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INTRODUCCIÓN  

 

El Centro de Astrobiología (CAB) se fundó en 1999 como un Centro Mixto entre el 

Consejo Superior de Investigaciones Científicas (CSIC) y el Instituto Nacional de 

Técnica Aeroespacial (INTA). Localizado en el campus del INTA en Torrejón de Ardoz 

(Madrid), el CAB se convirtió en el primer centro fuera de los Estados Unidos asociado 

al recién creado NASA Astrobiology Institute (NAI), convirtiéndose en miembro formal 

en el año 2000. La Astrobiología considera la vida como una consecuencia natural de la 

evolución del Universo, y en el CAB trabajamos para estudiar el origen, evolución, 

distribución y futuro de la vida en el Universo, tanto en la Tierra como en entornos 

extraterrestres.   

La aplicación del método científico a la Astrobiología requiere la combinación de 

teoría, simulación, observación y experimentación. Esta aplicación de la Ciencia 

fundamental a las cuestiones de la Astrobiología es el principal objetivo del CAB. La 

organización multi- y transdiciplinar del Centro fomenta la interacción de los ingenieros 

con investigadores experimentales, teóricos y observacionales de varios campos: 

astronomía, geología, bioquímica, biología, genética, teledetección, ecología 

microbiana, ciencias de la computación, física, robótica e ingeniería de las 

comunicaciones. La investigación en el CAB aborda la sistematización de la cadena de 

eventos que tuvieron lugar entre el Big Bang inicial y el origen de la vida, incluyendo la 

autoorganización del gas interestelar en moléculas complejas y la formación de sistemas 

planetarios con ambientes benignos para el florecimiento de la vida. El objetivo final es 

investigar la posible existencia de vida en otros mundos, reconociendo biosferas 

diferentes de la terrestre, para ayudarnos en la comprensión del origen de la vida. El 

camino será todavía largo, pero la meta está cada vez más próxima. 

  



Annual Report  CAB 2017 
 

3-129 

 

INTRODUCTION  

 

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). Located within the INTA campus in Torrejón de Ardoz 

(Madrid), CAB became the first astrobiology organisation outside the United States to 

be associated with the NASA Astrobiology Institute (NAI) ï formally becoming an 

associate partner in the year 2000. Astrobiology considers life as a natural consequence 

of the evolution of the Universe, and CAB aims to study the origin, evolution, 

distribution, and future of life in the Universe, both on Earth and in extraterrestrial 

environments.  

Application of the scientific method to astrobiology requires the combination of theory, 

simulation, observation and experimentation. This application of fundamental science to 

the questions of astrobiology is the most important goal for CAB. The multi- and 

transdisciplinary setting available at CAB allows engineers to interact with 

experimental, theoretical and observational scientists from various fields: astronomy, 

geology, bio-geochemistry, biology, genetics, remote sensing, microbial ecology, 

computer science, physics, robotics and communications engineering. The research at 

CAB relates to the systematisation of the chain of events that took place between the 

Big Bang and the origin and evolution of life, including the self-organisation of the 

interstellar gas into complex molecules and the formation of planetary systems with 

benign conditions fostering the flourishing of life. The final aim is to investigate the 

possibility of life on other worlds, recognising biospheres that might be different from 

that on Earth, to help us understanding the origin of life. It will be still a long way, but 

the destination is becoming closer and closer. . 
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I  INSTITUTE ORGANIZATION  

 

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.  

 

Figure: Organization of Centro de Astrobiología in 2017. 

 

Centro de Astrobiología was organized in 2017 in 4 Research Departments and 2 

Associated Units with the universities of Valladolid and Autónoma de Madrid, 

respectively. Some additional units provide the requird support for the operations of 

CAB. The departments operate a number of laboratories and facilities covering the very 

different areas of activity.  

 

GOVERNING COUNCIL 

 

Name Position 

Emilio Lora-Tamayo DôOc·n  CSIC President (Jan-Oct) 

Rosa María Menéndez López CSIC President (Nov-Dec) 

Ignacio Azqueta Ortiz  INTA Director General 
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DIRECTION AND CENTER EXECUTIVE BOARD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Name Position 

J. Miguel Mas Hesse Director 

Victorino Parro García  Deputy Director 

Jose María Delgado Lucas Administrative Manager, Board secretary 

Francisco Najarro de la Parra Head of Astrophysics Department 

Olga Prieto Ballesteros Head of Planetology and Habitability 

Department 

Eduardo González Pastor Head of Molecular Evolution Department 

Eduardo Sebastián Martínez  Head of Advanced Instrumentation 

Department 

Benjamín Montesinos Comino Researcher 

Mercedes Moreno Paz  Researcher 

Esther Bermúdez Castillo  Administration 

  

J. Miguel Mas Hesse Víctor Parro García 
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ADVISORY BOARD 

The former Directors of CAB constitute its Advisory Board:  

¶ 1999 ï 2008:  Juan Pérez Mercader (CSIC) 

¶ 2008 ï 2010: Álvaro Giménez Cañete (CSIC) 

¶ 2010 ï 2015: Javier Gómez Elvira (INTA) 

 

RESEARCH DEPARTMENTS 

Astrophysics 

 

Name Position 

Alacid Polo, José Manuel ISDEFE 

Alfonso Garzón, Julia Post-doc 

Alonso Herrero, Almudena Staff  

Arribas Mocoroa, Santiago Staff 

Barrado Navascués, David Staff 

Barceló Forteza, Sebastiá Post-doc 

Blanco Sánchez, Carmen María Tit.Sup.ATP 

Caballero Hernández, Jose Antonio Staff 

Carrascosa de Lucas, Héctor Pre-doc 

Colina Robledo, Luis Staff 

Cortés Contreras, Miriam Post-doc 

Crespo Gómez, Alejandro Pre-doc 

Domingo Garau, Albert Post-doc 

García García, Miriam Post-doc 

Huelamo Bautista, Nuria Staff 

Jimenez Esteban, Francisco Post-doc 

Labiano Ortega, Álvaro Post-doc 

López del Fresno, Mauro Tit. Sup. ATP 

Maiz Apellaniz, Jesús Staff 

Martín Doménech, Rafael Tit. Sup. ATP 

Martín Guerrero de Escalante, Eduardo L. Staff 

Martín-Pintado Martín, Jesús Staff 

Martinsson, Thomas Per Krister Post-doc 

Mas Hesse, J. Miguel  Staff 
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Mendiguitía Gómez, Ignacio Antonio CM-post-doc 

Miniutti, Giovanni Staff 

Montesinos Comino, Benjamin Staff 

Morales Calderón, María Post-doc 

Morales Durán, Carmen Staff 

Moya Bedón, Andrés Post-doc 

Muñoz Caro, Guillermo Manuel Staff 

Najarro de la Parra, Francisco Staff 

Oliva Rubio, María Tit.Sup.ATP 

Piqueras López, Javier Post-doc 

Prieto Vizán, Patricia Tit.Sup.ATP 

Rico Villas, Fernando Pre-doc 

Rizzo Caminos, Ricardo ISDEFE 

Rodrigo Blanco, Carlos Tit.Sup.ATP 

Rodriguez del Pino, Bruno Tit.Sup.ATP 

Sánchez Contreras, María del Carmen Staff 

Sánchez García, María Pre-doc 

Sanz Forcada, Jorge Staff 

Sanz Fernández de Cordoba, Lourdes Staff 

Solano Márquez, Enrique Staff 

Urbano Mayorgas, Juan José Pre-doc 

Velasco Trasmonte, Almudena ISDEFE 

Villar Martín, M.Montserrat Staff 

Zapatero Osorio, M. Rosa Staff 

 

Planetology and Habitability  

 

Name Position 

Amils Pibernat, Ricardo Staff (UAM-CAB) 

Azúa Bustos, Armando Javier Post-doc 

Carrizo Gallardo, Daniel Alejandro RyC post-doc 

Cuesta Crespo, Luis Post-doc 

Fernández Sampedro, María Teresa Staff 

Flores Jiménez, Beatriz Tit.Sup.ATP 
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García Descalzo, Laura Post-doc 

Gil Lozano, Carolina Post-doc 

Gómez Gómez, Felipe Staff 

Gómez González, Juan Luis Pre-doc 

González Fairén, Alberto Staff 

Marín Redondo, María Paz PTA MINECO 

Martínez Sarmiento, Paloma Staff 

Muñoz Iglesias, María Victoria Post-doc 

Neto Lima, Joana Filipa Pre-doc 

Olof Ormo, Jens Staff 

Prieto Ballesteros, Olga Staff 

Robas García, Cristina Pre-doc 

Rodriguez González, Nuria Staff 

Rodrigo Montero, Rafael Staff 

Tornos Arroyo, Fernando Staff 

Zorzano Mier, María Paz Staff 

 

Molecular Evolution   

 

Name Position 

Aguilera Bazán, Angeles Staff 

Arribas Hernán, María Staff 

Benguigui de la Cámara, Macarena Pre-doc 

Blanco López, Yolanda Post-doc 

Briones Llorente, Carlos Staff 

Cid Sánchez, Cristina Staff 

De Diego Castilla, Graciela Post-doc 

Espigares Castillo, Patricia Pre-doc 

Fernández Martínez, Miguel Ángel CM post-doc 

Fernández Algar, María Staff 

Gálvez Martínez, Santos Pre-doc 

García López, Eva PTA MINECO 

García Villadangos, Miriam Staff 

Gómez Frutos, Sara Pre-doc 
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González Figueras, Carolina Staff 

González Pastor, José Eduardo Staff 

González Toril, Elena Staff 

Hochberg Newman, David Staff 

Lamprecht Grandio, Maria Tit.Sup.ATP 

Lázaro Lázaro, Ester Staff 

De Lucas Cerrillo, Ana María Tit.Sup.ATP 

Manchado Ortega, Juan Manuel Tit.Sup.ATP 

Mateo Martí, Eva Staff 

Mirete Castañeda, Salvador Staff 

Moreno Molina, Miguel Post-doc 

Moreno Paz, Mercedes Staff 

Narrillos Fernández, David CM-Tit.Sup.ATP 

Ochoa de Eribe Casas, Jon Ander Tit.Sup.ATP 

Osuna Esteban, Susana Staff 

Parro García, Víctor Staff 

Pascual Silva, Carolina CM-Tit.Sup.ATP 

Postigo Cacho, Marina Staff 

Ruiz Bermejo, Marta Staff 

Sánchez García, Laura Post-doc 

Torres Vázquez, Beatriz Pre-doc 

White, Joseph John Tit.Sup.ATP 
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Advanced Instrumentation   

 

Name Position 

Benitez Berrocal, Sara Pre-doc 

Bravo Cuesta, Andres Pre-doc 

Carretero Saiz, Sara CM-Tit.Sup.ATP 

Ferrandiz Guibelalde, Ricardo Staff 

Gómez Gutierrez, Alicia Post-doc 

Lepinette Malvite, Alain Staff 

Magaz Pérez, María Teresa Tit.Sup.ATP 

Marín Jiménez, María de las Mercedes Tit.Sup.ATP 

Martín Soler, Javier Staff 

Molina Jurado, Antonio Tit.Sup.ATP 

Mora Sotomayor, Luis Tit.Sup.ATP 

Navarro López, Sara Staff 

Peinado González, Verónica Tit.Sup.ATP 

Pérez Izquierdo, Joel Pre-doc 

Pla García, Jorge Tit.Sup.ATP 

Rincón Lozano, Tomás PTA MINECO 

Rodríguez Manfredi, José Antonio Staff 

Romeral Planelló, Julio José Staff 

Sobrado Vallecillo, Jesús Manuel Staff 

Torres Redondo, Josefina Staff 

Urqui O´Callaghan, Roser ISDEFE 

Viudez Moreiras, Daniel Tit.Sup.ATP 

Zurita Zurita, Sofia Tit.Sup.ATP 
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SUPPORT UNITS 

 

Name Position 

Alonso del Val, Pilar Laboratory support/ISDEFE 

Alonso Valdivieso, Miguel Ángel Scientific culture unit 

Bermúdez Castillo, Esther Administration 

Camps Martínez, Fernando Computer services 

Cañete Mata, Juan Manuel Computer services 

Conde Martín, Jose Ignacio Maintenance/workshop 

Del Olmo Andrés, Rosa María Reception/ISDEFE 

Delgado González, Cristina Scientific culture unit 

Delgado Lucas, Jose María Administration 

Fraile Noriega, Tatiana Administration/ISDEFE 

García Climent, Inmaculada Administration/ISDEFE 

García Martín, Maria Teresa Administration/ISDEFE 

Guitart Martín, Margie Administration 

Gutiérrez Ortega, Macarena Administration/ISDEFE 

Martínez de Llera, Carmen Administration/ISDEFE 

Moncayo Ortega, Consuelo Administration 

Parras Rico, Antonio Computer services/ISDEFE 

Roncero Holgado, Diego Manuel Computer services 

Sánchez Narrillos, Paula  Scientific culture unit 

Suárez Marsá, Virginia Administration 

Suárez Carrasco, Sergio Computer services/ISDEFE 

Vaquerizo Gallego, Juan Ángel Scientific culture unit/ISDEFE  
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II  RESEARCH ACTIVITIES  

 

DEPARTMENTS AND RESEARCH GROUPS  

 

¶ Astrophysics (AP) 

¶ Planetology and Habitability (PH) 

¶ Molecular Evolution  (ME) 

¶ Advanced Instrumentation  (AI) 
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Astrophysics 

Head of Department:    Francisco Najarro 

 

Throughout the history of the Universe, generations of stars have created in their 

interior all the heavy elements that we know. The atoms of these chemical elements 

formed molecules, dust grains and ice sheets in the interstellar and intergalactic medium 

to condense into planetary systems with rocky planets. Liquid water, as on the Earth, 

allowed the conditions in which life arose more than 3.5 billion years ago and must 

have been repeated in a large number of planetary systems. 

We investigate key processes that were necessary for the appearance and evolution of 

life in the Universe such as: the formation of chemical elements in the interior of the 

stars and the formation and evolution of the galaxies that house them, processes of 

planet formation around new stars, the formation and evolution of chemical compounds 

of a range of complexity in interstellar space, or the search for new extrasolar planets. 

The astrophysics department has a strong participation and leadership in technological 

activities associated with future astronomical instrumentation both in space and on the 

ground. Further, the department is also heavily involved in the scientific exploitation of 

ground and space facilities, which are currently under operation and basically cover the 

whole electromagnetic range, from Gamma-Rays to Radio wavelengths. 

During 2017, we have continued our research on the physico-chemical processes that 

play a significant role in interstellar and circumstellar environments, which are rich in 

chemical species crucial for appearance of life.  Within the field of stellar astrophysics, 

we have carried out studies across all the evolutionary stages, seeking to understand the 

formation and evolution from high to very low mass stars, including protoplanetary 

discs and exoplanets. At larger scales we have investigated massive star-formation in 

both nearby and distant luminous star-forming galaxies as well as its relation with the 

presence of massive black holes in their nuclei. Finally, our Virtual Observatory group 

has been very successful in the improvement the CAB Data Centre, providing support 

to other Spanish data centres. It has also actively continued with the development of VO 

standards and tools related with data mining combined with education and outreach 

activities.  

 

The Department is organized in 4 Research Groups:  

¶ Galaxies Formation and Evolution  

¶ Interstellar and Circumstellar Medium 

¶ Formation and Evolution of Stars, Brown Dwarfs and Planets 

¶ Virtual Observatory Group: Scientific exploitation of astronomical archives 
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Galaxies Formation and Evolution  

Coordinator:   Giovanni Miniutti 

 

Research topics: 

The ñGalaxies Formation and Evolutionò group at CAB aims at providing a global view 

of the processes of galaxy formation and evolution across cosmic time. The group has a 

great expertise in observational studies of massive star-formation in both nearby and 

distant luminous star-forming galaxies using, for instance, the Lyman-Ŭ emission as a 

tracer of star formation processes. Integral-field spectroscopy of luminous and ultra-

luminous infrared galaxies in the near infrared is routinely used to differentiate the 

different ionization mechanisms of the interstellar medium over a very broad range of 

luminosities and to characterize the galaxy properties. Neutral and ionized gas outflows, 

their kinematics, their effect on the star-formation rate and thus on the overall galaxy 

evolution, are also observationally studied in the optical and infrared. Any theoretical 

model of galaxy evolution must take into account the presence of a central super-

massive black hole which, when active, reveals itself as an Active Galactic Nucleus 

(AGN). AGN observations are from radio to X-rays covering th majority of research 

topics of interest in the field. 

The group is also heavily involved in technological projects of future astronomical 

instrumentation both in space and on the ground in the framework of the European 

Space Agency and the European Southern Observatory programs. We participate in the 

instrument teams of the MIRI and NIRSpec instruments for the James Webb Space 

Telescope (JWST), and group members are involved in the preparation of the first 

science programs to be carried out with the JWST. Members of the group also take part 

in the team responsible for the development of HARMONI, first-light instrument of the 

European Extremely Large Telescope (ELT). Group members also participate to the 

definition of the next ESA large X-ray observatory Athena both at the scientific and 

hardware levels (X-IFU instrument), as well as in other space-based international 

projects that are still under competitive ESA selection procedures. 

 

Selection of scientific results in 2017: 

[1] Star-formation within a galactic outflow: Observations of massive molecular 

outflows in galaxies have often revealed sufficiently high gas densities to form stars 

within the outflow itself. This star-formation mode, in which stars form with high radial 

velocities, could contribute to the morphological evolution of galaxies, to the evolution 

in size and velocity dispersion of the spheroidal component of galaxies, as well as 

provide in situ chemical enrichment of the circumgalactic and intergalactic medium. Up 

to now, there exists some observational evidence for star-formation triggered by 

outflows or jets in their host galaxies due to gas mechanical compression, but direct 

evidence for star-formation occurring within the outflow itself was missing. The group 

participated in 2017 in a study that revealed, for the first time and thanks to 

unambiguous spectroscopic evidences, star-formation occurring within the galactic 

outflow in the relatively nearby galaxy IRAS F23128-5919 at redshift z=0.0448 (or 

about 600 million light-years from Earth). 

This conclusion comes, primarily, from the detection of a very young stellar population 

in the outflow. These stars are not only young: their motion and velocity indicate that 
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they are travelling at very high velocities away from the galaxy center, as expected for 

stars caught in a stream of fast-moving material, namely the outflow itself. Theoretical 

models have long predicted that star-formation within galactic outflows could play an 

important, if not major, role. These results provide the first evidence that this   

phenomenon does indeed occur. 

 

 

 

 

 

 

 

 

 

 

 

 

 

[2] The response of AGN ultra-fast outflows to X-ray variability: Active Galactic 

Nuclei (AGN) are thought to have a profound effect on large scales through feedback 

mechanisms. The fastest gas outflows (the so-called   Ultra Fast Outflows or UFOs) 

have velocities higher than 10,000 km/s and are observed at X-ray energies. We have 

participated in the detection of an UFO in the AGN IRAS 13224-3809 with a velocity 

of 71,000 km/s (about 24% the velocity of light).  

 

 

 

 

 

The most relevant result is that the outflow is seen to respond to the X-ray variability in 

less than an hour, hundreds of times faster than ever seen before. As the flux increases, 

the temperature of the outflow gets higher (because the gas is more irradiated by X-

Figure AP2: Artist impression of a super-

massive black hole with X-ray emission 

emanating from its inner region (pink) and 

ultrafast winds streaming from the 

surrounding disk (purple). Credit: ESA 

Figure AP3: Flux-selected X-ray spectra of 

IRAS 13224-3809 at different flux levels. 

Absorption features between 8 and 9 keV are 

significant only in the lowest X-ray flux state 

(bottom). 

 

 

 

Figure AP1: Artistic view of star-formation occurring within a large scale  

galactic outflow 
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rays), electrons are stripped away from their atoms in the wind, and the strength of the 

observed absorption features is reduced accordingly. These findings provide clear 

evidence for the link between the X-ray emission from the inner accretion flow and the 

outer wind, and they are a key step forward in understanding how black hole winds and 

outflows are launched and accelerated.  

[3] Massive outflows of hot molecular gas in ULIRGs: The group has studied some 

nearby Ultra-Luminous Infrared Galaxies (ULIRGs) using the near-IR integral-field 

spectrograph SINFONI on the ESO Very Large Telescope (VLT). This resulted in the 

detection of massive outflows of hot molecular gas (in the form of H2 molecules) with 

velocities of few hundreds km/s on spatial scales of 0.7-1.6 kpc. The mass outflow rate 

is found to be of the order of 30-85 Solar masses per year, a factor of a few lower than 

the star-formation rate in these ULIRGs. Most of the outflowing molecular gas does not 

reach the escape velocity of their systems, meaning that the bulk of the gas will remain 

bound to the system. The gas is then re-distributed within the galaxy and thus is still 

available to potentially fuel future star-formation episodes.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 [4] Survival of the obscuring torus in the most powerful AGN: Dedicated searches have 

generally found that the fraction of obscured (heavily absorbed) AGN decreases with 

AGN luminosity. This has often been interpreted as evidence for a decrease of the 

covering factor of the obscuring torus with increasing luminosity, the so-called receding 

torus model. Using data from AGN X-ray surveys together with results obtained from 

CLUMPY AGN tori models, members of the group were able to reveal a significant 

population of X-ray undetected AGN with high covering factor tori that are increasingly 

numerous at high AGN luminosities. This implies that the majority of luminous and 

rapidly accreting super-massive black holes in the local Universe (redshifts z<1) reside 

in heavily obscured nuclear environments, most of them being so deeply embedded that 

they have so far escaped detection in X-ray wide area surveys performed below 10 keV. 

 

Figure AP4: The velocity maps of H2 in 3 ULIRGs are shown in color in the top 

figures. The bottom panels are the H2 spectra (and best-fitting double-Gaussian 

models) extracted from the region (marked with ñ+ò in the top panels) where the 

outflow reaches maximum velocity. 
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[5] Galaxy-wide radio-induced feedback (in a radio-quiet quasar): Group members have 

reported the discovery of unambiguous evidence for AGN radio-induced feedback 

acting on very large scales (up to 26 kpc away from the AGN at the centre) in a radio-

quiet and obscured quasar (known as the ñBeetleò quasar). This is the very first radio 

quiet system where radio-induced feedback has been securely identified at ḻseveral kpc 

from the AGN. The morphological, ionization and kinematic properties of the extended 

ionized gas are correlated with the radio structures.  The proposed scenario is one in 

which the radio structures have perforated the interstellar medium of the galaxy and 

escaped into the circumgalactic medium. While advancing, they have interacted with in-

situ gas modifying its properties. These results show that jets of even modest power can 

be the dominant feedback mechanism acting across huge volumes in radio quiet 

systems, including highly accreting luminous AGN, where radiative mode feedback 

may be expected. 

 

 

 

 

 

 

 

 

 

 

 Figure AP6: Huge bubbles of ionized gas shaped by the 

radio structure associated with the Beetle radio-quiet 

obscured quasar 

Figure AP5: Luminosity dependence of the observed (red) and intrinsic 

(black) type-2 AGN fractions. 
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Technological activities, instrumentation, future ground- and spece-based 

observatories: 

As mentioned, the Galaxies Formation and Evolution group is heavily involved in 

technological activities associated with future astronomical instrumentation both in 

space and on the ground. In particular, group members have continued their active 

participation into the James Webb Space Telescope project: members of the group have 

a strong involvement in the GTO programs through the participation in the scientific 

teams of two JWST instruments: NIRSpec, and MIRI. Group's members also 

participated in test campaigns (telescope+instruments) with NASA as well as actively 

contributed to the calibration working groups for the NIRSpec and MIRI. Group's 

members are also heavily involved with the HARMONI instrument (first light 

instrument for the ELT) where they have responsibilities for the calibration plan, 

calibration module, and low-order wavefront sub-system. They are also part of the 

Science Team of the instrument, providing scientific advise to the technical team,  and 

leading one of the science cases of HARMONI. During December 2017, the project 

finished its PDR phase and carried out the associated reviews at ESO. Group members 

provide scientific support for the future ESA large X-ray mission Athena, chairing one 

of its Science Working Groups (SWG 2.4). Technological participation in Athena is 

associated to the main Athena X-ray detector, the X-IFU instrument. Group's 

researchers are part of the X-IFU consortium, as well as members of its Science 

Advisory team XSAT.   
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Interstellar and circumstellar medium 

Coordinator: Guillermo M. Muñoz Caro 

 

Summary: This group is composed of 12 persons: 4 senior scientists (Jesús Martín 

Pintado, Carmen Sánchez Contreras, Ricardo Rizzo, and Guillermo M. Muñoz Caro), 2 

postdocs (Alicia Gómez Gutiérrez and Cristóbal González Díaz), 4 PhD students 

(Cristóbal Bordiú, Jesús Ramos Medina, Héctor Carrascosa, and Fernando Rico), a 

software developer (Carmen M. Blanco Sánchez), and lab support (Maite Magaz). The 

field known as Astrochemistry or Molecular Astrophysics is approached from three 

main different perspectives: i) Observational (ALMA observations, preparation of 

SAFARI-SPICA mission, Robledo de Chavela antennas, and access to other multi-

wavelength observatories), ii) Theoretical (development of molecular excitation, 

radiative transfer, chemical evolution models, and MADCUBA code for data analysis), 

iii) Instrumentation (design and construction of SAFARI spectrometer, development of 

KID detectors to observe from mm to far-infrared, and iv) Experimental (laboratory 

experiments dedicated to ice processes using the ultra-high vacuum InterStellar 

Astrochemistry Chamber (ISAC), and use of external radiation facilities abroad such as 

GANIL in France and NSRRC in Taiwan). 

 

This line of research is dedicated to the four-fold study mentioned above (observational, 

theoretical, instrumentation, and experimental) aiming to understand the physico-

chemical processes that play a significant role in interstellar and circumstellar 

environments. Large circumstellar envelopes around evolved stars and the chemistry in 

protoplanetary disks are investigated. In diffuse clouds, some chemical reactions take 

place, but molecules are dissociated by the strong radiation field. In dense clouds like 

Orion, the sites of star formation, the detection of numerous molecular species results 

from a complex chemical reactions network and the interplay between dust and species 

in the gas phase. The dust grains act as small chemical reactors. In dense clouds they are 

covered by ice mantles composed of H2O, CO, CO2, CH3OH, CH4, NH3, etc. Irradiation 

(energetic photons and cosmic rays) of the ice generates complex molecular species of 

prebiotic interest that are incorporated into comets and minor bodies of the primitive 

solar system. Nearly 200 molecules have already been detected in these environments, 

and every year a few new species enlarge this list. The chemistry of different 

environments in the Galaxy is often determined by the presence of intense UV fields 

from nearby stars, cosmic rays, shocks, turbulence, and other fenomena that are often 

not well characterized. The main goal of this team is to obtain a detailed description of 

the above environments, to understand the gas and dust lifecycle in our Galaxy and to 

determine the limits of chemical complexity before the appearance of life.  

 

2017 Activities 

During 2017, the members of this team have contributed to about 30 articles in peer-

reviewed journals in astrophysics and high-impact factor journals of general interest 

(ApJ, A&A, MNRAS, Phys. Rev. Letters, etc.) and they have presented their results in 

several national and international conferences. In addition, several observing proposals 

have been submitted to different observatories (ALMA, IRAM -30m, IRAM-NOEMA, 

XMM, HST, etc.); a large number of them were accepted. The team is very active in the 

formation of junior scientists (PhD students and young postdocs). 
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Observational studies using different telescopes at different wavelengths: 

Circumstellar envelopes around evolved stars: We have continued our studies of 

circumstellar envelopes around low-to-intermediate mass evolved stars (AGB, post-

AGB and PN) through observations of these systems at multiple wavelengths, from the 

X-rays to the radio regime. For example, we have carried out (and published) a series of 

molecular line and continuum emission studies in the submm/mm-wavelength range 

with ALMA. The unique capabilities of ALMA (exquisite sensitivity and angular 

resolution) have enabled us to characterize the nebular morphology and dynamics of 

several AGB/pAGB/PNe with unprecedented detail and to improve our understanding 

of the origin of the remarkable morphological and kinematical differences between 

AGB circumstellar envelopes, which expand isotropically at low velocity (5-15km/s), 

and their more evolved counterparts, pAGB and PNe, which show fast-expanding 

(>100km/s) elongated lobes along one or more axes. Our team is leader in the search 

and direct characterization of rotating disks in these systems. Disks are postulated to 

play a major role in the (yet unknown) wind collimation process responsible of PN-

shaping. In 2017, we reported the discovery (with ALMA) of two more objects with 

rotating disks. This year, we also published a pilot search for recombination line 

emission at mm-wavelengths with the IRAM-30m antenna in a small sample of pAGB 

objects with emerging central ionized regions. These lines are excellent probes of the 

dense inner (<150 A.U.) and heavily obscured regions of these objects, where the yet 

unknown agents for PN-shaping originate. We find mass-loss rates that are significantly 

higher (~10-6 to 10-7 Msun/yr) than the values adopted by stellar evolution models 

currently in use and that would result in an AGB-to-PN transition much faster than 

hitherto assumed. 

 

Interstellar Medium: Several studies to characterize interstellar regions have been 

carried out. The goal is to understand the chemistry in these environments, and in 

particular, the formation of complex organic molecules of interest for astrobiology. The 

molecule methyl-isocyanate (CH3NCO) was detected for the first time in a solar-type 

protostar, IRAS16293-2422B, using the extraordinary sensitivity and angular resolution 

of the Atacama Large Millimeter Array (ALMA) by an international group led by CAB 

(see Fig.XX1). This object is 400 light years away from Earth. It is considered that this 

molecule, the simplest of the amides, could be a precursor of prebiotic molecules such 

as proteins and nitrogenous bases. The presence of this molecule, also detected in comet 

67P/Churyumov-Gerasimenko, suggests that the chemistry in the disk that surrounds the 

solar-type protostar is similar to that of comets in our solar system. It is proposed that 

the formation of this molecule occurs in icy dust mantles, the seeds of planetary 

systems. The detection of this molecule supports the importance of prebiotic chemistry 

in space and its contribution to the origin of life on Earth. 
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Figure AP7: Maps of two representative CH3NCO  lines observed towards IRAS16293 B. 

Black contours indicate 50 per cent and 90 per cent of the peak line emission, while white 

contours indicate 20 per cent and 80 per cent of the continuum peak emission at 232꜡GHz. The 

rest frequency and Eup of the transitions are shown in every panel (see also Table 1). Beam 

sizes are shown in the bottom right-hand corner (From Martín-Doménech et al. 2017,  MNRAS. 

469, 2230). 

 

Members of this team have worked on 

Å Analysis of spectral lines surveys in a variety of objects observed with 30m 

and ALMA in cold cores (low mass ïstars), hot cores (massive stars), 

Galactic center and extragalactic nuclei 

Å Star formation (both high and low mass) 

Å Proposals to international facilities at mm/submm: ALMA, e-VLA, GBT, 

IRAM, APEX.. 

Å New astronomical facilities both on ground and space (SKA, SPICA, é) 

During 2017, the CAB team has been working on the definition of the science 

cases. In particular, it has been very active on the field of the study of feedback 

and feeding in the Context of Galaxy Evolution with SPICA. 

 

Laboratory astrochemistry 

The presence of HS2 radicals was proposed based on its efficient formation during  

UV/X-ray irradiation of H2S bearing-ices, and this species was successfully detected 

this year (Fuente et al. 2017), with participation of our group. Progress was made in the 

study of complex chemical reactions in irradiated ice analogues. A long-standing project 

to study the photon-induced desorption of pure ice components was completed, 

incorporating H2O and NH3 ices to our set of molecules in 2017. Photo-desorption is 

invoked to explain the abundances of gas molecules in cold interstellar clouds. Several 

projects were performed with the use of the ISAC chamber concerning the formation of 

astrochemically relevant species: a joint PICS project with the French CNRS to study 

carbon grain analogues and their role in the formation of H2 and complex organic 

molecules, a collaboration with NCU in Taiwan to study ice photochemistry in both 

laboratories, and a detailed study of CO accretion and desorption in collaboration with 
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NCU and TU Delft. We also participated in experiments on X-ray irradiation of 

interstellar ice analogs performed at the National Taiwanese Synchrotron (NSRRC), 

mimicking these processes in circumstellar environments of young stars, in 

collaboration with NCU and Palermo Observatory. 

A PhD thesis has been presented on  laboratory astrochemistry.  

 

Data analysis  

In 2017, work on the development of MADCUBA (Madrid Data Cube Analysis) was 

continued. The main capabilities of this code are:  

Å Data cube visualization and reduction. The visualization and analysis (soothing, 

crop, extract spectrum..) of spatially synchronized  cubes has been implemented 

during 2017.  

Å Automatic import data cubes from ALMA and cubes and spectra from all 

Herschel instruments 

Å Advanced LTE analysis of molecular line profiles using the JPL and CDMS 

catalogs and recombination lines. 

 

Instrumentation 

In order to observe at lower frequencies than ALMA, several researchers coordinated 

the construction and integration of new instrumentation for the Robledo de Chavela 

antennas (Host Country). A new intermediate frequency processor and a broadband 

backend were installed. In the last 5 years the scientific results have been very 

satisfactory, leasing to several publications. A work published in 2017 reports a 

spectroscopic survey of Orion KL between 40 and 50 GHz. 

During 2017, this group contributed to the preparation of SAFARI, a new far infrared 

spectrometer for SPICA Space Telescope. SPICA is an international project led by the 

JAXA (Japan), ESA (Europe) and several European institutions, including CAB. CAB 

contributes with the development of state-of-the-art Microwave Kinetic Inductance 

Detectors (MKIDs) for mm/sub/far infrared. It also participates in the design of the 

instrument and the optical components. In the context of the FP7 project 

ñSPACEKIDSò the CAB has participated in the construction and characterization of 

961-pixel imaging array (see Fig. XX2) based upon MKIDS operating at 850 GHz (350 

microns). The evaluation of the detector array showed excellent system performance in 

terms of sensitivity, dynamic range, optical efficiency, cosmic ray rejection and pixel-

pixel crosstalk, demonstrating that the technology is now mature to be considered for 

the development of state of the art future instrumentation. 

 

 

 

Figure AP8: Photograph of the of  961 pixel imaging array 

(see Fig. 2) based upon MKIDS operating at 850 GHz (350 

microns) in  its holder, with the lens array clearly visible (from 

Baselmans et al. 2017, A&A 601, 89  
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Formation and evolution of stars, brown dwarfs and planets 

Coordinators:   María Rosa Zapatero Osorio and Benjamín Montesinos Comino. 

 

Our group is very active and addresses a significant number of scientific objectives, all 

of which are related to the formation and evolution of massive and low-mass stars, 

brown dwarfs, and planets. On-going space- and ground-based instrumental projects 

which some members of the group are fully involved in and of which great advances 

occurred during 2017 are the following: CHEOPS (ESA small mission to be launched 

by the end of 2018), MIRI/JWST (NASA mission to be launched in 2019), PLATO 

(adopted mission by ESA, expected launch in 2024), ARIEL (nearly-approved M4 

mission of ESA), SAFARI/SPICA (proposed M5 space mission to ESA), CARMENES 

(planet-hunter spectrograph operating at visible and near-infrared wavelengths on Calar 

Alto Observatory), and ESPRESSO (planet-hunter spectrograph operating at visible 

wavelengths on Paranal Observatory). With the exception of JWST and SPICA, which 

are space-based observatories, all projects are devoted to the search and/or 

characterization of planets orbiting stars of the Galaxy. Highlights related to these 

instruments are the following:  

 Definition of the Guaranteed Time targets for JWST. 

 Successful commissioning of the ESPRESSO instrument (for the VLT), which will be 

offered to the community in the next call for proposals by ESO. 

 PLATO adoption by ESA on June 2017. 

 CHEOPS: the integration of the flight model of the platform was successfully 

completed at Airbus-CASA. 

 SAFARI/Spica: the proposal was submitted to the ESA M5 call. The selection of the 

M5 mission will be announced, hopefully, in 2018. 

 ARIEL: this is the recommended M4 mission. Acceptance by ESA was delayed from 

November 2017 to early 2018. 

In what follows, scientific highlights produced by group members are summarized: 

 The most complete long-term optical study of the Be/-ray binary H 1145-619 in 

correlation with its X-ray activity reveals, for the first time, the presence of a 

retrograde density perturbation in the circumstellar disc of a Be/X-ray binary. 

 Near-infrared spectra of dust-embedded stars at the center of the Galacticôs center 

Quintuplet Cluster reveals broad emission lines due to ionized carbon and helium, 

thus confirming the late-type carbon Wolf-Rayet nature of the stars. 

 ALMA data at 880 µm reveal five unresolved sources whose masses are estimated 

between 0.9 and 67 times the mass of Jupiter. In combination with APEX/LABOCA 

data, two of these sources appear to be undergoing gravitational contraction. They 

could be the precursors of isolated planets and brown dwarfs, and are called proto-

brown-dwarfs. 

 Using VLT/SPHERE/ZIMPOL observations of HD 100546, it was possible to detect 

filaments of dust (bar-like structure) with a size of approximately 20 AU connecting 
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the outer and the inner disks. It is tentatively suggested that the bar could be dust 

dragged by infalling gas that radially flows from the outer disk to the inner region (see 

Figure AP9). 

Figure AP9: (Left panel) SPHERE/ZIMPOL images of HD 100546 in the continuum of HŬ 

show the external disk, which has a radius similar to the orbital size of Pluto. The positions of 

the central star and a possible planet are indicated with a white cross and a black circle, 

respectively. (Right panel) Zoom-in images displaying the bar-like structure extending from the 

outer to the inner disk. 

 

 It was computed that the nominal G passband of the GAIA mission is too blue for the  

first Data Release photometry, and that a correction to the passband in the form of a 

power law in wavelength is to be applied to eliminate the effects of the color term. 

 The effect of the stellar flares from the solar-like stars HD 209458 and HD 189733 on 

their respective giant planets was studied. It was found that the neutral upper 

atmospheres of the extrasolar planets arre not significantly affected by the typical 

flares on any of the two cases. Therefore, stellar flares alone would not cause large 

changes in planetary mass losses. However, the simulations reveal an enhancement in 

electron number density in the ionosphere of these planets. 

 Optical and near-infrared spectra of young isolated planetary mass objects of the ů 

Orionis cluster, with masses between 6 and 13 times the mass of Jupiter, reveal that 

their atmospheric properties are strongly governed by low temperatures and low 

pressures. (See Figure AP10). These objects are a reference for the correct 

interpretation of the observations of the atmospheres of planets around stars that will 

be certainly obtained with JWST. The extrapolation of the ů Orionis mass function to 

the solar neighborhood may indicate that isolated planetary-mass objects with 

temperatures of ~200-300 K and masses in the interval 6-13 MJup may be as numerous 

as very low-mass stars. 
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Figure AP10: Optical (left) and near-infrared (right) spectra of ů Orionis young planetary-

mass objects (red) obtained with GTC (left) and VLT (right) on La Palma and Paranal, 

respectively. The strongest atomic and molecular features are indicated. The black spectra 

correspond to dwarfs with higher gravity atmospheres. The young sources (that have 

temperatures of about 1800 K and low gravity atmospheres) are characterized by weak 

potassium lines and hydrides (CrH and FeH) and strong oxides (VO and TiO). 

 Linear polarimetric observations of young and old M7-L7 dwarfs (this is, low-mass 

stars and brown dwarfs) reveal that there is no apparent difference in the linear 

polarimetry intensity between the two populations that could be ascribed to differing 

atmospheric gravities.  

 HST observations of two exoplanets revealed two different atmospheres: water 

vapour in emission implies the first stratosphere identified in an exoplanet, the 

ultrahot gas giant WASP-121b; the inflated hot Jupiter WASP-101b lacks instead of 

water vapour absorption, and no clear atmosphere seems to be present  

 High spatial resolution images of 490 CARMENES potential targets were obtained 

using the lucky imaging technique. Results indicate that the bias-corrected 

multiplicity fraction is 19.5% (with an error bar of 2.3%) for angular separations of 

0.2 to 5.0 arcsec on the sky (or projected orbital separations between 1.4 and 65.6 

AU), with a peak in the distribution of the projected physical separations at 2.5-7.5 

AU. By considering the fraction of spectroscopic binaries identified from previous 

searches, the total multiplicity fraction of M dwarfs increases to at least 36%. 
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Virtual Observatory: Scientific exploitation of astronomical archives 

Coordinator:   Enrique Solano 

 

The Virtual Observatory (VO) is an international initiative whose main goal is to 

guarantee an easy and efficient access and analysis of the information hosted in 

astronomical archives and services. VO is a world-wide community-based initiative 

with the potential to open new research methodologies in Astronomy. The importance 

of the Virtual Observatory as a research e- infrastructure has been clearly identified by 

the European Union (which has supported the development and operation of the 

European VO through different FP6 and FP7 projects), as well as by other international 

consortia like Astronet or the Research Data Alliance (RDA). The Virtual Observatory 

is also fully aligned with the principles expressed in H2020 EU funding program and by 

the G8 Science Ministers, which explicitly promote Open Access to research data. 

The Spanish Virtual Observatory (SVO, http://svo.cab.inta-csic.es) is a project 

successfully working since 2004. The project is led at CAB. SVO coordinates and 

collaborates with the Spanish astronomical groups with interest in the VO and acts as 

the national contact point for the international VO initiatives, in particular the 

International Virtual Observatory Alliance (IVOA) and the Euro-VO project. 

The project is structured in four major lines of work, namely: 

¶ Improve the CAB Data Centre and provide support to other Spanish data 

centres. 

¶ Develop VO standards and tools with special emphasis on data mining tools. 

¶ Foster collaborations in VO-science. 

¶ Develop of Education and Outreach activities. 

 

The main activities carried out in 2017 has been the following:  

1.- The CAB Astronomical Data Centre 

¶ New capabilities added to the GTC (Gran Telescopio Canarias) archive1. Among 

them we highlight the possibility of managing private data in addition to public 

data.  

¶ First steps towards the implementation of a reduction pipeline for the OSIRIS 

(Broad Band Image and Spectra) and CanariCam instruments.  

¶ Maintenance and development of new functionalities in the CARMENES 

private data archive2.  

¶ Improvement and implementation of VO standards to efficiently manage stellar 

spectral libraries3. 

  

                                                 

1 http://gtc.sdc.cab.inta-csic.es/gtc/ 

2 http://carmenes.cab.inta-csic.es 

3 http://svo2.cab.inta-csic.es/theory/libraries/ 
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2.- Virtual Observatory tools 

¶ Implementation of new functionalities in VOSA4, a VO tool to estimate physical 

parameters of thousands of stars by comparing their spectral energy distribution 

with theoretical models. VOSA is a robust and well-tested tool as demonstrated 

by the more than 1400 users who have analysed almost 3 500 000 objects and 

have published 97 refereed papers.  

¶ Development of an operational version of Clusterix5, a tool that allows to 

estimate the membership probability of a list of objects to a given stellar cluster.  

¶ Development of an operational version of SVO Discovery Tool6, a tool that, 

given a list of objects,  discovers all the information available in VO services.  

3.- Data Mining tools 

¶ Application of machine learning techniques to the estimation of physical 

parameters of M stars using spectroscopic data.  

¶ Development of a supervised classifier to identify ultracool objects in the J-

PLUS survey.  

4.- VO-science projects 

¶ Discovery of binary systems using TGAS data (CAB collaboration). 

¶ Characterization of infrared donors in obscured high-mass X-ray binaries (in 

collaboration with the University of Alicante). 

¶ Identification of asteroids in RoPACS images (in collaboration with the Nice 

Observatory).  

¶ The Pleiades as seen by TGAS and the VO (CAB collaboration). 

¶ Debris discs around late-type Main Sequence stars (CAB collaboration). 

¶ High mass companions to ultracool dwarfs (in collaboration with the Instituto de 

Astrofísica de Canarias). 

¶ Physical parameters of CARMENES stars (CAB collaboration). 

¶ Identification of ultracool dwarfs in extragalactic fields (COSMOS, 

ALHAMBRA) (CAB collaboration). 

5.- Education and Outreach activities 

¶ Organisation of the X SVO School. Instituto de Astrofísica de Canarias. March 

2017. 50 participants 

¶ Organisation of the III ASTERICS VO School. ESAC. November 2017. 35 

participants.  

¶ Development and maintenance of the data archive of STARS4ALL,a H2020 

project aimed at studying the light pollution in Europe.  

                                                 

4 http://svo2.cab.inta-csic.es/theory/vosa/ 

5 http://clusterix.cab.inta-csic.es 

6 http://sdc.cab.inta-csic.es/SVODiscoveryTool 
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Figure AP11: Clusterix: Selection of the ñcluster+fieldò and ñonly fieldò regions and 

representation of the associated frequency functions that will be used to estimate the 

membership probability. 
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Planetology and Habitability 

Head of Department:    Olga Prieto 

 

The origin and evolution of planetary bodies and the understanding of the habitability 

potential of those bodies are the main objectives of the department. These objectives are 

aproched by the research activities in planetary geology, atmospheres, extreme 

environments and habitability that we developed at the department. Planetary Geology 

is the study of solid Surface planetary objects in the Universe, including Earth. 

Specifically, this scientific discipline investigates the composition, structure and 

processes and agents by which planets, satellites, comets, asteroids and meteorites 

evolve since its formation. The understanding of life in extreme conditions and the 

biodiversity present at these extreme ecosystems by other side will give us some clues 

about the limits of life on Earth and the potential habitability out of planet Earth. 

These issues are crucial in determining the habitability of planetary environments, and 

basically outline the main objectives of the department at CAB: 1) determination of the 

influence of the geology on extreme paleo, and current terrestrial environments 

analogous to those developed on other planets, 2) the characterization of planetary 

material regarding habitability, 3) understanding the geological processes that affects 

the evolution of the planets and natural satellites and 4) participation in planetary 

exploration missions. Extreme environments are crucial in order to understand the limits 

of life and potential habitability of harsh micro or macro niches.  

The planetology and habitability department is composed of 2 Research Groups:  

¶ Planetary Geology and Atmospheres 

¶ Habitability and Extreme Environments 
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Planetary Geology group  

Coordinator:   Olga Prieto Ballesteros 

 

It is a main goal of our group to determine the astrobiology potential of planetary 

objects of the Solar system, such as Mars and Ocean Worlds, through geological 

studies. We have special interest to asses the habitability requirements that future 

missions under development could detect. Investigations involves laboratory activities, 

field work, and participation in the supporting science of development of exploration 

instruments and space missions.  

During 2017, laboratory studies were focused on 2 questions related to the exchange of 

chemicals between the potentially habitable interior and the observable surface of 

Ocean Worlds: 1) how crystallization of aqueous fluids from deep environments affects 

the detectable tracers of habitability. Experiments were performed using CAB-design 

simulation chambers, where any change in the chemical system was registered by 

Raman spectroscopy. We have found that formation of clathrate hydrates acts as a 

mechanism of chemical differentiation promoting the ascent of volatile-rich fluids; 2) 

understand serpentinization process at low temperature and ammonia-rich conditions. 

Our data support this aqueous alteration mechanism of olivine-rich rocks as a source of 

bio-essential elements and energy that could sustain life.  

We have investigated Mars habitability as well. We have used the Iceland analogue to 

Mars hydrothermal environment to produce unique and valuable data for the European 

science and technology teams of MEDA/Mars 2020. During the Iceland field campaign-

2017 funded by Europlanet-TA program, we visited two main geothermal areas 

(Krýsuvik and Hveragerdi) and some accessible small geothermal patches with no 

specific names around them. We sampled active and extinct sites that showed different 

colours, textures, and ground humidity. Sample types taken were: fresh bedrock, 

hydrothermally altered minerals, fluids from hot springs, and mud pools materials. The 

objectives of the campaign included: a) Characterization of mineral changes suffered 

during the substrate-atmosphere interaction that could indicate details of potential 

habitability. b) Thermal properties of hydrothermal mineral assemblages for: a) 

calibrating in situ IR-thermal sensors; b) interpreting the ground thermal inertia. 
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Figure PH1:   Iceland field campaign-2017 funded by Europlanet-TA program.  

 

The regional geological study of Coogoon Valles, south west of Oxia Planum, which is 

one landing site candidate for Exomars, were finished. It is a complex fluvial network 

with a long-lasting water history, where an alternation between erosion, transport and 

sedimentation is recorded.  

By other side, the research carried out at the Laboratory for Experimental Impact 

Cratering (LEIC) at CAB is threefold: Experimental simulations of cosmic impacts, 

fieldwork at natural impact craters and planetary environmental analogue sites, as well 

as remote sensing of planetary impact craters and other landforms that reflect the 

formational environment. Impact craters are strongly affected by the properties of 

target, which can be used to reconstruct the paleoenvironment in which they formed, i.e. 

warm/wet targets suitable for hosting life. The work during 2017 focused on data 

collection on representative and important examples of mainly craters formed by cosmic 

impacts into shallow seas, as well as the continued development and application of the 

Experimental Projectile Impact Chamber (EPIC) which constitutes the core part of 

LEIC. Other planned activities for the year included service to the scientific community 

in the form of editorial board member of the journal Scientific Reports, review grant 

proposals as member of the NASA Solar System Workings geophysics evaluation 

panel, review manuscripts submitted to international journals, and supervision of two 

undergraduate students. 

The main achievements during 2017 have been: 

Fieldwork was carried out at proven and suspected impact sites. The Morasko Crater 

Field in Poland was visited for photographic documentation in connection with a 

workshop of craters formed by aerodynamic breakup of objects entering the Earth´s 

atmosphere. At the much larger (7.5km) Lockne Crater in Sweden, a gravimeter survey 

was carried out over a large fracture zone crossing the crater. Preliminary results show 

that fracturing by the impact had much larger effects on the local gravity signature than 

the pre-existing fracture zone.  In this way the effects from the fracture zone can be 

extracted in the analysis of the subsurface extent of the crater. Reconnaissance 






































































































































































































