
E., Parviainen, H., Quirrenbach, A., Rauer, H., Ribas, I., Rice, M., Romagnolo, A., Rugheimer, S., Schwieterman, E. W., Serabyn, E., Sharma, S., 
Stassun, K. G., Szulágyi, J., Wang, H. S., Wunderlich, F. and Wyatt, M. C. (2022) ‘Large Interferometer For Exoplanets (LIFE): I. Improved exoplanet 
detection yield estimates for a large mid-infrared space-interferometer mission’, Astronomy and Astrophysics, 664.

Quirrenbach, A., Passegger, V. M., Trifonov, T., Amado, P. J., Caballero, J. A., Reiners, A., Ribas, I., Aceituno, J., Béjar, V. J. S., Chaturvedi, P., 
González-Cuesta, L., Henning, T., Herrero, E., Kaminski, A., Kürster, M., Lalitha, S., Lodieu, N., López-González, M. J., Montes, D., Pallé, E., Perg-
er, M., Pollacco, D., Reffert, S., Rodríguez, E., López, C. R., Shan, Y., Tal-Or, L., Osorio, M. R. Z. and Zechmeister, M. (2022) ‘The CARMENES 
search for exoplanets around M dwarfs: Two Saturn-mass planets orbiting active stars’, Astronomy and Astrophysics, 663.

Racero, E., Giordano, F., Carry, B., Berthier, J., Müller, T., Mahlke, M., Valtchanov, I., Baines, D., Kruk, S., Merín, B., Besse, S., Küppers, M., Puga, 
E., González Núñez, J., Rodríguez, P., De La Calle, I., López-Marti, B., Norman, H., Wångblad, M., López-Caniego, M. and Álvarez Crespo, N. 
(2022) ‘ESASky SSOSS: Solar System Object Search Service and the case of Psyche’, Astronomy and Astrophysics, 659.

Radica, M., Artigau, E., Lafreniére, D., Cadieux, C., Cook, N. J., Doyon, R., Amado, P. J., Caballero, J. A., Henning, T., Quirrenbach, A., Reiners, 
A. and Ribas, I. (2022) ‘Revisiting radial velocity measurements of the K2-18 system with the line-by-line framework’, Monthly Notices of the Royal 
Astronomical Society, 517(4), pp. 5050-5062.

Raducan, S. D., Jutzi, M., Zhang, Y., Ormö, J. and Michel, P. (2022) ‘Reshaping and ejection processes on rubble-pile asteroids from impacts’, 
Astronomy and Astrophysics, 665.

Ramos Almeida, C., Bischetti, M., Garciá-Burillo, S., Alonso-Herrero, A., Audibert, A., Cicone, C., Feruglio, C., Tadhunter, C. N., Pierce, J. C. S., 
Pereira-Santaella, M. and Bessiere, P. S. (2022) ‘The diverse cold molecular gas contents, morphologies, and kinematics of type-2 quasars as seen 
by ALMA’, Astronomy and Astrophysics, 658.

Ramírez-Olivencia, N., Varenius, E., Pérez-Torres, M., Alberdi, A., Conway, J. E., Alonso-Herrero, A., Pereira-Santaella, M. and Herrero-Illana, R. 
(2022) ‘Sub-arcsecond LOFAR imaging of Arp 299 at 150 MHz: Tracing the nuclear and diffuse extended emission of a bright LIRG’, Astronomy 
and Astrophysics, 658.

Randich, S. and Gilmore, G. and Magrini, L. and Sacco, G. G. and Jackson, R. J. and Jeffries, R. D. and Worley, C. C. and Hourihane, A. and 
Gonneau, A. and Vázquez, C. V. and Franciosini, E. and Lewis, J. R. and Alfaro, E. J. and Prieto, C. A. and Bensby, T. and Blomme, R. and 
Bragaglia, A. and Flaccomio, E. and François, P. and Irwin, M. J. and Koposov, S. E. and Korn, A. J. and Lanzafame, A. C. and Pancino, E. and 
Recio-Blanco, A. and Smiljanic, R. and Van Eck, S. and Zwitter, T. and Asplund, M. and Bonifacio, P. and Feltzing, S. and Binney, J. and Drew, 
J. and Ferguson, A. M. N. and Micela, G. and Negueruela, I. and Prusti, T. and Rix, H. W. and Vallenari, A. and Bayo, A. and Bergemann, M. and 
Biazzo, K. and Carraro, G. and Casey, A. R. and Damiani, F. and Frasca, A. and Heiter, U. and Hill, V. and Jofré, P. and de Laverny, P. and Lind, 
K. and Marconi, G. and Martayan, C. and Masseron, T. and Monaco, L. and Morbidelli, L. and Prisinzano, L. and Sbordone, L. and Sousa, S. G. 
and Zaggia, S. and Adibekyan, V. and Bonito, R. and Caffau, E. and Daflon, S. and Feuillet, D. K. and Gebran, M. and Hernández, J. I. G. and 
Guiglion, G. and Herrero, A. and Lobel, A. and Apellániz, J. M. and Merle, T. and Mikolaitis, S. and Montes, D. and Morel, T. and Soubiran, C. and 
Spina, L. and Tabernero, H. M. and Tautvaišiene, G. and Traven, G. and Valentini, M. and Van der Swaelmen, M. and Villanova, S. and Wright, N. 
J. and Abbas, U. and Børsen-Koch, V. A. and Alves, J. and Balaguer-Núnez, L. and Barklem, P. S. and Barrado, D. and Berlanas, S. R. and Binks, 
A. S. and Bressan, A. and Capuzzo–Dolcetta, R. and Casagrande, L. and Casamiquela, L. and Collins, R. S. and D’Orazi, V. and Dantas, M. L. 
L. and Debattista, V. P. and Delgado-Mena, E. and Di Marcantonio, P. and Drazdauskas, A. and Evans, N. W. and Famaey, B. and Franchini, M. 
and Frémat, Y. and Friel, E. D. and Fu, X. and Geisler, D. and Gerhard, O. and González Solares, E. A. and Grebel, E. K. and Gutiérrez Albarrán, M. 
L. and Hatzidimitriou, D. and Held, E. V. and Jiménez-Esteban, F. and Jönsson, H. and Jordi, C. and Khachaturyants, T. and Kordopatis, G. and 
Kos, J. and Lagarde, N. and Mahy, L. and Mapelli, M. and Marfil, E. and Martell, S. L. and Messina, S. and Miglio, A. and Minchev, I. and Moitinho, 
A. and Montalban, J. and Monteiro, M. J. P. F. G. and Morossi, C. and Mowlavi, N. and Mucciarelli, A. and Murphy, D. N. A. and Nardetto, N. 
and Ortolani, S. and Paletou, F. and Palous, J. and Paunzen, E. and Pickering, J. C. and Quirrenbach, A. and Re Fiorentin, P. and Read, J. I. and 
Romano, D. and Ryde, N. and Sanna, N. and Santos, W. and Seabroke, G. M. and Spagna, A. and Steinmetz, M. and Stonkuté, E. and Sutorius, 
E. and Thévenin, F. and Tosi, M. and Tsantaki, M. and Vink, J. S. and Wright, N. and Wyse, R. F. G. and Zoccali, M. and Zorec, J. and Zucker, 
D. B. and Walton, N. A. (2022) ‘The Gaia-ESO Public Spectroscopic Survey: Implementation, data products, open cluster survey, science, and 
legacy’, Astronomy and Astrophysics, 666.



Annual Report 2022

162
Publications

Publicaciones

Rasekh, A., Melinder, J., Ostlin, G., Hayes, M., Herenz, E. C., Runnholm, A., Kunth, D., Mas Hesse, J. M., Verhamme, A. and Cannon, J. M. (2022) 
‘The Lyman Alpha Reference Sample: XII. Morphology of extended Lyman alpha emission in star-forming galaxies’, Astronomy and Astrophysics, 
662.

Raymond-Bouchard, I., Maggiori, C., Brennan, L., Altshuler, I., Manchado, J. M., Parro, V. and Whyte, L. G. (2022) ‘Assessment of Automated 
Nucleic Acid Extraction Systems in Combination with MinION Sequencing As Potential Tools for the Detection of Microbial Biosignatures’, Astro-
biology, 22(1), pp. 87-103.

Rebassa-Mansergas, A., Xu, S., Raddi, R., Pala, A. F., Solano, E., Torres, S., Jiménez-Esteban, F. and Cruz, P. (2022) ‘Gaia 0007-1605: An Old 
Triple System with an Inner Brown Dwarf-White Dwarf Binary and an Outer White Dwarf Companion’, Astrophysical Journal Letters, 927(2).

Rebollido, I., Ribas, Á., De Gregorio-Monsalvo, I., Villaver, E., Montesinos, B., Chen, C., Canovas, H., Henning, T., Moór, A., Perrin, M., Riv-
ière-Marichalar, P. and Eiroa, C. (2022) ‘The search for gas in debris discs: ALMA detection of CO gas in HD 36546’, Monthly Notices of the Royal 
Astronomical Society, 509(1), pp. 693-700.

Relaño, M., De Looze, I., Saintonge, A., Hou, K. C., Romano, L. E. C., Nagamine, K., Hirashita, H., Aoyama, S., Lamperti, I., Lisenfeld, U., Smith, 
M. W. L., Chastenet, J., Xiao, T., Gao, Y., Sargent, M. and Van Der Giessen, S. A. (2022) ‘Dust grain size evolution in local galaxies: a comparison 
between observations and simulations’, Monthly Notices of the Royal Astronomical Society, 515(4), pp. 5306-5334.

Ricci, F., Treister, E., Bauer, F. E., Mejía-Restrepo, J. E., Koss, M. J., Den Brok, J. S., Balokoviσ, M., Bär, R., Bessiere, P., Caglar, T., Harrison, F., 
Ichikawa, K., Kakkad, D., Lamperti, I., Mushotzky, R., Oh, K., Powell, M. C., Privon, G. C., Ricci, C., Riffel, R., Rojas, A. F., Sani, E., Smith, K. L., 
Stern, D., Trakhtenbrot, B., Urry, C. M. and Veilleux, S. (2022) ‘BASS. XXIX. the Near-infrared View of the Broad-line Region (BLR): The Effects of 
Obscuration in BLR Characterization’, Astrophysical Journal, Supplement Series, 261(1).

Rico-Villas, F., González-Alfonso, E., Martín-Pintado, J., Rivilla, V. M. and Martín, S. (2022) ‘On the thermal structure of the proto-super star cluster 
13 in NGC 253’, Monthly Notices of the Royal Astronomical Society, 516(1), pp. 1094-1113.

Ritchie, B. W., Clark, J. S., Negueruela, I. and Najarro, F. (2022) ‘A VLT/FLAMES survey for massive binaries in Westerlund 1: VIII. Binary systems 
and orbital parameters’, Astronomy and Astrophysics, 660.

Rivilla, V. M., Colzi, L., Jiménez-Serra, I., Martín-Pintado, J., Megías, A., Melosso, M., Bizzocchi, L., López-Gallifa, Á., Martínez-Henares, A., Mas-
salkhi, S., Tercero, B., De Vicente, P., Guillemin, J. C., García De La Concepción, J., Rico-Villas, F., Zeng, S., Martín, S., Requena-Torres, M. A., 
Tonolo, F., Alessandrini, S., Dore, L., Barone, V. and Puzzarini, C. (2022a) ‘Precursors of the RNA World in Space: Detection of ( Z)-1,2-ethenediol 
in the Interstellar Medium, a Key Intermediate in Sugar Formation’, Astrophysical Journal Letters, 929(1).

Rivilla, V. M., García De La Concepción, J., Jiménez-Serra, I., Martín-Pintado, J., Colzi, L., Tercero, B., Megías, A., López-Gallifa, Á., Martín-
ez-Henares, A., Massalkhi, S., Martín, S., Zeng, S., De Vicente, P., Rico-Villas, F., Requena-Torres, M. A. and Cosentino, G. (2022b) ‘Ionize Hard: 
Interstellar PO+ Detection’, Frontiers in Astronomy and Space Sciences, 9.

Rivilla, V. M., Jiménez-Serra, I., Martín-Pintado, J., Colzi, L., Tercero, B., de Vicente, P., Zeng, S., Martín, S., García de la Concepción, J., Biz-
zocchi, L., Melosso, M., Rico-Villas, F. and Requena-Torres, M. A. (2022c) ‘Molecular Precursors of the RNA-World in Space: New Nitriles in the 
G+0.693−0.027 Molecular Cloud’, Frontiers in Astronomy and Space Sciences, 9.

Rodríguez-Martín, D., Murciano, A., Herráiz, M., de Francisco, P., Amaro, F., Gutiérrez, J. C., Martín-González, A. and Díaz, S. (2022) ‘Arsenate 
and arsenite differential toxicity in Tetrahymena thermophila’, Journal of Hazardous Materials, 431.

Rodríguez-Muñoz, L., Rodighiero, G., Pcrossed D Sign©rez-González, P. G., Talia, M., Baronchelli, I., Morselli, L., Renzini, A., Puglisi, A., Grazian, 
A., Zanella, A., Mancini, C., Feltre, A., Romano, M., Vidal Garciá, A., Franceschini, A., Alcalde Pampliega, B., Cassata, P., Costantin, L., Domínguez 
Sánchez, H., Espino-Briones, N., Iani, E., Koekemoer, A., Lumbreras-Calle, A. and Rodríguez-Espinosa, J. M. (2022) ‘Differential attenuation in 
star-forming galaxies at 0.3 ≲ z ≲ 1.5 in the SHARDS/CANDELS field’, Monthly Notices of the Royal Astronomical Society, 510(2), pp. 2061-2083.

Rodríguez-Tovar, F. J., Kaskes, P., Ormö, J., Gulick, S. P. S., Whalen, M. T., Jones, H. L., Lowery, C. M., Bralower, T. J., Smit, J., King, D. T., 
Jr., Goderis, S. and Claeys, P. (2022) ‘Life before impact in the Chicxulub area: unique marine ichnological signatures preserved in crater suevite’, 
Scientific Reports, 12(1).

Roldán, D. M., Carrizo, D., Sánchez-García, L. and Menes, R. J. (2022) ‘Diversity and Effect of Increasing Temperature on the Activity of Methano-
trophs in Sediments of Fildes Peninsula Freshwater Lakes, King George Island, Antarctica’, Frontiers in Microbiology, 13.



Annual Report 2022

163
(Articles and Reviews)

Publications

Rollano, V., de Ory, M. C., Buch, C. D., Rubín-Osanz, M., Zueco, D., Sánchez-Azqueta, C., Chiesa, A., Granados, D., Carretta, S., Gomez, A., 
Piligkos, S. and Luis, F. (2022) ‘High cooperativity coupling to nuclear spins on a circuit quantum electrodynamics architecture’, Communications 
Physics, 5(1).

Rubio-Diéz, M. M., Sundqvist, J. O., Najarro, F., Traficante, A., Puls, J., Calzoletti, L. and Figer, D. (2022) ‘Upper mass-loss limits and clumping in 
the intermediate and outer wind regions of OB stars’, Astronomy and Astrophysics, 658.

Ruiz, J., Mansilla, F., Arsuaga, J. L., Santos, E., Jiménez-Díaz, A. and Egea-González, I. (2022) ‘The speed and displacement of the Laetoli Site G 
track-maker hominins’, Ichnos:an International Journal of Plant and Animal, 29(3-4), pp. 205-217.

Ruiz-Bermejo, M., García-Armada, P., Mateo-Martí, E. and de la Fuente, J. L. (2022a) ‘HCN-derived polymers from thermally induced polymeriza-
tion of diaminomaleonitrile: A non-enzymatic peroxide sensor based on prebiotic chemistry’, European Polymer Journal, 162.

Ruiz-Bermejo, M., García-Armada, P., Valles, P. and de la Fuente, J. L. (2022b) ‘Semiconducting Soft Submicron Particles from the Micro-
wave-Driven Polymerization of Diaminomaleonitrile’, Polymers, 14(17).

Rybak, M., Hodge, J. A., Greve, T. R., Riechers, D., Lamperti, I., Van Marrewijk, J., Walter, F., Wagg, J. and Van Der Werf, P. P. (2022) ‘PRUSSIC: 
I. A JVLA survey of HCN, HCO+, and HNC (1-0) emission in z∼3 dusty galaxies: Low dense-gas fractions in high-redshift star-forming galaxies’, 
Astronomy and Astrophysics, 667.

Sahai, R., Sanz-Forcada, J., Guerrero, M., Ortiz, R. and Contreras, C. S. (2022) ‘Understanding High-Energy (UV and X-ray) Emission from AGB 
Stars—Episodic Accretion in Binary Systems’, Galaxies, 10(3).

Salvador-Solé, E., Manrique, A., Miguel Mas-Hesse, J., Cabello, C., Gallego, J., Miguel Rodríguez-Espinosa, J. and Guzman, R. (2022) ‘Lyσ Emit-
ting Galaxies (LAEs) at Cosmic Dawn: Implications and Predictions’, Astrophysical Journal, 936(2).

Sana, H., Ramírez-Agudelo, O. H., Hénault-Brunet, V., Mahy, L., Almeida, L. A., De Koter, A., Bestenlehner, J. M., Evans, C. J., Langer, N., Sch-
neider, F. R. N., Crowther, P. A., De Mink, S. E., Herrero, A., Lennon, D. J., Gieles, M., Maíz Apellániz, J., Renzo, M., Sabbi, E., Van Loon, J. T. 
and Vink, J. S. (2022) ‘The VLT-FLAMES Tarantula Survey: Observational evidence for two distinct populations of massive runaway stars in 30 
Doradus’, Astronomy and Astrophysics, 668.

Sanchez-Bermudez, J., Hummel, C. A., Díaz-López, J., Alberdi, A., Schödel, R., Arias, J. I., Barbá, R. H., Bastida-Escamilla, E., Brandner, W., Maíz 
Apellániz, J. and Pott, J. U. (2022) ‘The outer orbit of the high-mass stellar triple system Herschel 36 determined with the VLTI’, Monthly Notices of 
the Royal Astronomical Society, 514(1), pp. 1162-1168.

Sanchez-Garrido, J., Ruano-Gallego, D., Choudhary, J. S. and Frankel, G. (2022) ‘The type III secretion system effector network hypothesis’, 
Trends in Microbiology, 30(6), pp. 524-533.

Sanz-Forcada, J. (2022) ‘X-exoplanets coronal models and planet photoevaporation’, Astronomische Nachrichten, 343(4).

Savijärvi, H. I., Martinez, G. M., Vicente-Retortillo, A. and Harri, A. M. (2022) ‘Surface energy budget at Curiosity through observations and column 
modeling’, Icarus, 376.

Scandariato, G., Singh, V., Kitzmann, D., Lendl, M., Brandeker, A., Bruno, G., Bekkelien, A., Benz, W., Gutermann, P., Maxted, P. F. L., Bonfanti, 
A., Charnoz, S., Fridlund, M., Heng, K., Hoyer, S., Pagano, I., Persson, C. M., Salmon, S., Van Grootel, V., Wilson, T. G., Asquier, J., Bergomi, 
M., Gambicorti, L., Hasiba, J., Alibert, Y., Alonso, R., Anglada, G., Bárczy, T., Barrado Y Navascues, D., Barros, S. C. C., Baumjohann, W., Beck, 
M., Beck, T., Billot, N., Bonfils, X., Broeg, C., Cabrera, J., Collier Cameron, A., Csizmadia, S., Davies, M. B., Deleuil, M., Deline, A., Delrez, L., De-
mangeon, O., Demory, B. O., Erikson, A., Fortier, A., Fossati, L., Gandolfi, D., Gillon, M., Güdel, M., Isaak, K. G., Kiss, L. L., Laskar, J., Lecavelier 
Des Etangs, A., Lovis, C., Magrin, D., Nascimbeni, V., Olofsson, G., Ottensamer, R., Pallé, E., Parviainen, H., Peter, G., Piotto, G., Pollacco, D., 
Queloz, D., Ragazzoni, R., Rando, N., Rauer, H., Ribas, I., Santos, N. C., Ségransan, D., Serrano, L. M., Simon, A. E., Smith, A. M. S., Sousa, S. 
G., Steller, M., Szabó, G. M., Thomas, N., Udry, S., Ulmer, B. and Walton, N. (2022) ‘Phase curve and geometric albedo of WASP-43b measured 
with CHEOPS, TESS, and HST WFC3/UVIS’, Astronomy and Astrophysics, 668.

Scheller, E. L., Hollis, J. R., Cardarelli, E. L., Steele, A., Beegle, L. W., Bhartia, R., Conrad, P., Uckert, K., Sharma, S., Ehlmann, B. L., Abbey, W. 
J., Asher, S. A., Benison, K. C., Berger, E. L., Beyssac, O., Bleefeld, B. L., Bosak, T., Brown, A. J., Burton, A. S., Bykov, S. V., Cloutis, E., Fairén, 
A. G., DeFlores, L., Farley, K. A., Fey, D. M., Fornaro, T., Fox, A. C., Fries, M., Hickman-Lewis, K., Hug, W. F., Huggett, J. E., Imbeah, S., Jakubek, 
R. S., Kah, L. C., Kelemen, P., Kennedy, M. R., Kizovski, T., Lee, C., Liu, Y., Mandon, L., McCubbin, F. M., Moore, K. R., Nixon, B. E., Núñez, J. 
I., Sanchez-Vahamonde, C. R., Roppel, R. D., Schulte, M., Sephton, M. A., Sharma, S. K., Siljeström, S., Shkolyar, S., Shuster, D. L., Simon, J. 
I., Smith, R. J., Stack, K. M., Steadman, K., Weiss, B. P., Werynski, A., Williams, A. J., Wiens, R. C., Williford, K. H., Winchell, K., Wogsland, B., 



Annual Report 2022

164
Publications

Publicaciones

Yanchilina, A., Yingling, R. and Zorzano, M. P. (2022) ‘Aqueous alteration processes in Jezero crater, Mars—implications for organic geochemistry’, 
Science, 378(6624), pp. 1105-1110.

Schootemeijer, A., Lennon, D. J., Garcia, M., Langer, N., Hastings, B. and Schürmann, C. (2022) ‘A census of OBe stars in nearby metal-poor 
dwarf galaxies reveals a high fraction of extreme rotators’, Astronomy and Astrophysics, 667.

Schwendner, P., Riedo, A., Melton, D. J., Horvath, P., Lindner, R., Ehrenfreund, P., Beblo-Vranesevic, K., Rettberg, P., Rabbow, E., Westall, F., 
Bashir, A., Moissl-Eichinger, C., Garcia-Descalzo, L., Gomez, F., Amils, R., Marteinsson, V. Þ., Walter, N. and Cockell, C. S. (2022) ‘Microbial 
Metabolism of Amino Acids—Biologically Induced Removal of Glycine and the Resulting Fingerprint as a Potential Biosignature’, Frontiers in As-
tronomy and Space Sciences, 9.

Schöfer, P., Jeffers, S. V., Reiners, A., Zechmeister, M., Fuhrmeister, B., Lafarga, M., Ribas, I., Quirrenbach, A., Amado, P. J., Caballero, J. A., 
Anglada-Escudé, G., Bauer, F. F., Béjar, V. J. S., Cortés-Contreras, M., Alonso, E. D., Dreizler, S., Guenther, E. W., Herbort, O., Johnson, E. N., 
Kaminski, A., Kürster, M., Montes, D., Morales, J. C., Pedraz, S. and Tal-Or, L. (2022) ‘The CARMENES search for exoplanets around M dwarfs: 
Rotational variation in activity indicators of Ross 318, YZ CMi, TYC 3529-1437-1, and EV Lac’, Astronomy and Astrophysics, 663.

Sedaghati, E., Sánchez-López, A., Czesla, S., López-Puertas, M., Amado, P. J., Palle, E., Molaverdikhani, K., Caballero, J. A., Nortmann, L., Quir-
renbach, A., Reiners, A. and Ribas, I. (2022) ‘Moderately misaligned orbit of the warm sub-Saturn HD 332231 b’, Astronomy and Astrophysics, 
659.

Serrano, L. M. and Gandolfi, D. and Hoyer, S. and Brandeker, A. and Hooton, M. J. and Sousa, S. and Murgas, F. and Ciardi, D. R. and Howell, 
S. B. and Benz, W. and Billot, N. and Florén, H. G. and Bekkelien, A. and Bonfanti, A. and Krenn, A. and Mustill, A. J. and Wilson, T. G. and Os-
born, H. and Parviainen, H. and Heidari, N. and Pallé, E. and Fridlund, M. and Adibekyan, V. and Fossati, L. and Deleuil, M. and Knudstrup, E. and 
Collins, K. A. and Lam, K. W. F. and Grziwa, S. and Salmon, S. and Albrecht, S. H. and Alibert, Y. and Alonso, R. and Anglada-Escudé, G. and 
Bárczy, T. and Barrado y Navascues, D. and Barros, S. C. C. and Baumjohann, W. and Beck, M. and Beck, T. and Bieryla, A. and Bonfils, X. and 
Boyd, P. T. and Broeg, C. and Cabrera, J. and Charnoz, S. and Chazelas, B. and Christiansen, J. L. and Cameron, A. C. and Cortés-Zuleta, P. 
and Csizmadia, S. and Davies, M. B. and Deline, A. and Delrez, L. and Demangeon, O. D. S. and Demory, B. O. and Dunlavey, A. and Ehrenreich, 
D. and Erikson, A. and Fortier, A. and Fukui, A. and Garai, Z. and Gillon, M. and Güdel, M. and Hébrard, G. and Heng, K. and Huang, C. X. and 
Isaak, K. G. and Jenkins, J. M. and Kiss, L. L. and Laskar, J. and Latham, D. W. and Lecavelier des Etangs, A. and Lendl, M. and Levine, A. M. 
and Lovis, C. and Lund, M. B. and Magrin, D. and Maxted, P. F. L. and Narita, N. and Nascimbeni, V. and Olofsson, G. and Ottensamer, R. and 
Pagano, I. and Pessanha, A. C. S. V. and Peter, G. and Piotto, G. and Pollacco, D. and Queloz, D. and Ragazzoni, R. and Rando, N. and Ratti, F. 
and Rauer, H. and Ribas, I. and Ricker, G. and Rowden, P. and Santos, N. C. and Scandariato, G. and Seager, S. and Ségransan, D. and Simon, 
A. E. and Smith, A. M. S. and Steller, M. and Szabó, G. M. and Thomas, N. and Twicken, J. D. and Udry, S. and Ulmer, B. and Van Grootel, V. 
and Vanderspek, R. and Viotto, V. and Walton, N. (2022) ‘The HD 93963 A transiting system: A 1.04 d super-Earth and a 3.65 d sub-Neptune 
discovered by TESS and CHEOPS’, Astronomy and Astrophysics, 667(A&A).

Shenar, T., Sana, H., Mahy, L., El-Badry, K., Marchant, P., Langer, N., Hawcroft, C., Fabry, M., Sen, K., Almeida, L. A., Abdul-Masih, M., Boden-
steiner, J., Crowther, P. A., Gieles, M., Gromadzki, M., Hénault-Brunet, V., Herrero, A., Koter, A., Iwanek, P., Kozłowski, S., Lennon, D. J., 
Apellániz, J. M., Mróz, P., Moffat, A. F. J., Picco, A., Pietrukowicz, P., Poleski, R., Rybicki, K., Schneider, F. R. N., Skowron, D. M., Skowron, J., 
Soszyσski, I., Szymaσski, M. K., Toonen, S., Udalski, A., Ulaczyk, K., Vink, J. S. and Wrona, M. (2022a) ‘An X-ray-quiet black hole born with a 
negligible kick in a massive binary within the Large Magellanic Cloud’, Nature Astronomy.

Shenar, T., Sana, H., Mahy, L., Maíz Apellániz, J., Crowther, P. A., Gromadzki, M., Herrero, A., Langer, N., Marchant, P., Schneider, F. R. N., Sen, 
K., Soszyσski, I. and Toonen, S. (2022b) ‘The Tarantula Massive Binary Monitoring: VI. Characterisation of hidden companions in 51 single-lined 
O-type binaries: A flat mass-ratio distribution and black-hole binary candidates’, Astronomy and Astrophysics, 665.

Sicard, M., Córdoba-Jabonero, C., López-Cayuela, M. A., Ansmann, A., Comerón, A., Zorzano, M. P., Rodríguez-Gómez, A. and Muñoz-Porcar, 
C. (2022) ‘Aerosol radiative impact during the summer 2019 heatwave produced partly by an inter-continental Saharan dust outbreak - Part 2: 
Long-wave and net dust direct radiative effect’, Atmospheric Chemistry and Physics, 22(3), pp. 1921-1937.

Sie, N. E., Cho, Y. T., Huang, C. H., Muñoz Caro, G. M., Hsiao, L. C., Lin, H. C. and Chen, Y. J. (2022) ‘Key Parameters Controlling the Photode-
sorption Yield in Interstellar CO Ice Analogs: The Influence of Ice Deposition Temperature and Thickness’, Astrophysical Journal, 938(1).

Silva, A. M., Faria, J. P., Santos, N. C., Sousa, S. G., Viana, P. T. P., Martins, J. H. C., Figueira, P., Lovis, C., Pepe, F., Cristiani, S., Rebolo, R., Allart, 
R., Cabral, A., Mehner, A., Sozzetti, A., Suárez Mascareño, A., Martins, C. J. A. P., Ehrenreich, D., Mégevand, D., Palle, E., Curto, G. L., Taberne-
ro, H. M., Lillo-Box, J., González Hernández, J. I., Zapatero Osorio, M. R., Hara, N. C., Nunes, N. J., Di Marcantonio, P., Udry, S., Adibekyan, V. 
and Dumusque, X. (2022) ‘A novel framework for semi-Bayesian radial velocities through template matching’, Astronomy and Astrophysics, 663.



Annual Report 2022

165
(Articles and Reviews)

Publications

Solano, E., Ulla, A., Perez-Fernández, E., Rodrigo, C., Oreiro, R., Aller, A., Manteiga, M., Santoveña-Gómez, R., Álvarez, M. A. and Dafonte, C. 
(2022) ‘Identification of new hot subdwarf binary systems by means of Virtual Observatory tools’, Monthly Notices of the Royal Astronomical So-
ciety, 514(3), pp. 4239-4245.

Solano, E., Villarroel, B. and Rodrigo, C. (2022) ‘Discovering vanishing objects in POSS I red images using the Virtual Observatory’, Monthly Notices 
of the Royal Astronomical Society, 515(1), pp. 1380-1391.

Somovilla, P., Rodríguez-Moreno, A., Arribas, M., Manrubia, S. and Lázaro, E. (2022) ‘Standing Genetic Diversity and Transmission Bottleneck Size 
Drive Adaptation in Bacteriophage Qσ’, International Journal of Molecular Sciences, 23(16).

Song, W., Maris, A., Rivilla, V. M., Fortuna, F., Evangelisti, L., Lv, D., Rodríguez-Almeida, L., Jiménez-Serra, I., Martín-Pintado, J. and Melandri, 
S. (2022) ‘Micro- and millimeter-wave spectra of five conformers of cysteamine and their interstellar search’, Astronomy and Astrophysics, 661.

Spina, L., Magrini, L., Sacco, G. G., Casali, G., Vallenari, A., Tautvaišiene, G., Jiménez-Esteban, F., Gilmore, G., Randich, S., Feltzing, S., Jeffries, 
R. D., Bensby, T., Bragaglia, A., Smiljanic, R., Carraro, G., Morbidelli, L. and Zaggia, S. (2022) ‘The Gaia -ESO Survey: Chemical tagging in the thin 
disk: Open clusters blindly recovered in the elemental abundance space’, Astronomy and Astrophysics, 668.

Spinoglio, L., Fernández-Ontiveros, J. A., Malkan, M. A., Kumar, S., Pereira-Santaella, M., Pérez-Díaz, B., Pérez-Montero, E., Krabbe, A., Vacca, 
W., Colditz, S. and Fischer, C. (2022) ‘SOFIA Observations of Far-IR Fine-structure Lines in Galaxies to Measure Metallicity’, Astrophysical Journal, 
926(1).

Statler, T. S., Raducan, S. D., Barnouin, O. S., DeCoster, M. E., Chesley, S. R., Barbee, B., Agrusa, H. F., Cambioni, S., Cheng, A. F., Dotto, E., 
Eggl, S., Fahnestock, E. G., Ferrari, F., Graninger, D., Herique, A., Herreros, I., Hirabayashi, M., Ivanovski, S., Jutzi, M., Karatekin, Ö., Lucchetti, A., 
Luther, R., Makadia, R., Marzari, F., Michel, P., Murdoch, N., Nakano, R., Ormö, J., Pajola, M., Rivkin, A. S., Rossi, A., Sánchez, P., Schwartz, S. 
R., Soldini, S., Souami, D., Stickle, A., Tortora, P., Trigo-Rodríguez, J. M., Venditti, F., Vincent, J. B. and Wünnemann, K. (2022) ‘After DART: Using 
the First Full-scale Test of a Kinetic Impactor to Inform a Future Planetary Defense Mission’, Planetary Science Journal, 3(10).

Stickle, A. M., DeCoster, M. E., Burger, C., Caldwell, W. K., Graninger, D., Kumamoto, K. M., Luther, R., Ormö, J., Raducan, S., Rainey, E., 
Schäfer, C. M., Walker, J. D., Zhang, Y., Michel, P., Owen, J. M., Barnouin, O., Cheng, A. F., Chocron, S., Collins, G. S., Davison, T. M., Dotto, E., 
Ferrari, F., Herreros, M. I., Ivanovski, S. L., Jutzi, M., Lucchetti, A., Martellato, E., Pajola, M., Plesko, C. S., Syal, M. B., Schwartz, S. R., Sunshine, J. 
M. and Wünnemann, K. (2022) ‘Effects of Impact and Target Parameters on the Results of a Kinetic Impactor: Predictions for the Double Asteroid 
Redirection Test (DART) Mission’, Planetary Science Journal, 3(11).

Sun, F., Egami, E., Fujimoto, S., Rawle, T., Bauer, F. E., Kohno, K., Smail, I., Pérez-González, P. G., Ao, Y., Chapman, S. C., Combes, F., Dessaug-
es-Zavadsky, M., Espada, D., González-López, J., Koekemoer, A. M., Kokorev, V., Lee, M. M., Morokuma-Matsui, K., Muñoz Arancibia, A. M., 
Oguri, M., Pelló, R., Ueda, Y., Uematsu, R., Valentino, F., Van Der Werf, P., Walth, G. L., Zemcov, M. and Zitrin, A. (2022) ‘ALMA Lensing Cluster 
Survey: ALMA-Herschel Joint Study of Lensed Dusty Star-forming Galaxies across z ≃ 0.5 - 6’, Astrophysical Journal, 932(2).

Suárez Mascareño, A., Damasso, M., Lodieu, N., Sozzetti, A., Béjar, V. J. S., Benatti, S., Zapatero Osorio, M. R., Micela, G., Rebolo, R., Desidera, 
S., Murgas, F., Claudi, R., González Hernández, J. I., Malavolta, L., Burgo, C., D’Orazi, V., Amado, P. J., Locci, D., Tabernero, H. M., Marzari, 
F., Aguado, D. S., Turrini, D., Cardona Guillén, C., Toledo-Padrón, B., Maggio, A., Aceituno, J., Bauer, F. F., Caballero, J. A., Chinchilla, P., Es-
parza-Borges, E., González-Álvarez, E., Granzer, T., Luque, R., Martín, E. L., Nowak, G., Oshagh, M., Pallé, E., Parviainen, H., Quirrenbach, A., 
Reiners, A., Ribas, I., Strassmeier, K. G., Weber, M. and Mallonn, M. (2022) ‘Rapid contraction of giant planets orbiting the 20-million-year-old star 
V1298 Tau’, Nature Astronomy, 6(2), pp. 232-240.

Szabó, G. M., Garai, Z., Brandeker, A., Gandolfi, D., Wilson, T. G., Deline, A., Olofsson, G., Fortier, A., Queloz, D., Borsato, L., Kiefer, F., Lecavelier 
Des Etangs, A., Lendl, M., Serrano, L. M., Sulis, S., Ulmer Moll, S., Van Grootel, V., Alibert, Y., Alonso, R., Anglada, G., Bárczy, T., Barrado Y 
Navascues, D., Barros, S. C. C., Baumjohann, W., Beck, M., Beck, T., Benz, W., Billot, N., Bonfanti, A., Bonfils, X., Broeg, C., Cabrera, J., Charnoz, 
S., Collier Cameron, A., Csizmadia, S., Davies, M. B., Deleuil, M., Delrez, L., Demangeon, O., Demory, B. O., Ehrenreich, D., Erikson, A., Fossati, 
L., Fridlund, M., Gillon, M., Güdel, M., Heng, K., Hoyer, S., Isaak, K. G., Kiss, L. L., Laskar, J., Lovis, C., Magrin, D., Maxted, P. F. L., Mecina, M., 
Nascimbeni, V., Ottensamer, R., Pagano, I., Pallé, E., Peter, G., Piotto, G., Pollacco, D., Ragazzoni, R., Rando, N., Rauer, H., Ribas, I., Santos, 
N. C., Sarajlic, M., Scandariato, G., Ségransan, D., Simon, A. E., Smith, A. M. S., Sousa, S. G., Steller, M., Thomas, N., Udry, S., Verrecchia, F., 
Walton, N. and Wolter, D. (2022) ‘Transit timing variations of AU Microscopii b and c’, Astronomy and Astrophysics, 659.

Sánchez-García, M., García-Burillo, S., Pereira-Santaella, M., Colina, L., Usero, A., Querejeta, M., Alonso-Herrero, A. and Fuente, A. (2022a) ‘Spa-
tially resolved star-formation relations of dense molecular gas in NGC 1068’, Astronomy and Astrophysics, 660.



Annual Report 2022

166
Publications

Publicaciones

Sánchez-García, M., Pereira-Santaella, M., García-Burillo, S., Colina, L., Alonso-Herrero, A., Villar-Martín, M., Saito, T., Díaz-Santos, T., Piqueras 
López, J., Arribas, S., Bellocchi, E., Cazzoli, S. and Labiano, A. (2022b) ‘Duality in spatially resolved star formation relations in local LIRGs’, Astron-
omy and Astrophysics, 659.

Tabernero, H. M., Marfil, E., Montes, D. and González Hernández, J. I. (2022a) ‘STEPARSYN: A Bayesian code to infer stellar atmospheric param-
eters using spectral synthesis’, Astronomy and Astrophysics, 657.

Tabernero, H. M., Zapatero Osorio, M. R., Allende Prieto, C., González-Álvarez, E., Sanz-Forcada, J., López-Gallifa, A., Montes, D., Del Burgo, C., 
González Hernández, J. I. and Rebolo, R. (2022b) ‘HORuS transmission spectroscopy and revised planetary parameters of KELT-7 b’, Monthly 
Notices of the Royal Astronomical Society, 515(1), pp. 1247-1265.

Tait, K. T., McCubbin, F. M., Smith, C. L., Agee, C. B., Busemann, H., Cavalazzi, B., Debaille, V., Hutzler, A., Usui, T., Kminek, G., Meyer, M. A., 
Beaty, D. W., Carrier, B. L., Haltigin, T., Hays, L. E., Cockell, C. S., Glavin, D. P., Grady, M. M., Hauber, E., Marty, B., Pratt, L. M., Regberg, A. B., 
Smith, A. L., Summons, R. E., Swindle, T. D., Tosca, N. J., Udry, A., Velbel, M. A., Wadhwa, M., Westall, F. and Zorzano, M. P. (2022) ‘Preliminary 
Planning for Mars Sample Return (MSR) Curation Activities in a Sample Receiving Facility (SRF)’, Astrobiology, 22(S1), pp. S57-S80.

Tice, M. M., Hurowitz, J. A., Allwood, A. C., Jones, M. W. M., Orenstein, B. J., Davidoff, S., Wright, A. P., Pedersen, D. A. K., Henneke, J., Tosca, 
N. J., Moore, K. R., Clark, B. C., McLennan, S. M., Flannery, D. T., Steele, A., Brown, A. J., Zorzano, M. P., Hickman-Lewis, K., Liu, Y., VanBom-
mel, S. J., Schmidt, M. E., Kizovski, T. V., Treiman, A. H., O’Neil, L., Fairén, A. G., Shuster, D. L. and Gupta, S. (2022) ‘Alteration history of Séítah 
formation rocks inferred by PIXL x-ray fluorescence, x-ray diffraction, and multispectral imaging on Mars’, Science Advances, 8(47).

Torres, S., Canals, P., Jimenez-Esteban, F. M., Rebassa-Mansergas, A. and Solano, E. (2022) ‘A population synthesis fitting of the Gaia resolved 
white dwarf binary population within 100 pc’, Monthly Notices of the Royal Astronomical Society, 511(4), pp. 5462-5474.

Torres-Vázquez, B., de Lucas, A. M., García-Crespo, C., García-Martín, J. A., Fragoso, A., Fernández-Algar, M., Perales, C., Domingo, E., Moreno, 
M. and Briones, C. (2022) ‘In vitro Selection of High Affinity DNA and RNA Aptamers that Detect Hepatitis C Virus Core Protein of Genotypes 1 to 
4 and Inhibit Virus Production in Cell Culture’, Journal of Molecular Biology, 434(7).

Tosca, N. J., Agee, C. B., Cockell, C. S., Glavin, D. P., Hutzler, A., Marty, B., McCubbin, F. M., Regberg, A. B., Velbel, M. A., Kminek, G., Meyer, M. 
A., Beaty, D. W., Carrier, B. L., Haltigin, T., Hays, L. E., Busemann, H., Cavalazzi, B., Debaille, V., Grady, M. M., Hauber, E., Pratt, L. M., Smith, A. 
L., Smith, C. L., Summons, R. E., Swindle, T. D., Tait, K. T., Udry, A., Usui, T., Wadhwa, M., Westall, F. and Zorzano, M. P. (2022) ‘Time-Sensitive 
Aspects of Mars Sample Return (MSR) Science’, Astrobiology, 22(S1), pp. S81-S111.

Turtelboom, E. V., Weiss, L. M., Dressing, C. D., Nowak, G., Palle, E., Beard, C., Blunt, S., Brinkman, C., Chontos, A., Claytor, Z. R., Dai, F., 
Dalba, P. A., Giacalone, S., Gonzales, E., Harada, C. K., Hill, M. L., Holcomb, R., Korth, J., Lubin, J., Masseron, T., Macdougall, M., Mayo, A. W., 
Moσnik, T., Akana Murphy, J. M., Polanski, A. S., Rice, M., Rubenzahl, R. A., Scarsdale, N., Stassun, K. G., Tyler, D. B., Zandt, J. V., Crossfield, I. 
J. M., Deeg, H. J., Fulton, B., Gandolfi, D., Howard, A. W., Huber, D., Isaacson, H., Kane, S. R., Lam, K. W. F., Luque, R., Martin, E. L., Morello, 
G., Orell-Miquel, J., Petigura, E. A., Robertson, P., Roy, A., Van Eylen, V., Baker, D., Belinski, A. A., Bieryla, A., Ciardi, D. R., Collins, K. A., Cutting, 
N., Della-Rose, D. J., Ellingsen, T. B., Furlan, E., Gan, T., Gnilka, C. L., Guerra, P., Howell, S. B., Jimenez, M., Latham, D. W., Larivière, M., Lester, 
K. V., Lillo-Box, J., Luker, L., Mann, C. R., Plavchan, P. P., Safonov, B., Skinner, B., Strakhov, I. A., Wittrock, J. M., Caldwell, D. A., Essack, Z., 
Jenkins, J. M., Quintana, E. V., Ricker, G. R., Vanderspek, R., Seager, S. and Winn, J. N. (2022) ‘The TESS-Keck Survey. XI. Mass Measurements 
for Four Transiting Sub-Neptunes Orbiting K Dwarf TOI-1246’, Astronomical Journal, 163(6).

Uscanga, L., Rizzo, J. R., Santander-García, M., Gómez, J. F., Miranda, L. F., Suárez, O., Boumis, P., Rodríguez, M. I., Ramos-Larios, G. and Cala, 
R. A. (2022) ‘Millimetre Observations of Maser-Emitting Planetary Nebulae’, Galaxies, 10(2).

Vakkada Ramachandran, A., Zorzano, M. P. and Martín-Torres, J. (2022) ‘Numerical heat transfer study of a space environmental testing facility 
using COMSOL Multiphysics’, Thermal Science and Engineering Progress, 29.

Vastel, C., Alves, F., Ceccarelli, C., Bouvier, M., Jiménez-Serra, I., Sakai, T., Caselli, P., Evans, L., Fontani, F., Le Gal, R., Chandler, C. J., Svoboda, 
B., Maud, L., Codella, C., Sakai, N., López-Sepulcre, A., Moellenbrock, G., Aikawa, Y., Balucani, N., Bianchi, E., Busquet, G., Caux, E., Charnley, 
S., Cuello, N., De Simone, M., Dulieu, F., Durán, A., Fedele, D., Feng, S., Francis, L., Hama, T., Hanawa, T., Herbst, E., Hirota, T., Imai, M., Isella, 
A., Johnstone, D., Lefloch, B., Loinard, L., Maureira, M., Murillo, N. M., Mercimek, S., Mori, S., Menard, F., Miotello, A., Nakatani, R., Nomura, H., 
Oba, Y., Ohashi, S., Okoda, Y., Ospina-Zamudio, J., Oya, Y., Pineda, J. E., Podio, L., Rimola, A., Cox, D. S., Shirley, Y., Testi, L., Viti, S., Watanabe, 
N., Watanabe, Y., Witzel, A., Xue, C., Zhang, Y., Zhao, B. and Yamamoto, S. (2022) ‘V. Hot methanol in the [BHB2007] 11 protobinary system; 
Hot corino versus shock origin’, Astronomy and Astrophysics, 664.

Velbel, M. A., Cockell, C. S., Glavin, D. P., Marty, B., Regberg, A. B., Smith, A. L., Tosca, N. J., Wadhwa, M., Kminek, G., Meyer, M. A., Beaty, D. 
W., Carrier, B. L., Haltigin, T., Hays, L. E., Agee, C. B., Busemann, H., Cavalazzi, B., Debaille, V., Grady, M. M., Hauber, E., Hutzler, A., McCubbin, 



Annual Report 2022

167
(Articles and Reviews)

Publications

F. M., Pratt, L. M., Smith, C. L., Summons, R. E., Swindle, T. D., Tait, K. T., Udry, A., Usui, T., Westall, F. and Zorzano, M. P. (2022) ‘Planning Impli-
cations Related to Sterilization-Sensitive Science Investigations Associated with Mars Sample Return (MSR)’, Astrobiology, 22(S1), pp. S112-S164.

Victoria-Ceballos, C. I., González-Martín, O., Fritz, J., Ramos Almeida, C., López-Rodríguez, E., García-Burillo, S., Alonso-Herrero, A., Martín-
ez-Paredes, M., Esparza-Arredondo, D. and Osorio-Clavijo, N. (2022) ‘The Complex Infrared Dust Continuum Emission of NGC 1068: Ground-
based N- and Q-band Spectroscopy and New Radiative Transfer Models’, Astrophysical Journal, 926(2).

Villarroel, B., Mattsson, L., Guergouri, H., Solano, E., Geier, S., Dom, O. N. and Ward, M. J. (2022a) ‘A glint in the eye: Photographic plate archive 
searches for non-terrestrial artefacts’, Acta Astronautica, 194, pp. 106-113.

Villarroel, B., Pelckmans, K., Solano, E., Laaksoharju, M., Souza, A., Dom, O. N., Laggoune, K., Mimouni, J., Guergouri, H., Mattsson, L., García, 
A. L., Soodla, J., Castillo, D., Shultz, M. E., Aworka, R., Comerón, S., Geier, S., Marcy, G. W., Gupta, A. C., Bergstedt, J., Bär, R. E., Buelens, B., 
Enriquez, E., Mellon, C. K., Prieto, A., Wamalwa, D. S., de Souza, R. S. and Ward, M. J. (2022b) ‘Launching the VASCO Citizen Science Project’, 
Universe, 8(11).

Vioque, M., Oudmaijer, R. D., Wichittanakom, C., Mendigutía, I., Baines, D., Paniσ, O., Iglesias, D., Miley, J. and Pérez-Martínez, R. (2022) ‘Identi-
fication and Spectroscopic Characterization of 128 New Herbig Stars’, Astrophysical Journal, 930(1).

Viscasillas Vázquez, C., Magrini, L., Casali, G., Tautvaišiene, G., Spina, L., Van Der Swaelmen, M., Randich, S., Bensby, T., Bragaglia, A., Friel, 
E., Feltzing, S., Sacco, G. G., Turchi, A., Jiménez-Esteban, F., D’Orazi, V., Delgado-Mena, E., Mikolaitis, Š., Drazdauskas, A., Minkeviσiσte, R., 
Stonkute, E., Bagdonas, V., Montes, D., Guiglion, G., Baratella, M., Tabernero, H. M., Gilmore, G., Alfaro, E., Francois, P., Korn, A., Smiljanic, R., 
Bergemann, M., Franciosini, E., Gonneau, A., Hourihane, A., Worley, C. C. and Zaggia, S. (2022) ‘The Gaia -ESO survey: Age-chemical-clock 
relations spatially resolved in the Galactic disc’, Astronomy and Astrophysics, 660.

Viúdez-Moreiras, D., de la Torre, M., Gómez-Elvira, J., Lorenz, R. D., Apéstigue, V., Guzewich, S., Mischna, M., Sullivan, R., Herkenhoff, K., Toledo, 
D., Lemmon, M., Smith, M., Newman, C. E., Sánchez-Lavega, A., Rodríguez-Manfredi, J. A., Richardson, M., Hueso, R., Harri, A. M., Tamppari, 
L., Arruego, I. and Bell, J. (2022a) ‘Winds at the Mars 2020 Landing Site. 2. Wind Variability and Turbulence’, Journal of Geophysical Research: 
Planets, 127(12).

Viúdez-Moreiras, D., Lemmon, M., Newman, C. E., Guzewich, S., Mischna, M., Gómez-Elvira, J., Herkenhoff, K., Sánchez-Lavega, A., de la Torre, 
M., Rodríguez-Manfredi, J. A., Lorenz, R. D., Pla-García, J., Hueso, R., Richardson, M., Tamppari, L., Smith, M., Apéstigue, V., Toledo, D. and 
Bell, J. (2022b) ‘Winds at the Mars 2020 Landing Site: 1. Near-Surface Wind Patterns at Jezero Crater’, Journal of Geophysical Research: Planets, 
127(12).

Wang, C., Bai, Y., Yuan, H., Liu, J., Fernández-Ontiveros, J. A., Coelho, P. R. T., Jiménez-Esteban, F., Galarza, C. A., Angulo, R. E., Cenarro, A. 
J., Cristóbal-Hornillos, D., Dupke, R. A., Ederoclite, A., Hernández-Monteagudo, C., López-Sanjuan, C., Marín-Franch, A., Moles, M., Sodré, L., 
Ramió, H. V. and Varela, J. (2022) ‘J-PLUS: Support vector regression to measure stellar parameters’, Astronomy and Astrophysics, 664.

Wilson, T. G. and Goffo, E. and Alibert, Y. and Gandolfi, D. and Bonfanti, A. and Persson, C. M. and Collier Cameron, A. and Fridlund, M. and 
Fossati, L. and Korth, J. and Benz, W. and Deline, A. and Florén, H. G. and Guterman, P. and Adibekyan, V. and Hooton, M. J. and Hoyer, S. 
and Leleu, A. and Mustill, A. J. and Salmon, S. and Sousa, S. G. and Suarez, O. and Abe, L. and Agabi, A. and Alonso, R. and Anglada, G. and 
Asquier, J. and Bárczy, T. and Barrado Navascues, D. and Barros, S. C. C. and Baumjohann, W. and Beck, M. and Beck, T. and Billot, N. and 
Bonfils, X. and Brandeker, A. and Broeg, C. and Bryant, E. M. and Burleigh, M. R. and Buttu, M. and Cabrera, J. and Charnoz, S. and Ciardi, D. 
R. and Cloutier, R. and Cochran, W. D. and Collins, K. A. and Colón, K. D. and Crouzet, N. and Csizmadia, S. and Davies, M. B. and Deleuil, M. 
and Delrez, L. and Demangeon, O. and Demory, B. O. and Dragomir, D. and Dransfield, G. and Ehrenreich, D. and Erikson, A. and Fortier, A. and 
Gan, T. and Gill, S. and Gillon, M. and Gnilka, C. L. and Grieves, N. and Grziwa, S. and Güdel, M. and Guillot, T. and Haldemann, J. and Heng, K. 
and Horne, K. and Howell, S. B. and Isaak, K. G. and Jenkins, J. M. and Jensen, E. L. N. and Kiss, L. and Lacedelli, G. and Lam, K. and Laskar, 
J. and Latham, D. W. and Lecavelier Des Etangs, A. and Lendl, M. and Lester, K. V. and Levine, A. M. and Livingston, J. and Lovis, C. and Luque, 
R. and Magrin, D. and Marie-Sainte, W. and Maxted, P. F. L. and Mayo, A. W. and McLean, B. and Mecina, M. and Mékarnia, D. and Nascimbeni, 
V. and Nielsen, L. D. and Olofsson, G. and Osborn, H. P. and Osborne, H. L. M. and Ottensamer, R. and Pagano, I. and Pallé, E. and Peter, G. 
and Piotto, G. and Pollacco, D. and Queloz, D. and Ragazzoni, R. and Rando, N. and Rauer, H. and Redfield, S. and Ribas, I. and Ricker, G. R. 
and Rieder, M. and Santos, N. C. and Scandariato, G. and Schmider, F. X. and Schwarz, R. P. and Scott, N. J. and Seager, S. and Ségransan, 
D. and Serrano, L. M. and Simon, A. E. and Smith, A. M. S. and Steller, M. and Stockdale, C. and Szabó, G. and Thomas, N. and Ting, E. B. and 
Triaud, A. H. M. J. and Udry, S. and Van Eylen, V. and Van Grootel, V. and Vanderspek, R. K. and Viotto, V. and Walton, N. and Winn, J. N. (2022) 
‘A pair of sub-Neptunes transiting the bright K-dwarf TOI-1064 characterized with CHEOPS’, Monthly Notices of the Royal Astronomical Society, 
511(1), pp. 1043-1071.



Annual Report 2022

168
Publications

Publicaciones

Wong, G. M., Franz, H. B., Clark, J. V., McAdam, A. C., Lewis, J. M. T., Millan, M., Ming, D. W., Gomez, F., Clark, B., Eigenbrode, J. L., Navar-
ro-González, R. and House, C. H. (2022a) ‘Oxidized and Reduced Sulfur Observed by the Sample Analysis at Mars (SAM) Instrument Suite on the 
Curiosity Rover Within the Glen Torridon Region at Gale Crater, Mars’, Journal of Geophysical Research: Planets, 127(9).

Wong, I., Chachan, Y., Knutson, H. A., Henry, G. W., Adams, D., Kataria, T., Benneke, B., Gao, P., Deming, D., López-Morales, M., Sing, D. 
K., Alam, M. K., Ballester, G. E., Barstow, J. K., Buchhave, L. A., Dos Santos, L. A., Fu, G., Munõz, A. G., MacDonald, R. J., Mikal-Evans, T., 
Sanz-Forcada, J. and Wakeford, H. R. (2022b) ‘The Hubble PanCET Program: A Featureless Transmission Spectrum for WASP-29b and Evidence 
of Enhanced Atmospheric Metallicity on WASP-80b’, Astronomical Journal, 164(1).

Wynne, J. J., Titus, T. N., Agha-Mohammadi, A. A., Azua-Bustos, A., Boston, P. J., de León, P., Demirel-Floyd, C., De Waele, J., Jones, H., 
Malaska, M. J., Miller, A. Z., Sapers, H. M., Sauro, F., Sonderegger, D. L., Uckert, K., Wong, U. Y., Alexander, E. C., Jr., Chiao, L., Cushing, G. E., 
DeDecker, J., Fairén, A. G., Frumkin, A., Harris, G. L., Kearney, M. L., Kerber, L., Léveillé, R. J., Manyapu, K., Massironi, M., Mylroie, J. E., Onac, 
B. P., Parazynski, S. E., Phillips-Lander, C. M., Prettyman, T. H., Schulze-Makuch, D., Wagner, R. V., Whittaker, W. L. and Williams, K. E. (2022) 
‘Fundamental Science and Engineering Questions in Planetary Cave Exploration’, Journal of Geophysical Research: Planets, 127(11).

Yan, F., Reiners, A., Palle, E., Shulyak, D., Stangret, M., Molaverdikhani, K., Nortmann, L., Molliere, P., Henning, T., Casasayas-Barris, N., Cont, 
D. , Chen, G., Czesla, S., Sanchez-Lopez, A., Lopez-Puertas, M., Ribas, I., Quirrenbach, A., Caballero, J. A., Amado, P. J., Galadi-Enriquez, D., 
Khalafinejad, S., Lara, L. M., Montes, D., Morello, G., Nagel, E., Sedaghati, E., Zapatero Osorio, M. R. and Zechmeister, M. (2022) ‘Detection of 
iron emission lines and a temperature inversion on the dayside of the ultra-hot Jupiter KELT-20b’, Astronomy and Astrophysics, 659.

Yang, L., Shu, X., Zhang, F., Chandola, Y., Liu, D., Liu, Y., Gu, M., Giustini, M., Jiang, N., Li, Y. P., Li, D., Elbaz, D., Juneau, S., Pannella, M., Sun, 
L., Tang, N., Wang, T. and Zhou, H. (2022) ‘Compact and Variable Radio Emission from an Active Galaxy with Supersoft X-Ray Emission’, Astro-
physical Journal, 935(2).

Zaki, A. S., Davis, J. M., Edgett, K. S., Giegengack, R., Roige, M., Conway, S., Schuster, M., Gupta, S., Salese, F., Sangwan, K. S., Fairén, A. G., 
Hughes, C. M., Pain, C. F. and Castelltort, S. (2022) ‘Fluvial Depositional Systems of the African Humid Period: An Analog for an Early, Wet Mars 
in the Eastern Sahara’, Journal of Geophysical Research: Planets, 127(5).

Zurita-Zurita, S., de la Torre Juárez, M., Newman, C. E., Viúdez-Moreiras, D., Kahanpää, H. T., Harri, A. M., Lemmon, M. T., Pla-García, J. and 
Rodríguez-Manfredi, J. A. (2022) ‘Mars Surface Pressure Oscillations as Precursors of Large Dust Storms Reaching Gale’, Journal of Geophysical 
Research: Planets, 127(8).

Books
“101 Conceptos Básicos de Astrobiología” 

(eds. D. Barrado y S. Cabañero) 

INTA, Ministerio de Defensa (2022)

Deposito legal: M 31082-2022

ISBN: 978-84-9091-727-5

Contribuited by almost all CAB researchers

Descubriendo Galaxias, Almudena Alonso Herrero y Jesús Romero, Editorial: Next door Publishers. ISBN: 978-84-125659-6-6

Reflejos del Cosmos en el Museo del Prado, Montserrat Villar, Editorial: Museo del Prado. ISBN: 9788484805748
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Outreach
Ester Lázaro. ¿Qué implicaciones científicas y morales tendría descubrir vida extraterrestre? Filosofía and Co (2022).

Ester Lázaro. Virus, bacterias y Darwin. Muy Interesante (Edición coleccionista) (2022)

Ester Lázaro. Los problemas actuales de las mujeres en la ciencia. The Conversation (2022)  

Ester Lázaro.  Interview published in the web page of  CSIC (2022) https://www.csic.es/es/actualidad-del-csic/ester-lazaro-la-vida-en-otros-plan-
etas-podria-ser-completamente-diferente-pero

Ester Lázaro. ¿Podemos predecir la evolución de los virus? The Conversation (2022)

Ester Lázaro. ¿Será Ómicron el final de la pandemia? The Conversation (2022) 

Ester Lázaro.  Interview published in Nius Diario. (2022)

Ester Lázaro. Participation in the master’s degree in Virology (Universidad Complutense de Madrid) with the lecture entitled “Evolución experimental 
con bacteriófagos”. April 2022

Ester Lázaro. Participation in the master’s degree in Microbiology (Universidad Autónoma de Madrid) with the lecture entitled “Enfermedades virales 
emergentes” January 2022

Ester Lázaro. Conference: “La búsqueda de vida en otros mundos”. Jornadas de la Red Andaluza de Astronomía. Sevilla (2022)

Ester Lázaro. Lecture in the course. “Historia de la Biología y la Evolución” Degree in Biology (Universidad Autónoma de Madrid). September 2022

Ester Lázaro. Participation in the master’s degree in Advanced Biology. (Doctorate Program in Integrated Biology, Universidad de Sevilla) January 
2022

Ester Lázaro. Conference: “La búsqueda de vida fuera de la Tierra” Ciclo de conferencias “Mirando al Cielo”. Córdoba (2022)

Ester Lázaro. Conference: “La búsqueda de vida en otros mundos”. TEDxSaintLouisUniversityMadrid (2022)

Ester Lázaro. Organization of the event “Ellas son CAB” (2022), held at CAB to celebrate the “Día Internacional de la Mujer y la Niña en la Ciencia”.

Ester Lázaro. Member of the central team of the Project “Cultura con C de Cosmos” (II Edition). Among the most noteworthy activities are the 
participation in a discussion at Café Gijón. (Vida en otros mundos: un diálogo entre ciencia y filosofía) and a live performance on YouTube (Vida 
(extra)terrestre).

Ester Lázaro. Interview for the radio program Sapiens (RNE, 2022)

Ester Lázaro. Interview for the radio program La rosa de los vientos (Onda Cero, 2022)

Ester Lázaro. Intervention in the program Cámara abierta (TVE, 2022)

Ester Lázaro. Participation in the round table organized by AFI Escuela “MujeresQueTransforman: La presencia femenina en las carreras STEM”. 
(February, 2022)

Ester Lázaro. Collaboration in the series of scientific conferences of the CSIC for the educational system of the Community of Madrid. 

Ester Lázaro. Contribution to the book “101 Conceptos Básicos de Astrobiología” (eds. D. Barrado y S. Cabañero), Ed. INTA/Ministerio de Defensa 
(2022), ISBN: 978-84-9091-727-5

Carlos Briones. Scientific advisor and scriptwriter (in Spanish and English) for the animation video ‘El origen de la vida’ / ‘The origin of life’, produced 
in 2022 by the company Labestiaproduce (https://labestiaproduce.com/) for the CSIC LifeHUB.CSIC initiative. Links: https://www.youtube.com/
watch?v=ZhFz9BgkJAAS (Spanish), https://www.youtube.com/watch?v=i2dmNGNG3rE (English).

Carlos Briones. Participation in the Round Table ‘¿Estamos solos en el universo?’ at the Valladolid Book Fair, together with Juan Ángel Vaquerizo, 
Eva Villaver and Inés Rodríguez (June 12, 2022; https://www.youtube.com/watch?v=rocsg7lTQeU). 

Carlos Briones. Public outreach talk (together with José Antonio Rodríguez Manfredi) ‘En busca de vida en Marte: nuevas misiones y nuevos retos’, 
as part of the cultural activities of the Universidad Internacional Menéndez Pelayo (Palacio de la Magdalena, Santander, June 29, 2022; https://
uimptv.es/en-busca-de-vida-en-marte-nuevas-misiones-y-nuevos-retos/).
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Carlos Briones and Luis Colina. Interview by Lorenzo Milá in the program ‘Objetivo Planeta’ (Televisión Española, Canal 24 horas): ‘Telescopio 
James Webb: ¿Qué avances aporta a la búsqueda de vida en el Universo?’ (July 21, 2022; https://www.youtube.com/watch?app=desktop&v=_
60jg5JOD9c).

Carlos Briones. Public outreach talk (together with Ricardo Amils) ‘Extremófilos… ¿y extraterrestres?’ at the event ‘Ciencia Contigo’, organized by 
the Centro de Biología Molecular Severo Ochoa (CBMSO, CSIC-UAM) at the Residencia de Estudiantes CSIC (November 26, 2022; https://www.
cbm.uam.es/images/eventos/seminarios/2022/programainfo.pdf).

Book ‘Astrobiology 101 concepts’. Ed. INTA, Madrid, 2022. ISBN: 978-84-9091-727-5. Chapters: ‘LUCA’, ‘Mutation’ and ‘Informational poly-
mers’ (Carlos Briones); ‘Metabolism’ (Yolanda Blanco and Mercedes Moreno-Paz). Link:  https://cab.inta-csic.es/wp-content/uploads/2023/03/
INTA_101-conceptos-basicos-de-astrobiologia_interactivo.pdf

- Barrado D, et al. 101 Conceptos básicos de Astrobiología. Astrobiology 101. Barrado D. and Cabañero S. (eds.). 2022. Instituto Nacional de 
Técnica Aeroespacial (INTA).

Activity: “MicroMundo@UCM: research and awareness against the silent pandemic of antibiotic resistance”, awarded by the Complutense Univer-
sity of Madrid in the call for Service-Learning Projects. 2021/2022. Patricia de Francisco Martínez y Carolina González de Figueras

Activity: “Programa Investiga I+D+i” (https://www.programainvestiga.org). Edición 2021-2022. Fundación San Patricio. Collaboration as expert 
researcher on space issues to advise students in their 4th year of secondary school to prepare a project about Space Science. 24/06/2022. José 
Eduardo Gonzalez Pastor, Jorge Díaz-Rullo Aroco, Carolina González de Figueras. 

Conference titled ”El potencial oculto de los microorganismos extremófilos: de la PCR al sistema de edición génica CRISPR”. Biotecnología para 
todo(s). Santander. Universidad de Cantabria (UNICAN).  05/05/2022, José Eduardo Gonzalez Pastor.

Nota de prensa metano Marte: https://cab.inta-csic.es/noticias/el-metano-detectado-por-el-rover-curiosity-se-emitiria-desde-una-fuente-cerca-
na-localizada-en-el-crater-gale-de-marte/52/

Charlas divulgativas en colegios e institutos: CEIP Enrique Ramos (marzo 2022), IES Virgen del Rosario (mayo 2022).

Instituto de Ingeniería de España, Congreso de Ingeniería Espacial, junio 2022, Perseverance e Ingenuity. Contribuciones españolas.

Encuentro UCM Ages of Mars, julio 2022, Spain on Mars.

UAH Máster en Ciencia y Tecnología desde el Espacio, abril 2022, Últimos avances en la exploración de Marte. Persevereance.

UCM Instituto Pluridisciplinar, junio 2022, Retos en la exploración de Marte.

Participación en la Escuela de verano de Astrobiología de UIMP, junio 2022, Martian atmosphere and importance for habitability.

UIMP Encuentros en los Cursos de verano, junio 2022, En busca de vida en Marte. Nuevas misiones y retos.

Columna mensual de astrobiología de la revista nacional de divulgación Astronomía:

Junio 2022: EL DESCONOCIDO CICLO DEL CARBONO EN MARTE

Julio-Agosto 2022: SIMBIOSIS ATMÓSFERA-BIOSFERA

Septiembre 2022: UNA DÉCADA CURIOSEANDO MARTE

Octubre 2022: LA IMPORTANCIA DEL AGUA LÍQUIDA EN ASTROBIOLOGÍA

Noviembre 2022: EL LEGADO DE DRAKE

Diciembre 2022: MARTE EN LA TIERRA

Contertulio en el especial “Rumbo a Marte” del canal de YouTube SpaceXStorm (63.000 suscriptores). 20 diciembre 2022: https://www.youtube.
com/live/0WVPY_fUxZw?feature=share 

Entrevistado en el episodio especial 100 del podcast Radio Skylab: http://radioskylab.es/2022/09/01/100-exosfera/ 

Conferencia divulgativa en las Jornadas Andaluzas de Astronomía. 23-25 septiembre de 2022: https://www.tomares.es/vive-tomares/noticias/
tomares-acoge-este-domingo-25-de-septiembre-la-clausura-de-las-viii-jornadas 

Premio “Jose Luis Comellas” de Divulgación de la Astronomía, 2022.

Los directos de Cultura con C de Cosmos: Exoplanetas. 4 de mayo de 2022: https://www.youtube.com/live/ama0SN_09QY?feature=share 
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Participación en la Mesa redonda ‘Misiones a Marte: sueños presentes y futuros’. Museo de Ciencia de Valladolid. 2 de junio de 2022: https://
youtu.be/zHQG_y6otZs 

Charla divulgativa en Curso de verano de la UCM en Robledo de Chavela (2022): https://tribuna.ucm.es/news/curso-artemisa-2024 

Charla divulgativa en el congreso Space and Underwater Tourism Universal Summit: https://sutusummit.com/web/wp-content/uploads/2022/08/
D3_SUTUS22_30_09.pdf 

Autor del prólogo del libro “Marte. El enigmático planeta rojo” de Antonio Pérez-Verde

Entrevista en Nobbot: https://www.nobbot.com/seleccion-astronautas-de-la-esa/ 

Entrevista en El Mundo: https://www.elmundo.es/ciencia-y-salud/ciencia/2022/10/10/6343ff8ffc6c83040f8b4592.html 

Entrevista en La Razón: https://www.larazon.es/madrid/20221024/46sddvltsvez5c4upln35ye5ii.html 

Entrevista en El Debate: 
https://www.eldebate.com/sociedad/20220206/jorge-garcia-pla-miembro-misiones-nasa-marte-colonizar-marte-siglo-xxii-xxiii-vez.html 

Entrevista en Telemadrid:  
https://www.telemadrid.es/programas/madrid-directo/proceso-seleccion-astronauta-2-2414778528--20220115093757.html

Cañadas. English: 24 January 2022: UCL website, British Geological Survey website.

Cañadas: 28 January: CAB website, CAB linkedin and facebook profiles, Diario de Sevilla, Investopi website. 

Fairén. El rover Curiosity no ha encontrado vida en Marte, pero eso hay que demostrarlo. El País, 8 de febrero.

Fairén. El origen de los elementos en la Tierra (Astronomía, Nº 270. Enero 2022).

Fairén. Revelados los primeros 200 metros de la subsuperficie de Marte (Astronomía, Nº 271. Febrero 2022).

Fairén. Metanógenos en la Tierra (¿y en Marte?) hace 3.500 millones de años (Astronomía, Nº 272. Marzo 2022).

Fairén. Las mutaciones genéticas no son del todo aleatorias (Astronomía, Nº 273. Abril 2022). 

Reflections of the Cosmos in the Museo del Prado

In a perfect symbiosis with science, this route reflects how the art of the past recorded the changes that our perception of the cosmos has under-
gone over the centuries. Designed by the astrophysicist Montserrat Villar, it proposes a journey through 21 works from the permanent collection 
of the Museo Nacional del Prado, that was shown from July 11 to October 16, 2022. The book “Reflections of the Cosmos” authored by Villar 
accompanies the itinerary. With the support of American Friends of the Prado Museum and the Arthur & Holly Magill Foundation. 

WEAVE First Light, CAB Press Release (12/2022). Luca Costantin, Jesús Maiz Apellániz

Entrevista en el programa Objetivo Planeta de Lorenzo Milá en el canal TVE 24h, Luis Colina

Entrevista en el programa Objetivo Planeta de Lorenzo Milá en el canal TVE 24h, Montserrat Villar

Entrevista en el programa A hombros de gigantes de Manuel Seara en el canal de Radiotelevisión española Radio 5, Luis Colina
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Entrevista en el programa Sapiens de Paula Aller de Radio Nacional, Almudena Alonso Herrero

Entrevista en el programa de radio Principio de Incertidumbre de Canal Extremadura, Bruno Rodríguez Del Pino

Colaboración habitual de Montserrat Villar en el programa A Hombros de Gigantes. Responsable de la sección de Astronomía.

Entrevistas en El Mundo, ABC, RNE, Cadena Cope, Onda Cero, etc a Montserrat Villar, así como en podcasts diversos

Dirección de la tercera edición de “Cultura con C de Cosmos” por Montserrat Villar celebrada de marzo a junio de 2022.

Entrevista radiofónica en el Canal UNED sobre la exposición AstrónomAs, Miguel Cerviño, 24-03-2022

Cuando la Luna perdió su pureza, Montserrat Villar Martín, curso “Enfoques”, Museo del Prado.

Una mirada española en el telescopio espacial James Webb, Almudena Alonso Herrero, Actividades 11F – SOMMA, on-line

Las galaxias y sus agujeros negros, Almudena Alonso Herrero , Ciclo “Ventanas del Universo”, CaixaForum, Madrid

El telescopio espacial James Webb: una nueva era para la astronomía infrarroja, Almudena Alonso Herrero , IACTec, Tenerife

Primeras observaciones del telescopio espacial James Webb: de los exoplanetas a las galaxias más lejanas, Almudena Alonso Herrero, Real 
Academia de Ciencias Exactas, Físicas y Naturales, Madrid

Preparándonos para observer galaxias y agujeros negros supermasivos con el telescopio espacial James Webb, Almudena Alonso Herrero , Ciclo 
“Cita con las Estrellas”, Málaga

Descubriendo un nuevo universo con el telescopio espacial James Webb, Almudena Alonso Herrero, Planetario de Madrid

Pequeña introducción a la astronomía: un paseo por el Universo, Giovanni Miniutti, Catálogo de conferencias científicas del CSIC dirigidas a cen-
tros educativos de la Comunidad de Madrid  

IES Humanes, 13/02/2022

IES Miguel de Cervantes, 10/02/2022

IES Francisco de Quevedo, 14/03/2022

CEPA Buen Gobernador, 17/02/2022

CEIP Pedro Muñoz Seca, 27/04/2022

CEPA El Pontón, 20/10/2022

IES Palomeras Vallecas, 15/12/2022

Escuela Waldorf de Aravaca, 15/12/2022

Agujeros Negros: un viaje al borde del abismo, Giovanni Miniutti, Catálogo de conferencias científicas del CSIC dirigidas a centros educativos de 
la Comunidad de Madrid  

IES Altaír, 25/03/2022

IES San Cristóbal de los Ángeles, 19/05/2022

CEIPSO Príncipe don Felipe, 26/10/2022

IES Prado de Santo Domingo, 09/12/2022

Asomándonos al origen del Universo: el telescopio espacial James Webb, Bruno Rodríguez Del Pino, Catálogo de conferencias científicas del 
CSIC dirigidas a centros educativos de la Comunidad de Madrid  

IES Marqués de Suances, 22/12/2022

IES Humanes, 21/20/2022

Asomándonos al origen del Universo: el telescopio espacial James Webb. Javier Álvarez-Márquez y Bruno Rodríguez Del Pino, V Semana de la 
Ciencia del Valle de Benasque. Centro de Ciencias Pedro Pascual. 19/11/2022. 

- Ignacio Mendigutía: Press release CAB (June/2022): “Las inmensas ‘guarderías de formación estelar y planetaria”

https://cab.inta-csic.es/noticias/las-inmensas-guarderias-de-formacion-estelar-y-planetaria/52/
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- Miriam García: 11F campaign CSIC

- Miriam García: article for newspaper El País 

https://elpais.com/ciencia/las-cientificas-responden/2022-07-19/como-se-sabe-la-edad-de-una-estrella.html

- Press release for paper Lorenzo+ 2022:

https://cab.inta-csic.es/noticias/primer-catalogo-extenso-de-estrellas-masivas-muy-bajas-en-metales/39/

- Marta Lorenzo and Miriam García: interview at Radio Exterior Marca España

https://www.rtve.es/play/audios/marca-espana/marca-espana-cab-lidera-estudio-sobre-estrellas-masivas-25-10-22/6721012/

- Miriam García, interview for Radio show “Entre probetas”

https://www.rtve.es/play/audios/entre-probetas/entre-probetas-planetas-para-todos-gustos/6736371/

- Marta Lorenzo: science nugget for CAB’s website

https://cab.inta-csic.es/wp-content/uploads/2022/11/SexACat_ScienceNugget_vFF.pdf

https://cab.inta-csic.es/noticias/las-inmensas-guarderias-de-formacion-estelar-y-planetaria/52/

- José A. Caballero, Hoy no es 29 de febrero, Longitud de Onda, Radio Clásica https://www.rtve.es/play/audios/longitud-de-onda/hoy-no-29-
febrero/6819225/

- José A. Caballero, Antonio Arias, Anni B Sweet, JJ Machuca, Isabel Daza, “Astrobioconcierto”, Fuencaliente, La Palma https://www.eltime.es/
isla-bonita/44201-la-palma-sera-esta-primavera-la-capital-mundial-de-la-astrobiologia.html

- José A. Caballero, Carlos Briones, “Astrobioconferencia”, Santa Cruz de La Palma https://www.eltime.es/isla-bonita/44201-la-palma-sera-es-
ta-primavera-la-capital-mundial-de-la-astrobiologia.html

- José A. Caballero, CARMENES DR1 press release: Telediario 1 &2 (La 1), La rosa de los vientos (Onda Cero), Longitud de onda (Radio 3), Gente 
despierta (Radio 1) https://carmenes.caha.es/ext/pressreleases/GJ486/

- David Barrado y Susana Cabañero (eds). 2022. “101 Conceptos Básicos de Astrobiología”, 

Instituto Nacional de Té.cnica Aeroespacial. ISBN 978-84-9091-727-5

https://cab.inta-csic.es/libros/101-conceptos-basicos-de-astrobiologia/ DESCARGA GRATUITA 

- Cultura con C de Cosmos: Spring 2022 edition of this activity on the topic “Life”

https://culturaccosmos.es/

- David Barrado: “James Webb: la joya de la corona”

https://www.abc.es/ciencia/abci-david-barrado-james-webb-joya-corona-202112250029_noticia.html

- David Barrado and Victor Parro: “La primera vuelta al mundo desde la perspectiva del siglo XXI y la exploración espacial”

https://www.abc.es/ciencia/primera-vuelta-mundo-perspectiva-siglo-exploracion-espacial-20220909160124-nt.html

- David Barrado: The Conversation, all articles in:

https://theconversation.com/profiles/david-barrado-navascues-524504/articles

- David Barrado: “Hoy empieza todo”, Radio 3, RTVE, interview about his book “Peligros cósmicos”

https://www.rtve.es/play/audios/hoy-empieza-todo-2/peligros-cosmicos-2022-01-17t10-29-39660/6295597/

- David Barrado: “La entrevista de Radio 5”, RTVE. Interview about the James Webb Space Telescope.

https://www.rtve.es/play/audios/la-entrevista-de-radio-5/entrevista-radio-5-david-barrado/6366798/

- David Barrado: “A hombros de gigantes”, RTVE: “¿Qué tiempo hace en el exoplaneta WASP-39”

https://www.rtve.es/play/audios/a-hombros-de-gigantes/hombros-gigantes-tiempo-hace-exoplaneta-wasp-39-03-12-22/6750225/

SASDABA: 
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The SASDABA project (Star Analyser Spectroscopic DataBAse) is an All Sky Bright Stars (V<5) spectroscopic survey from both hemispheres. 
The project is being developed by the Spanish Virtual Observatory and the Garraf Astronomical Observatory (OAG). It aims at providing raw and 
reduced data from original observations to be used in basic spectroscopic analysis and stellar classification by teachers, students, and amateur 
astronomers. Our activity in 2022 has focused on the ingestion of new datasets and the implementation of new functionalities (“search by observ-
er”) in the data archive. 

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 2022 we organize two schools focused on master/PhD students and early-career researchers:

XXII SVO School

II ESCAPE science with interoperable data 

and participate in two other schools. 

I Escuela Latinoamericana de Gaia

Eclipsing binaries and Asteroseismology

Other VO school-related activities
Micro-curso VOV: “Taller remoto sobre Observatorio Virtual III. VOSA” (P. Cruz).

Development of a new tutorial: VO with Python: working with PyVO and MOCPy (P. Mas). 

Papers

ProAm Commission of the Spanish Astronomical Society: assessment of ProAm collaboration in Spain and how to improve it 

Talks.

“Actividades Pro-Am en el marco del Observatorio Virtual” (E. Solano)

“O Universo é mais incrível ainda - James Webb” (P. Cruz)

“Exoplanetas: mundos fuera de la Tierra” y “Un día en la vida de un astrónomo” (M. Cruz Gálvez). 

Courses

Title: “Experto en Astronomía” (Universidad Católica de Murcia)

Subject: “Observatorio Virtual” (E. Solano).

Women promotion in STEM

Chatea con una astrónoma  (P. Cruz)

Co-coordination “Astrominas 2022” (P. Cruz)

Participation  in the “II Premio Javier Gorosabel de Colaboración ProAm”.

Contribution to Astroparsec (P. Cruz)

Management of the @obsvirtesp Twitter account 

Press releases

Las inmensas “guarderías” de formación estelar y planetaria. 

Primera detección de moléculas con silicio y azufre en eta Carina, una potente estrella de granmasa a punto de explotar como supernova

¿Puede una estrella desaparecer sin dejar rastro?
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Radio Euskadi

Onda Regional de Murcia

Citizen-science: near-Earth asteroid precovery

Ingestion of a new survey: JPLUS-DR2

Collaboration with high schools

27/10/2022 - El Confidencial https://www.elconfidencial.com/tecnologia/ciencia/2022-10-27/meteoritos-marte-insight-planeta-sistema-solar-na-
sa_3513814/

27/10/2022 - El País https://elpais.com/ciencia/2022-10-27/dos-meteoritos-caidos-en-marte-en-2021-desvelan-los-secretos-de-su-estructu-
ra-interna.html 

05/12/2022 - El País https://elpais.com/ciencia/2022-12-05/hallada-en-marte-una-zona-volcanica-tan-grande-como-europa-que-puede-entrar-
en-erupcion.html

05/12/2022 - Science Media Centre https://sciencemediacentre.es/reaccion-al-hallazgo-de-una-pluma-del-manto-activa-en-marte

M.I. Herreros, J. Ormö, “Misión DART: Cuenta atrás para el primer ensayo de defensa planetaria de la Tierra, artículo en la revista digital “The 
Conversation”, 2022; https://theconversation.com/mision-dart-cuenta-atras-para-el-primer-ensayo-de-defensa-planetaria-de-la-tierra-189495

M.I. Herreros, J. Ormö, “¡DART dio en el blanco! La primera misión de defensa planetaria de la historia ha impactado en el asteroide Dimorphos”, 
artículo en la revista digital “The Conversation”, 2022, https://theconversation.com/dart-dio-en-el-blanco-la-primera-mision-de-defensa-planetar-
ia-de-la-historia-ha-impactado-en-el-asteroide-dimorphos-190360

M.I. Herreros, J. Ormö, “DART ha desviado a Dimorphos de su órbita natural: podemos dormir más tranquilos ante el posible impacto de un 
asteroide en la Tierra”, artículo en la revista digital “The Conversation”, 2022; https://theconversation.com/dart-ha-desviado-a-dimorphos-de-su-
orbita-natural-podemos-dormir-mas-tranquilos-ante-el-posible-impacto-de-un-asteroide-en-la-tierra-192150

M.I. Herreros, J. Ormö, “Evitar lo inevitable: la misión DART, un experimento a escala planetaria para desviar asteroides”, artículo en el boletín de 
invierno de 2022 de la Sociedad Española de Astronomía, 2022; https://www.sea-astronomia.es/boletin/evitar-lo-inevitable-la-mision-dart-un-ex-
perimento-escala-planetaria-para-desviar-asteroides

Reacciones a la propuesta de que el relieve de la luna Europa puede deberse a la presencia de agua líquida Nombre del evento: reacciones smc.
es Tipo de evento: Entrevistas en medios comunicación Fecha de celebración: 19/04/2022 Entidad organizadora: Science Media Centre (SMC) 
Disponible en Internet en: <https://sciencemediacentre.es/reacciones-la-propuesta-de-que-el-relieve-de-laluna-europa-puede-deberse-la-pres-
encia-de-agua

El instrumento español para buscar vida en Marte se queda en tierra por la guerra en Ucrania Nombre del evento: noticia en SINC Tipo de evento: 
Entrevistas en medios comunicación Fecha de celebración: 18/03/2022 Entidad organizadora: Fundación Española para la Ciencia y la Tecnología 
“https://www.agenciasinc.es/en/view/content/302094/full/1/131601

Cañadas. English: 24 January 2022: UCL website, British Geological Survey website.

Cañadas: 28 January: CAB website, CAB linkedin and facebook profiles, Diario de Sevilla, Investopi website. 

Fairén. El rover Curiosity no ha encontrado vida en Marte, pero eso hay que demostrarlo. El País, 8 de febrero.

Fairén. El origen de los elementos en la Tierra (Astronomía, Nº 270. Enero 2022).

Fairén. Revelados los primeros 200 metros de la subsuperficie de Marte (Astronomía, Nº 271. Febrero 2022).

Fairén. Metanógenos en la Tierra (¿y en Marte?) hace 3.500 millones de años (Astronomía, Nº 272. Marzo 2022).

Fairén. Las mutaciones genéticas no son del todo aleatorias (Astronomía, Nº 273. Abril 2022). 
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International Congress committees – Session Conveners
--AbSciCon 2022 session organizer (Dr. F. Gómez): Acid Brines as Possible Habitable Environments and Organic Preservatives: Low Water Activity 
Niches. Atlanta (GA), May 2022.

--Sessions organizer (Dr. F. Gómez): EPSC LF1: Earth Analogues Session and EPSC AB1: Astrobiology Session

Short visits: 

Alberto Rebassa Mansergas (Universidad Politécnica de Cataluña). November 2nd-4th.

Formation
XVIII International School of Astrobiology «Josep Comas I Solà»: Searching for Life on Mars: Techniques 
and Challenges

Organizer: UIMP Santander

Place: Santander - Península de la Magdalena (Hall Real)

Direction: Rosaly M. Lopes (Jet Propulsion Laboratory NASA, USA) and Víctor Parro (Centro de Astrobiología, Spain)

Secretary: Carlos Briones (Centro de Astrobiología, Spain)

Teachers: 

• Mike Malaska: Jet Propulsion Laboratory, NASA, USA

• Melissa Rice: Western Washington University, USA

• Frances Westall: CNRS, France

• José Antonio Rodríguez Manfredi: Centro de Astrobiología, CAB (INTA-CSIC), Spain

In 2021, three different space missions successfully arrived at Mars, including the landing in Jezero crater by the NASA’s Perseverance rover, which 
is expected to significantly advance our search for life on the Red Planet. Perseverance is the first step of the Mars Sample Return (MSR) mission 
and will collect and cache samples for future return to Earth, where they can be analyzed in our laboratories. The Perseverance rover carries seven 
instruments to conduct important science and technology investigations while on the surface, including for the first time measurements using a 
Deep UV fluorescence and Raman mapping spectrometer able to detect organic molecules and their spatial distribution. Although the results 
alone cannot prove that biosignatures are present, they will be able to identify carbon-containing compounds and help classify contained organic 
functional groups. In parallel, the planned European Space Agency (ESA) ExoMars mission will include the Rosalind Franklin rover. ➛
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➛ The 2022 Summer School will review and assess the types of techniques that are necessary for detection of biosignatures on Mars, including 
Raman spectroscopy, the isotopic and chirality analyses that Rosalind Franklin rover will perform, and the advanced techniques needed to analyze 
samples both in-situ and in Earth-based laboratories. The central question will be “how can we unequivocally detect biosignatures on Mars?” 
and the discussions will involve in-situ rovers, sample collecting and return, laboratory analyses on Earth, and the experiments that future human 
explorers may be able to perform. The lectures will be focused on instrumentation, techniques, and the science they provide. In addition to them, 
during the week the students will participate in discussions about the theme, prepare and present group projects, and take part in an excursion 
to a relevant geological site near Santander..

EAI Academy 2022:
Organizers: EAI and CAB

Directed by: María Paz Zorzano, CAB

Classes:

• Exoplanet biomarkers: José A. Caballero Astrophysics Department CAB (Spain)

• The Pathway to Prebiotic Chemistry: molecular precursors from space: Victor Rivilla Astrophysics Department 
CAB (Spain)

• The Hidden Microbial Life in Earth’s Lava Caves: Implications for Life Detection on Extraterrestrial Bodies: Diana E. Northup Biology Department 
University of New Mexico (USA)

• Liquid water on Exoplanets and the Habitable Zone: Amri Wandel University of Jerusalem (Israel)

• The marine deep-subsurface biosphere: Jan Amend University of Southern California (USA)

• Hydrothermal systems - life in the dark: Anna Neubeck Uppsala University (Sweden)

• From the thermodynamic evolution of the protosolar nebula to the present-day composition of Jupiter: Olivier Mousis Aix-Marseille Université 
(France)

• Searching for evidence of life on subterranean Mars: Prospects and Challenges: Charity Philips-Lander South West Research Institute (USA)

• The habitability of Mars: a geophysical approach: Doris Breuer Institute of Planetary Research, DLR (Germany)

• Life inside the rocks: microbial diversity and metabolisms in the deep subsurface: Victor Parro Molecular Evolution Dpt. CAB (Spain)

• Deciphering Ocean Worlds in the lab: Olga Prieto-Ballesteros Planetology & Habitability Dpt. CAB (Spain)

• Under too little pressure - Hypopiezotolerant microorganisms as potential model organisms in Astrobiology: Dr. Petra Schwendner University 
of Florida (USA)

• Microbial life in extreme and dry environments on Earth: Dr. Kristina Beblo-Vranesevic DLR Cologne (Germany)

• Effect of saltation and abraded silicates on the survival of bacteria and as a sink of methane and carbon dioxide: Dr. Kai Finster Aarhus University 
(Denmark)

• The near surface environment of Mars: observations, laboratory simulations and Mars sample return: Dr. María-Paz Zorzano CAB (Spain)

• Acidophiles: low pH lovers. The Rio Tinto case and the Mars connection: Dr. Felipe Gómez CAB (Spain) 



Roque de los Muchachos Observatory.





Detail of the REMS wind and temperature sensors on Mars Credits: NASA/JPL-CALTECH/CAB
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28850 Torrejón de Ardoz, Madrid Spain
Tel: (+34) 915202107
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Conjunto de antenas de ALMA, el proyecto de astronomía más grande que existe, ubicado en la meseta de 
Chajnantor en los Andes chilenos. © Clem y Adri Bacri-Normier (wingsforscience.com) / ESO




