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Foreword

This Report comes later than usual because of the

CovidSarsZpandemia. Leus use these first lines

to remember those who died on the occasion of

Covd19 and to all those affected personallywe
thank all the peopleespeciallyn the health sector,
who worked hard for the good of our society.

After having receied the Severo Ochoa Excellence

award in June 2018, 2019 was the first yaabe
fully dedicated to outhighly competitie strategic
research programmeAlready he first week of

April 2019 was a very special one for the IAA life.

On the one hand, thdirst image ever of the
shadow of a black holewvas presented, with a
strong patrticipaiton of IAA researchers in obtaining
this fantastt scientific result. Apecial eveniwas

organizedat the CSIC headquarters. During the first

ten minutes, we were connéed with the Press
Conference of the European Communityin
Brussels. For the next hour, a presentatiaas
done for the $anish community with the
presence of many of our colleagsieshowingthe
results the central compact rdio source in the

galaxy M87had been resolved as an asymmetric
SYAaaAirzy NAy3A .gA

ONRIKI
Overall, the observed image waonsistent with

expectations for the shadow of a Kerr black hole as
predicted by general relativity. This discovery has

deserved numerougrizes along 2019 and 2020.
The image was chosefor instanceby the Science
alk3drTAyS I a

Just in thevery same daythe results coming from
the TGO orbiter of the ExoMars missipat around
four hundred kilometers above the dace of
Mars, pointed to alack of methane on Mars
atmosphere and showed, studying a dust storm

that covered the planet, that the increase of dust

affected the atmospheric water vapor, key
information to understand the history of water on
Mars. This resulhad also a strong involvement of
IAA scientists and engineers.

During 2019 researchers from the IApublished
the most extensive catalogue dateof stars in the
Galactic €@ntre. An outstanding result of the
OGALACTICNUCLEU&RC Consolidator

G{OASYGATAOD

Grant

coordinated at the 1AAThis project designed to
study the centrakegion of the Milky Wayvith an
unprecedented resolutionunravek the history of
star formation in the galactic centershowing tha

it has not beencontinuous In fact, an intense
episode of star formatiorthat occurredabout a
billion years agavas detected where stars with a
combined mass of several tens of millions of suns
wereformed in less than 10fillion years.

Many other interesting resultsvere published by

IAA researchers in more that @5ublicdions in
refereed journals, a numbef those reflecting our
participation in large surveys/projects/instruments
such as ALHAMBRA, CALIFA, ROSSETA, JUICE,
HINODE, CARMENES, TESS, COROT, EHT, CARS,
PLUS, CTA, MANGA, GAIA, or ALFALFA, among
others. To mention some of those resultgl
papers presented observations wWitBARMENES

with up to 28 planets discoveredlwo temperate
Earthrmass planet candidates arountieegarden's
Starwere unveiled anda giant exoplanet orbiting

a verylow-mass starwas studied, a systerthat
challenges accepted cosmcretion planet
formation models. Additionallynultiband transits
observations of hot Jupites in the NIR with

(C KRMENERekntittédSal cdriidm 2h&detactions o > |
H.O in those exoplanets Researchers dm the

Solar Physics Groupublished a review on the
observational characterizationof the QuietSun
Magnetic Fields The study of the very weak
afterglow of one of the closest GRB& date
allowell Redlete2i®n ofiemimsipid sBrrounding the

jet from ahot cocoon, as predicted by theorists,

but never observed before In Extragalatic
Astronomy, we could mentionthe search of
AYGSNBLFEFOGAO aidlk NI F2NYAy 3
Quintet, through the study of ionised ga
structures and theikinematics with SITELLE, that
deserved the front page dhe journal Astronomy

and Astrophysigsor the study of the spatially
resolvedmassto-light ratio versus colors from the
CALIFA galaxieas a function of thanorphology

and gdaxy stellar mass. Results from the
ALHAMBRA and CALIFA surveys continued to pave
the way for the JPAS survey which will be
instrumental for studying galaxy evolution. The
understanding of Active Galactic Nucleias



fundamental pieces for galaxy evolutievas also
targeted by studies led by IAA researcher

The year019wasalso very important for the IAA
Instrumental Development Uni{UDIT) for the
instrument PHI onboard Solar Orbiterall the
subsystems, pipelines, and the operations
coordination and commissioning goeady for its
launch on early 202 concerning the solar
telescope SUNRISE |JIl a prototype, flight
representative, was manufactured for the whole
electronics and cameras for the instruments
TuMag and SCJPfor the JUICEGCitical Design
Review, both GALA & JANUSower sipplies
Qualification Modelsand filter wheel preQMs
were manufactured, tested and delivered to ESA.
The proteflight model manufacturing was also
started; for PLATOQ further advances inhe Main
Electronic Units and the laboratory Electrical
Ground Support Equipmentvere developped.
Looking at the futurethe European Space Agency
(ESA) selecte@omet Interceptoras its firstFast
mission with a total development duration from
the selection until the launch of about eight years.
Comet Interceptor is a technological challenge that
seeks to study a new comet, that is, a comet that
has not yet been discovered and remains intact
since its fomation. The IAA will contribute to four
of the nine instruments that will travel in the
probes. In 2019, for the first time, one of our
technicians received the NAT S 2 F (K
' A0NRY2YAOL f {20AS0e@

G Ly a i NHzy SiyAstrophysis knanks to her
work GPANIC, an infrared widéield camera for
Calar Altc.

Continuing with CAHA, the Junta de Andaldf®
replacedthe Max Panck Societynd approved on
April 10th its incorporation to the observatory now
renamed asd/ Sy (G NB | dHispaBoyenY A
l y RI f.dZ@gNAAsisonsidered as the institute
of reference for the agreement betweerA.and
CSIC for the operation of CAHAe project LUCA
(Local Universe from Calar Altpjoposing a new
instrument for the 3.5m telescope delivered its
feasibility study tothe IAA Directorate and CSIC
Presidency on July 2019. After a careful
consideration of the feasibility study, the CSIC
Presidency decided on October 2019 that the

project shouldmot be continued based on a deep
analysis of both evental competitors, and the
time-line of the project, specially taking into
account the availability of both the funding and the
scientific team. Aew call for legacy projects with
present or proposed CAHA instrumentatiowas
released in December 2019, with he
corresponding meeting for presenting the
proposals scheduled forMarch 2020. The new
proposals have a significant IAA participation.

The IAA keptommitted with theSquare Kilometre
Array (SKA) project. @rently inthe final stages of
designjts constuction is expected to start in 2021.
The IAA coordinates the participation of Spain in
the SKA, providing support to the scientific
community as well as to technological groups from
academia and industry, in close collaboration with
CDTI. The celeation of the & { LI Ay A Y
workshop at the I1AA in Jun2019is clearly in line
with our actions. Benefiting from its current
expertise in radieastronomy, its e€Science
experience, and its role as coordinator of the
Spanish participation in SKA, the IAA seeks getting
accredited in the future as thEBKARegionalCenter
(SRChode in Spain as part ofthe European SRC
network. The work orthe RCwas initiated as
planned in our Severo Ochoa strategic program.

You will see thatni addition to the new section for
o NRA A 4 € NBF Re  ail NISR
GNEVY ;;egtign, is {flevotedfopn ghow eretg our

‘Gender A0 U A ZTYiigi réport has been prepared

with the aim of showing the reader a panorama of

the scientific and technological activity despéd

at the IAA in 2019. We share with you our

satisfaction of working on the frontier of

astrophysics in a Centerof Excellence Severo

Ochoa, recognized by our Ministry lasing among
& best in the world in our scientific atea

Prof. Antxon Alberdi

Director

Dr. Isabel Marquez

Scientific Director of the project "Severo Ochpla ! ! ¢
Instituto deAstrofisica de Andaluci@€SIC

August 2020
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RESEARCH
ACTIVITY

The Instituto de Astrofisica de Andaluc(BAA)is the

largest and most productive Astronontgnter of the
Consejo Superior de InvestigaoisnCientificasGSIC)
The research activity of |IAA is carried out in the
framework of four different departments:

1. Extragalactic Astronomy

2. Radioaonomy and Galactic Structure
3. Solar System

4. Stellar Physics

This research is supported k& number of research
groups devoted to different astrophysical topicsThe
Instrumental and Technological Development Unit
(UDIT), the @mputer Center (CC), and the @ipgatory

of Sierra Nevada (OSH)ovide technical and scientific
support to each research line

The descriptiorof the research activity and hidights of
our researchgroups units and observatorguring 20D
are next presented.

Additional informationon the Observatory of Calar Alto
is included in thisreport, sincethe 1AAis the CSIC
reference center for this intern&nal astronomical
observatory.

This report includes the activities of the following
research lines:

- AGN jets

- ARAE

- Galaxy Evolution

-  HETH

- Lowmass stars and exoplanets

- Physics of the Interstellar Medium

- Planets and Minor Bodiexf the Solar System
- Solar Physics

- Stellar Systems

- Stellar Variability

- ¢SNNBadGNARFE LXFySiaQ
- Theoreticagravitation andcosmology

' GdY23&aLKSNS



AGN JETS

RELATIVISTIC JETS AND
BLAZARS

Overview

Our research group is focused on the study of
supermassive black holes and their immediate
environments, from the innermost accretion disks
around their event horizons to the ultnlativistic jets

that are born from them. These jets are commonly
present in multiple astrophysical sites, from active

galactic nuclei (AGN), to microquasars and GRBs. For
AGNs, huge amounts of energy are released as a
consequence of mass accretion onto supermassive black

holes (SMBHSs), lurking in the center of these galaxies. |
AGNSs the accretion leads to the formation of pairs of
powerful and highly collimated relativistic jets,
extending far beyond the size of the host galaxy.

Relativistic jets have probably an electromagnetic origin,
in which helical magnetic fields may plan important
role. Relativistic electrons in the jet, threaded by a
magnetic field, radiate most of their energy as
synchrotron and perhaps inverse Compton emission
across the entire spectrum, from radio to gaminzays.
Our observational study is based armultrinstrument
and multispectral range approach. This includes very
long baseline interferometry (VLBI) observations at
millimeter wavelengths with the Event Horizon
Telescope and with the orbiting antenna RadioAstron,
which allows the study of theshermost jet regions with
an angular resolution of the order of few tens of
microarcseconds. Mulivaveband observations across
the whole electromagnetic spectrum, including radio,
millimeter, optical, X and gammays, are also
employed by our group to pwide the necessary
information to study the origin, location, and properties
of the emission at all spectral ranges registered by
current instrumentation, and new facilities that are still

coming (CTA, SKA), in which our group participates.

Interpretationof the observations is carried out through

the comparison with our numeric relativistic
magnetohydrodynamic and netiermal emission
simulations.

Highlights in 2019

On April 10, 2019, the EHT Collaboration presented the
first image of a black holg65, 66, 67, 68,69,7(, thus
transforming these elusive objects from the realms of
science fiction to science fact. The central compact radio
sourcein the radio galaxy M87 wassolved out into an
asymmetric bright emission ring with a diameter of 42
> | & Zistéd@insie and shape with the lensed photon
orbit encircling a dark shadow caused by photon capture

First image of a black hole shadow obtained by the E
Horizon Telescope (EHT) Collaboration attreer of the
elliptical galaxy M87

at the event horizon of a 6.5 billion solar masses black
hole, as predicted by general relativity.

EHT observations thus provide confirmation for the
presence of supermassive black holes powering active
galaxies. It is in this extreme environment of the black
hole event horizon that stronfield GR effects become
evident and the accretion and outflow processes that
govern black hole feedback on galact@ales originate.
Imaging black holes on event horizon scales that resolve
these effects and processes would enable new tests of
general relativity and the extraordinarily detailed study
of core AGN physics. In the near future, the EHT will be
able to m&e the first reattime movies of SMBHSs (like
Sgr A*) and their emanating jets.

MEMBERS

I. Agudo,A. Fuentes, J.L. GémeEE. Ruiz i¢azq G. Zhao

INVITED RESEARCHERS

Dr. Rocco Lico (MaRlanckinstitut fir Radioastronomie,
Germany); Dr. Hirokbkino (National Astronomical
Observatory of Japan); Dr. Clemens Thum (IF3x&hada)

LINES OF RESEARCH

Multi-wavelength observations of AGN jeiRelativistic
MHD and northermal emission simulations



ARAE

(ASTROFISICAOBOTICA Y DE
ALTAS ENERGIAS)

Overview

The ARAE research growas founded in 2001 (under
the auspices of the PAI), although some of its members
had already started their activity in 1990. Scientists and
engineers are working on a variety of projects,
combining their strengths. Research areas are multi
range observatins of highenergy phenomena,
theoretical stellar evolutionary models and models of
stellar population synthesis. Significant technological
developments are also carried out, regarding the
robotization of small/medium size observatories and
astronomical istrumentation development such as the
BOOTES network of telescopes. We are also involved in
spaceborne missionsTeaching, public outreach and
citizen science are also part of the ARAE activities.

Highlights in 209

- GRB 160821Bvas a shorduration gammaray burst
detected in the outskirts of a spiral galaxy at a redshift
z=0.1613, at a projected physical offset of 16 kpc from
the center of that galaxy. We obtained multiwavelength
observations and modeled them with two distinct
components of emission: a standard afterglow, arising
from the interaction of the relativistic jet with the
surrounding medium, and a kilonova (KN), powered by
the radioactive decay of the stielativistic ejecta.
Analysis of the KN properties suggested rapid
evolution toward red colors, similar to AT2017gfo (the
KN associated to the gravitational wave GW170817),
and a low nIR luminosity, possibly due to the presence
of a longlived neutron star (NS). The global properties
of the environment, the inferredow mass (Mej=0.006
Ms ) and velocities (Vej>0.05c) of lanthanideh ejecta
are consistent with &dinary NS merger progenitor [22

- In order to address the development of astronomical
observatories through history, from an architectural
point of view we focused or32 observatories (in the
period 12592007) and carefully analyzed their
architectures. Considering the impact of the
construction itself or its facilities on the results of the
research (thermal or structural stability, poor weather
protection, turbulence, etc.). We presented a
theoreticaktcritical contribution that, at least, invites
reflection of those involved in the development of
astronomical observatories in the future [35 A
classification of astronomical observatories into 10
architectural types was also proposed (Castro Tirado
2019, PhD Thesis).

1839 Harvard

wmssilissssl i,
EREISITES
©]
3 es

1908 Mou

'y

1959 C. Donald Shane Telescope

int Wilson 60-inch

1912 Harburg-Bergedort

@ GEO Cm

1948 Hale Telescope

Programmatlcfunctlonal conflguratlon in |ts evolutlon

from the Islamiemedieval observatyr to the
contemporary one for the analysed sitesalgs arethe
same to allow direct comparisg@5]

MEMBERS

A.J. Castrdirado,M.A. CastreTirado,A. Claret dos Santos and
EJ.FernarezGarcia

INVITED RESEARCHERS

Ayala GémezA. (UGR), Caballero Garcia, BL (CAS, Rep.
Checa); Lépez Casado,@1(UMA); Martinez Delgado, D
(MPIA, GermanyRérez del Pulgar, @JMA) Hu, Y,.ZhangB.
(Nanjing U., China)

LINES OF RESEARCH

Robotic AstronomyHighEnergy Astrophysics
Astrophysical Transient¥heoretical Stellar;
Evolutionary modelsModels of stellar population
synthesis



GALAXY EVOLUTIO

Overview

The group conducts observational and theoretical
studies over a wide range of issues on galaxy structure
and evolution and cosmology, from the inner stellar and
diffuse components to their largscale cosmic
distribution and evolution. This is complemented Hhwit
participation in instrumental and technological projects.
Our main topics include the physics of star formation,
the diffuse medium in stellar clusters and galaxies, the
nuclear activity in galaxies, or the environmental
dependence of the structure andvelution of galaxies.

These activities include supervising PhD, teaching, public

outreach, and eScience.

Highlights in 2019

- Revisiting the hardening of the stellar ioinizin
radiation in galaxy discs [195The equivalent effective
temperature of ionizing massive clustensas derived
using relative intensities of optical emission lines and a
new bayesiadike codedevelopedby us With this code
we analyzed the hardening of the ionizing stellar
radiation acres the disc of nearby weatharacterized
galaxies, like M101.

- A bayesiadike approach to derive chemical
abundances in type2 AGNbasal on photoionization
models [194. We released a new version of the code
HIFCHimistry to derive chemical abundances i
Narrow-Line Regions in Seyfert 2 galaxies from optical
emission lines. Results for a samfiem the literature

led to both, higher oxygen abundance and ionization
parameter as compared to storming galaxies.

- Searching for intergalactic star formingegions in

{ 0 S LIKQuintetawith SITELLEG0]. The spatially
resolved kinematics, ionized and diffuse gas of Stephan'’s
Quintet (SQyvas analyzed with the 11'x11"' fielof-view

of the CFHT imaging Fourier transform spectrograph
SITELLE, allowimgmplete sampling of interactions in
the entire galay system. Our observationgvealed a
complex 3D strands system in SQ for the first time

- Metals and dust content across thgalaxies M 101
and NGC 628 [249We studed the spatially resolved
metal content and dust of the nearby spirals M101 and
NGC 628. Abundances of themisgand stars, and dust
content wee studied within chemical evolution. We
derived oxygen effective yield {y) and gago-dust mass
ratio (GDR) aass both galaxies; we fodnthe metal
budget consistent with the simple model of chemical
evolution, for y between 0.5 and 1 solar; suggesting
some gas flows for outermost M101. The derived GDR
vs.metallicity relation shows two slopes, breaking at 12

4 . :m".
Stephan's Quintet complex 3D Ha strands uncovered wi
SITELLE. Fragmaige of A&A September 2019 [60]

Top: HI PV diagram of HCG 16. Bottom, left: PV slice as 3
line on the momentero; ight: same line on DECaLS r [[114

Sb+Sb 11,1, =43 Tagn = 10%yr

INTERMEDIATE STRONG

-t

30 35 40 45 50 55 30 35 40 45 50 55
tmee (GYT) tner (Gy7)

30 35 40 45 50 55
teoae (GYT)

Intrinsic (top) and observed (bottom) fractions of DAGN i
equal mass mergers of Sb spirals in the nearby universe 4
function of merger timescale [230]



7 ~

u K

b f236hk! 0
models.

F yonz

- Stellar masdgo-light ratios (M/L) from CALIFA [$1
We applied the fossil record method of stellar
population to 450 galaxies, observed with IFS in the
CALIFA survey, arterived the radial structure of the
M/L. We measured observed and synthetic radial colors
in the optical to study the spatially resolved M/L vs. color

relations (MLCRSs). The sample covers all morphologies

and galaxy stellar massespm 1084 to 102 Mg . Our
main results wee that (a) M/L has a negative gradient,
steeper within the central 1 HLR; it is steeper inSBio
than in earlytype galaxies. (b) The MLCRs have a scatter
of 0.1 dex; the smallest dispersion found for the

O NX (thaDfrefuentiésliof Hinbrk §yitdmd rabgdBiRts G5%6S R 6

These are reduced tenfold when applying observational
constraints from the DAGN fraction at low redshift. We
demonstratel that the most common limitations in the
detection of close active pairs are suffidi¢a reconcile
the intrinsic and observed frequencies.

- Exploring the MIBinfrared SEDs foSix AGN Dusty
Torus Models [8586]. We analyzed all available torus
models and compared them with real dateoncluding
that discriminating models require midfrared
spectroscopy if the host galaxy contribution is less than
50%.Hoenig clumpy disk plus wind best represents high
luminosity objects, while Nenkova clumpy model is best
for low luminosity AGNs.

O2YoAylGAz2ya HBAZ B WO IND B OFRAIQINE Maks E&tivdRes Quasars at high redshift

emission line do not affect the scatter. Morphology
does not have a significaeffect, except if the general
NBfFdiA2y A& dzaSR F2NJ 3l I
0fdzSNJ GKFYy o6dz b A0 f nd 0
MLCRs(Seehttp://pycasso.iaa.es/M)L

- AMIGAteam found that the neutal HI gas in HCG 16
is consumed by tidal ewounters and star formation
[115]. The workflow is fully reproducible and executable
in the cloud. The team studied Hich, ultradiffuse
galaxies, finding that their properties cannot be
explaired by environmental effects [109In [29] we
made a comprehensive study of the optical
morphologies in the AMIGA sample.

SKA coordination activities mtinued, e.g. the Open RIA
meeting "Spain in SKA!", or the negotiation of contracts
for SKA construction. As-ohair of SKA HI SWG the P.I.
of AMIGA gavealks on the requirements of the HI
community for the future SKA regional centres (SRCs).

AMIGA contibuted to design a SRCs network for
researchers to exploit data according to Open Science

[156.2 6 Fylt&aasSR GKS
test whether thewidth of the hiiﬁonizati,on CIV could ,

befused as MR §r§augniﬁ'g§ 'ti:fator(zﬁwi b rediie D
O n 8K Ll R laflss ot Soce 5 S

/| Lx<mpnd)

h
stird ©
high S/N optical and NIR spectra of 76 QSOs covering a

wide range in luminosity (#83x10*® [erg/s]) and
NERAKATFG ol rnbovd [FNBS o6f dzS3
of the BLR is not virialized, so FWHM(CIV) cannot be

used withoutsignificant corrections. Once FWHM(CIV) is
corrected considering the Eddington ratio and the
luminosity of the quasar, we obtained a new ®ased

scaling law that yields unbiased BH masses with respect

G2 GK2&4S oFasSR 2y 1i o

MEMBERS

Castillo, M.T, Cazzoli, S.; DamadA.E.; Duarte lrertas, S.;
FernandezPefig M.; Gacia Benito, R.; Garrigd.; GonZéz
Delgado, R.M.Gutiérrez, J.Hermosa, L.; Iglesiad.; Jones,
M.G.; Kehrig, CLuna S.;Marquez, I, Martinez SolaecheG.;
Masegosa,).;Moldén, J.;del Olmo, A.; Perea, J.D.; Pérez, E.;

(OS) principles, and to the H2020 ESCAPE, that Pérez MonteroE.; Povic, M.Rodriguez Martin, J.; Roman, J.;
addresses OS challenges shared by ESFRI facilities irSanchezS.; Verdesontenegro, L.; Vilchez, J.M.

Astronomy and Particle Physics. AMIGA's P.l. was
designated by th Ministry as Spanish representative in
the SRC Steering Committee and leads the development
of an SRC prototype at the 1AA, with support from the
IAA Severo Ochoa programme.

- Dual AGN fractions from major mergers [230We
used a suite of 432ollisionless simulations of bound
pairs of spirals with mass ratios 1:1 and 3:1, covering a
wide range of merger parameters and global properties
consistent with lambda CDM, to study the connection
between dual AGN (DAGN) and major mergers. A
feature of air treatment is that it allows us to obtain
large sets of experiments to do statistics on the
parameters governing dual activity, including
constraints in projected distance and velocity that mimic
the limitations of AGN surveys. Our simulations sadw

INVITED RESEARCHERS

LA. DiazGarcia (ASIAA, Taiwan); Martinez Aldama (Center
for Theoretical Physics, Polish Academic of Sciences, Poland);
P. Marziani (Osservatorio Astronomico di Padova, INAF, Italy)

LINES OF RESEARCH

ActiveGalacticNuclej Astronomical instrumentatign
Cosmievolutionof galaxies OpenScience
Physicsof Quasars Starformationand violent SF

in galaxies Synthesis of stellar populatiorihe

interplay between massive star formation and chemical
evolution in galaxiesThe influence of the environment
on the evolution of galaxies
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(HIGH ENERGY TRANSIENTS 3 -
AND THEIR HOSTS) o
. = & ¥ . :;;/;/rlzsw 410 3
E -
Overview EL 2
8,/8" Afterglow =
HETHocuses on the study of explosive transients and ——8,/s" Host Galaxy

g,/2' Supernova

their host galaxy environments. We study gammg
bursts (GRBs), supernovae (SNe), novae, fast radi . -

bursts (FRBs) and gravitational wave counterparts (GW e e i e
For our research we use multiavelength data fom
ORM, OSN, CAHA, VLT, ALMA and NOEMA. AnotHE=IsRteR{ =B I¥]i:{eETyTe BN [fe]al SReII V=001 M1 TSR €T 2 =P i D20l
interest are the environments of stellar explosions to EEGE (] o) YAETaTe B NRv{0)8 U R g o)V Ta[o It (VLT3 YA o] [VTEI=T 00 [STS
learn more about their progenitors. Finally, we also EEBESJIERENES S llidel# oMt MRS NNENE L (A [l =t N
devote time to develop new astronomical EEROREEIRY I NNEK:TAT

instrumentation. HETH is member of several
international cdlaborations to study GRBs and SNe, b
their hosts as well as GW counterparts.

Highlights in 2019

- Highly luminous supernovae associated with gamma
ray bursts I. GRB 111209A/SN 2011kl in the context of
stripped-envelope and superluminous supernovae

GRB 111209A was one of the longest GRBs evq
discovered, lasting around six hours. It was accompanie(
by a bright afterglow and an exceptionally luminous SN. -
This SN resembled superluminous SNe and in Kann et 4 -y
we placed SN 2011kl into the context ofaagle sample
of strippedenvelope SNe, showing that it has
exceptional properties compared to other GBRe.
This also offers strong evidence that this SN must bd
powered by magnetar central engine instead of classica
56Ni decay [11F

.
e

Top Color image of the host of GRB 171205A and the &Rl
in an outer spiral arm. BottomSED evolution of thd

cocoon/SN showing the double BB8]

- Signatures of a gt cocoon in early spectra of a

supernova associated with a gammray burst

GRB 171205A, one of the closest GRBs to date at only MEMBERS

160 Mpc, .had avery weak afterglow. This allowed us, for CJ.E. AgiiK BenschM. BlazekL 1zzoD.AKann CC. Thone:

the first time, to detect emission from a hot cocoon A de Ugrte

surrounding tle jet at less than a day after the explosion,

expelling material from the very center of the star. Such

a cocoon had been predicted by theorists, but never LINES OF RESEARCH

observed before. Gammaray bursts Supernovae (Type lin, breéde Ic,

The material in the cocoon moved at speeds up to SLSNe, GRENe)Supernova progenitorflovae and

100,000 km/s, consisting almostiely of Ni and Fe nova remnantsGrav_natlonaI wave counterparts

peak elements. The hot cocoon rapidly decays in time, GRB/SN host g]]calaiqe_s ar_1d GRBéBNronmI(ents

giving way to the usual afterglow (powkaw) and Starburst dwar galaxies in 3Bstronomica
Instrumentation

supernova (blackody, BB) emission observed in other

long GRBELOS].




LOWMASS STARS
AND EXOPLANETS

Overview

h dzZNJ 3 NP dzLJ & -mé&sd staksQexoplanéts dn@ ¢
F2a20AFGSR AyadNHzYSy il da2
planetary systems and their lomass stars. In the last
years, the community has focused on these stars
because of the great interest they present fanet
discovery of temperate rocky planets that could sustain
liquid water. Therefore, we work in all possible aspects
of the problem, from the general statistics and physics
of the formation and evolution of exoplanets and their
atmospheres to the internaltsicture and magnetic
activity of their stars. The group includes personnel with
experience in theoretical studies of stellar structure and
evolution, magnetic activity, asteroseismology, observa
tions with space and groundbased instruments,
technical deelopment of new instrumentation, project
management and system engineering.

The group hosts the eBlship of the CARMENES
consortium.CARMENES (Quirrenbach et al. 2018, SPIE,
10702E, OW) is a worldwide unique instrument;led

by the 1AA, that startedts scientific operation at CAHA
observatoryin 2016. It is collecting higprecision radial
velocity measurements simultaneously in the optical
and the neasinfrared for a survey of more than 300-M
dwarf stars to search and characterize temperate rocky

exoplanets. Furthermore, CARMENES has shown to be a and search for additional planets in known systems. One

groundbreaking instrument for the study of exoplanet
atmospheres opening new lines of research from the
ground in this field.

Highlights in 2019

In 2019, wecontinued collecting data of M dwarfs both
with CARMENES and with photometric instruments at
the OSN to produce exciting results. CARMENES is
already the largest exoplanet say for M dwarfs to
date. Italready demonstrated its capabilitiepublished

oM LJ LISNB 90K G&/y! wid8havNI i
planets discovered increasing in 50% the number of
planets that existed in the parameter space probed by
our instrument.

- Discovery of two temperate (inside the liquidvater

¢ PLANET B

. PLANET C

-GaKS LX I ySi 0KIFG GARMENER
detected a massive planet, with a minimum mass of 0.46
times the mass of Jupiter, and provided evidence for the
presence of a second candidate higlass planet
aroundthe small red dwarf GJ 3512 [6The system is
unigue among those detected so far with RVs and
challenges current theories of planet formation and
evdution. Furthermore, indications point towards the
presence of another giant planet that was ejected when
interacting with theother two, making it very difficult to
understand how such a small star could have formed
three giant planets. Possibly the protoplanetary disk
was extremely massive.

- We participate in several collaborations to detect
planets in the closest systems to the Suriarefine the
orbital elements, constrain their physical parameters

of the results from one of these collarations were
published in [20f which followed up the transiting
planets discovered by ®&wT with groundased
photometry. We refined the ephemeris in all these cases
and reduced the uncertainties of the orbital periods by
factors between 1.2 and 33. In most cases, our
determined physical properties for individual systems
are in agreement withvalues reported in previous
studies. However, in one case, CoRd@1b, we could not
detect any transit event in the predicted transit window.

-,In: qurs efforts understand the plandtosting M
cf%/é{r?s,%eqc%t‘%ue our efforts to understand and
detect pulstions in this type oftar [see our review

paper, 211
MEMBERS

habitable zone), terrestrial (1.1 i) planets around
¢SS3IINRSyQa
(spectral type M7.0V) and one of thelosest to our

Solar System [255These planets constitute, therefore,

50 F N -cooll Kiarf o NEJTRTE & Fauend RyefeezC T. Rodriguez Lopez, €.

Rodriguez
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the fourth closest exoplanetary system with potentially

habitable planetsDetected with CARMENES data qnly

the planets are the smallest ones detected around this
type of star with the Doppler technique. Teegarden b is
the planet with the highest Earthimilarity index

M. Oshagh (IAG, Germany)Qlivares (Diputacion de Sevilla)
B. RojasAyala (UNAB, Chile)JAPozuelos (University of
Liege, Belgium)
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discovered so far. The star is very close to the ecliptic
(the plane of Earth's orbit around the Sun), hence
observers who directed their telescopes toward the Sun
in 2044 would see the Earth transiting our Sun.

Stellar structure and @ution of very lowmass stars;
Asteroseismology Exoplanets; Magnetic activity;
Astronomical instrumentation
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PLANETS AND
MINOR BODIEOGF
THE SOLAR SYSTE

Overview

Three are the research areas comprising the group
"Planets and minor bodied the Solar System": Planets,
minor bodies of the Solar System and Cosmic Dust
Laboratory.

Broadly speaking, this group aims to provide us with an
integrated view of the Solar System (excluding the Sun)
making use of observational data obtained from ground
and space. Moreover, several members of the group are
focused on the development of models of planetary and
cometary atmospheres in the Solar System.

Regarding the data obtained from space, it has to be
noted that we are involved in 5 planetanyissions from
the scientific as well as from the technical point of view.
All technological challenges that we face are mostly
devoted to electronics engineering, being developed by
members of the UDIT.

The main objectives are:

a) Minor bodies: formationrad evolution.

- Ground and space observations in nugipiectral
ranges.

-Theoretical modeling regarding both thermophysical
and coagulation processes, and physical properties of
dust in comets and MaiBelt Comets by Monte Carlo
dust tail models.

SinceTNGs are believed to be the least evolved objects
within our solar system, they carry very important
information on the initial phases of the solar system,
with also implications to other solar systems.

Therefore, their study is important in order to
understand the early phases of solar system formation.
b) Planetary atmospheres and surfaces:

- Origin and evolution of the water content and its
derivates in the atmospheres of the Giant Planets and
Titan.

Determination of the turbulent transport and chemical
schemes controlling the measured vertical profiles by
the HIFI instrument on board the Herschel Space
Telescope (ESA)

- We are developing applications for the scientific
exploitation of the data provided by the laser altimeter
(BeLA) on board the Bepi Colbmmission. These data
are related to Mercury geology, geodesy, interior and
surface characteristics.

¢ We are stronglyinvolved (CoPl level) from a
theoretical and technological point of view in the
NOMAD (Nadir and Occultation for Mars Discovery)
instrument on board of the ESA Exomars TGO Orbiter.

10

S TGO detection attempts combined with the MSL enriched mode dataset

MSL
Data
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Upper
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&
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Reported CH, (ppbv)
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Solar Longitude (degrees)

Upper limits foilCH4 obtained by TGO (ACS and NOMAD)
compared to seasonally variable background methane as
measured by SAMLS on Curiosity

- 1AA Cosmic Dust Laboratory (CODULAB): Experimental
study of the angle dependence of the scattering
matrices of dust samples of interest for the Solar System
research, i.e., mineral dust particles that are qutial
candidates for being present in the planetary and
cometary atmospheres of the Solar System (e.g. olivines,
pyroxenes, basalt, palagonite, calcite, carbon, etc).

Highlights in 209

¢ Scientific operative phase oNOMAD on board
Exomars.

- The presence, if any, of th®lethane in the Mars
atmospherewasestablished under 0.5 p.p.b.v. i.£200
times lower than previous published determinations
[123.

- Photo-polarimetry proved as a useful tool for
characterizing cosmicust graing[76].

- Asteroid (6478) Gault is a new member of the Active
Asteroids clasef bodies, releasing dust likely as a result
of a rotational disruption [168
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PHYSICS OF THE
INTERSTELLAR
MEDIUM

Overview

This group studies the formation, evolution and death of
stars at different mass and spatial scales across distinct
environments.

The early stages of star and planet formation are studied
through radio interferometric observations and
modelling of the obsrved emission. Infalling molecular
envelopes, dusty circumstellar discs and ionized radio
jets in young stellar objects are studied. The architecture
of nearby exoplanetary systems is inferred by studying
the leftover debris dust structures after the ermd the
planet formation process. High angular resolution
observations are used for analysing the multiplicity of
massive stars.

The final stages of a star's life are studied by the multi
wavelength characterization of evolved stars and the
wind-blown bubbes around them, to understand the
processes that shape planetary nebulae (PNe) and the
circumstellar medium around massive stars.

Radio interferometric monitoring of supernova (SN)
explosions and their distribution in Ultra Luminous
Infrared Galaxies (URGs) is also carried out to
determine the SN and star formation rates. We also
disentangle the mechanisms for gas and dust heating.
Highenergy phenomena are studied at different scales.

Highlights in 2019

- Within our studies ofnassive starsvith radioand NIR
interferometry, we observed the triple hierarchical
system HD167971 with VLBI, confirming that the
detected nonthermal radio emission is associated with
the wind-wind collision region of the spectroscopic
binary and the tertiary componentThe mophology of
the emission changes in accordance with the predicted
orbital motion of the tertiary around the spectroscopic
binary, as determined from NIR interferometric
observations. The total intensity also changes between
the two observing epochs in a wahat is inversely
proportional to the separation between the two
components, with a negativeteep spectral index
typical of an optically thin synchrotron emission. The
astrometric solution derived for the stellar system and
the windwind collision regin is consistentwith
independent Gaia data [2].6

- We presented VLBA observations of the water
F2dzy Gl Ay Lw!{ MywmmMobHpnox
location and 3D velocities of its water maser§l81].
Water fountains are evolved stars with higklocity jets
traced by water maser emission, and they may
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known (~350 km/s). Our VLBA observations show three
episodes of mass loss, ejected at intervals of 10 yr. This
suggests the presence of a binary central star with that
period, whereas evidence for binaries with such long
periods is very scarce in evolved stars. The decelerating
pattern ofejections indicates that they move in a dense
medium, which may imply that the secondary is of very
low (even substellar) mass.

- Thecentral star of the planetary nebula NGC 2392, the
Eskimo Nebulahas long been suspected to be binary,
but optical dataY LJt & (g2 Ay O2y &ARAE (S
RIe LISNA2R RSNAGSR FTNRY b —
hour period derived from N IV absorption lines. A ool )
Chandra »ay observation of NGC 239@nveiled
extremely hard Xay emission from its central star, I g
which can on} be attributed to accretion onto a ; e
compact companion stab ¢ & Sourfmodulation of f i
the Xray emission provides key information to
understand this system: the tday period corresponds

to the rotation of the central star of the Eskimo, whose
atmospherds irradiated by a hot companion, theh®ur
period to the rotational period of this companion,
probed by absorption lines in its atmosphere, and the 6
hour period to the orbital period of the binary system
implied by a hot accretion spot [88

- The ealy phases of star formation are characterized
by infall motions of ambient material onto a central
protostellar object In previous works we showed that a
signature of this infalling matter is a central blue spot in
the intensityweighted velocity imagedn this work we
derive ananalytical expression for this velocity as a
function of the projected distance to the centerThis
method is applied to existing data of several star
forming regions, namely G31.41+0.31 HMC, B335, and
LDN 1287, obtaining gooddiand deriving values of the
central masses onto whicthe infall is taking place [§4

MEMBERS

Artistic view of the binary system at the central star of tl
Eskimo Nebula. The atmosphere of the central star (C§
is irradiated by a hot white dwarf (WD), which accret
material from the stellar wind of the former onto a|
accretbn disk. The tofeft inset shows a Chandra and H¢
composite picture of NGC 2392, where theyemission
is shown in purple. The botteright inset shows Xay
light-curves of the extended (constant) emission from t
hot bubble in NGC 2392 and the mssource (modulatg)
emission at its central star [88

A. Alberdi, G. AngladaG. Blazquetalero, A.K. Diaz
Rodriguez, J.F. Gbmez, M.A. Guerrero, L.F. Miranda, M. Osorio,
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RA Offset (arcsec)

Image of the H13CO+ integrated emission (contours) i
intensityweighted velocity (color scale) of the B335 c¢
LINES OF RESEARCH showing the central blue spot towards the position of t|

embedded protostar. Thimsets show the radial velocity
profiles of H13CO+{from Nobeyama)and 13CO(from
ALMA) The dashed lines show the best simultaneous fi
all the data, deriving aentral mass of 0.1 solar masgéd]

Massive stars and their surroundingdar and planet
formation modeling and observatign Multi-
wavelength study of PNe and their precurs@tellar
endproducts, accretion phenomena and the ISM in
LIRGs md ULIRGsrospective Science work for/ASK
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SOLAR PHYSICS

Overview
¢KS L!!'Qa {2fI N tKeaaroa
interests root in solar spectropolarimetry and

magnetic fields from all the thregoints of view:
theoretical, observational, and instrumental.
Investigations and developments are carried out on:

wthe radiative transfer equation (RTE) for polarized
light in the presence of magnetic fields, in order to
work out the sensitivities of thé&tokes spectrum on
the various physical quantities of the solar
photosphere,

w the inversion of the RTE for its use on the
interpretation of spectropolarimetric measements

in terms of the thermodynamic, magnetic, and
dynamic parameters of the Sun,

wthe structure and physical nature of photospheric
magnetic structures like plage and network flux tubes,
the umbra, the penumbra, and the moat of sunspots,
and the internetwork magnetic fields,

wthe design, development, and construction of solar
instrumentaton.

Highlights in 2019
Science

- A review study of the quietSun magnetismwas
publishedin Living Reviews in Solar Physics [19]. With no
more than 100 articles, this high impact (> 12); by
invitation only journal maintains an ujp-date view of
most important topics in solar physics. With this 124
page long paper, our team members offer anmpete
picture of the current observational knowledge in the
field.

- A thorough study on the characterization of both
isotropic and anisotropic Fabrpérot interferometers
was carried out [13,14]. We discusd the chosen
configuration (collimated or tekentric) for both ideal
and real cases. For the real cases, we fedumn the
effects caused by the polychromatic illumination of the
filter by the irregularities in the optical thickness of the
etalon and by deviations from the ideal illumination in
both setups. The birefringenceffects of crystalline
etalons wee thoroughly studied and the possible
consequences in the Stokes pted of selected spectral
lines wee discussed.

Instrumentation

- Prestudy of the image stabilization system for the PMI
ina U NdzySyu 2% 0KS 9{! Qa
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—— Collimated
|l | — 140
|- - -fl40

quasi
—f/80

- _ffaoquw

Normalized PSFs of Falitgrot etalons calculated in the
telecentric configuration at f/40 (blue) and /80 (red) ar|
in the collimated configuration (black) line fot normi
illumination of thepupil. The quasinonochromatic PSFs g
both fnumbers are also represented (dashed lines)

- Manufacturing and tests of the AMHD and DPU
prototypes for the TuMag and SCIP instruments of the
Sunrise Il mission.

- Thermovacuum tests of the TuMag and SCIFhaase
designed and manufactured, cameras.

- Tests of the electronic inverter and data compression
aeadsSvya T2NJ GKS {hktllL
Solar Orbiter mission.
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STELLAR SYSTEMS

Overview

The Stellar Systems Group (SSG) was created in 1988.

Since then, our research interests have diversified, even
though the group has grown at a slower pace. The
group's development is based on the two basic concepts
of internationalisation and specialisatio We are
leading the study of stellar clusters, massive stars, and
the Galactic Centre. Currently, the group is studying the
connectionbetween starforming processes and spatial
and kinematic structures at different scales
(http://ssg.iaa.e$, has finished an unprecedented study
of the Galactic Centre regiort{p://gc.iaa.eg and is
creating the most complete cataloguef Galactic
massive stars.

The Galactic Centre is located at onlg#® from Earth.

It is the only nucleus of a galaxy that can be observed on
milli-parsec scales. Therefore, it is fundamental for
studying supermassive black holes, nuclear star clusters,
or the physics of star formation in conditions that
approach thosen starburst galaxies and in galaxies at
the peak epoch of star formation in the Universe. The

Galactic latitude

216,000 214.000 212,000 210.000 208.000 206,000 204,000
Galactic longitude

A dust extinction map of the Orion A molecular clo

derived from Hersch&PIRE / Planck / 2MASS infrar
maps [2B]. The symbols indicate the locations of deng
peaks identified with our technique; orange squa
indicate the locations of density peaks in the Tail-s
region, green circles are peaks in the rest of the cloud,
red dots indicate positions of peaks coincident with Yo
Stellar Objects

formation of stars fron a cloud of molecular gas.
Analysing the molecular clouds The Pipe and Orion we

IAA Galactic Centre Group (GCG) approaches these determined the primordial nature of spatial

questions mainly via high angular resolution infrared
observations. It evolved from a omean team to a real
group thanks to an ERC Consolidator Grant (20Q49;

collaborates with teams in leading international

segregation by mass of prstellar cores and as/olume
density, not mass, is the factor that generates a better
definedspatial segregation [213This result shows that,

Pl Schoedel). The GCG s internationally well known and mass and density, spatial segregation appear in the early
stages of cloud collapse and fragmentation, and are not,

AYyaidaiddziSa 6So3ods b o b Sdzy loendtmalyaduetaiite dai dymandcel delxp®Nof thenp dzLd

GKS DSNXIFYy atL! 3 2 NIGrodpaD K Sstelfag systami Wedasp @erfped \a gomprehensive

UCLA). The next big project of the GCG is an analysis of the new GALANTE photometric system
[141], mainly developed for tailoring a homogeneous

catalogue of the bright (V~17) northern Galactic disk.

unprecedented proper motion study of stars in the GC
to unravel its components and formation history and to
study the presentday initial mass function in this
emblematic environment.

Highlights in 219

- Key results obtained under leadership of the GCG in
2019 were: (1) The first data release of the
GALACTICNUCLEUS suridé&yr]: The stateof-the-art

near infrared survey GALACTICNUCLEUS (JHKs band

nNoHE Fy3Idz F N NBaz2tdziaz2yo
work by a factor of roughly 100 in the number of
measured sources and provides a rich data mine for
studying the centre of the Milky Way.)(Rentification
through proper motions measurements of a new

OFYRARFGS F2NJ GKS YIye aYAGuRadioCRritrdBivesarebhhaionarid NE | i

Galactic Centrg224).

- One of the primary objectives of the Stellar Systems
Group is to establish observational constraints that
allow us to distinguish between the different models
and proposed physical processes that drive the
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STELLAR
VARIABILITY

Overview

Research in the stellar variability group has beslated

with the fractal character of time in the time series
describing the light curves of some pulsating stars. This
can be the origin of many peaks in the power spectra of
several objects which are not yet understood.

Recently, we have included the efts of rotation on the
pulsations of stars and one paper concerning the
interplay between Astroparticles and Asteroseismology
has been published and within the PLATO2.0 project.
Besides, activity related with open science within the
project SKA.ink havded the group to participate in the
ESCAPE European project.

Highlights in 2019

- We participated in theasteroseismic analysis of 200
light curves from sector 1 and 2 of the TESS mission
this worldwide collaboration, classification of the
pulsation02 y i Sy i oAy + { gvariables
stars), and comparisonwith the theoretical models
where made. Results allowed us to announce the
discovery of the roAp with the shortest ped known to
date (4,7 min) [4# and to confirm that the mixing
processes in the outer envelope of intermediatgss
variable stars are relevant regarding the excitation
mechanisms theory [8].

of light curves of pulsating stars in order to derive their
internal structure parameters and how they evolve.
Development of specific numerical codes for the
treatment and analysis of data generatdoly the space
photometric mission PLATOZ2i§ a task assumed by our
team. This study includes standard harmonic analyses
and nonstandard fractal time series analysddsing
these techniques, wéound [4§ that there is afractal
background componentdetermining the frequency
content extracted using classical techniques. In addition
to this, the innovative application of fractal techniques
resulted especially relevant to extract true oscillation
modes in iterative harmonic fitting procedures, pointing
to a new stop criterion based on the percentage of
fractal component that is present in the residuals of the
fitting.

- Implementation and development of the TOUCAN
virtual observatory tool. This tool isa reference of
management, comparison and analysis df@ssmatic
models. Creation of workflows for the processing of
observation data following the precepts of
reproducibility of the "Open Science" within our
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Fractal analysis technique CGSA as a new stop criterio
the frequency extraction from the k¢ curves of pulsating
stars [46

participation in the ESCAPfHroject funded by the
European Community.
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ATMOSPHERES

Overview

We investigate the Earth's atmosphere by retrieving,
processing and analysing data of MIPAS and SAB
(space) and SATI (ground based instruments. We
focus on the study of the effects of solar particles and
radiation on atmospheric composition, and trends i
temperature and species abundances. We also stud IO EE e (ST(00) BrAe Ty 1M1 [=¥oTo Je [ 17] o]V ifo o o) R i
atmospheric electricity in planetary atmospheres and el =T i =IO T3 1o IVEURIEE1Y/=T = To [N o [STLV/=TCTo I
are analysing ASIM and TARANIS data. The ESA AGEINUEUCERWI K= Tals R (N A VTl oK]
mission was launched in 2018 and its data is being
currently analyzed. The GALIUS (Atmospheric kdigjr
laboratory was opened in 2018 and has been operating
through 2019. The ERC eLightning project continues i
development of numerical models of lightning. We are
analysing the Martian upper atmosphere using GC
models and Mars Express and ILMAVENdata; and
started the analysis of NOMAD/TGO data. We als
advanced in exatmospheric studies, having detected
multiband signals of H20 in hot Jupiters, and analyse
the Helium triplet absorption in the escaping
atmospheres of HD 209458 b, HD 189733 b@ad®470
b from CARMENES data

NOMAD (blue, red) and ACS (cyan, yellow) measents of
Il vh Ay alNBQ I {Y2aLKSN#&ring S

Highlights in 2019 (red and yellow) the storij246]

- We developed thdirst global atmospheric chemical

modeling of stratospheric blue jetand found that they e ; ¢
can have a nomegligible impact on key greenhse e s
gases as N20 and O3 []93 - .
- The NOMAD and ACS instruments (ExoM&®) % g
captured thedevelopment of Mars global dust storm of i
2018 and monitored the increase in atmospheric H20 : :
YR 15hed ¢KSasS RIdGF | NB ;» :
atmospheric escape and its padimate[246]. 2
- We detected water vapour in the hot Jupiter HD gty db RIS :
209458b in the neatR (0.961.06 um). This is thirst Ywind [Km/s]
detection of H2O from this band individuallywe also
obtained firm evidences of dayto nightside wnds at
the terminator [21§.

al N& ¢

S/N map of H20 in HD 209458b obtained with the CCF
technique in the NIR. Maximum significance is found at t
planet velocity D150 km/s)[218]
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Univ.); Ruth Lieberman (GSFC, Greenbelt, USA); John Planedtmospheres modelling and analysis of grodraded
measurements
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THEORETICAL
GRAVITATION AND
COSMOLOGY

Overview

20th-century physics totally changed the way we
understood the world by giving birth to two
revolutionary theories, General Relativity (GR) and
Quanum Mechanics (QM). However, it has left us with
a giant puzzle, which might turn to be the seed of a new
revolution. Instead of having a single theoretical
framework with which to understand nature, we have
two, and two that are mutually inconsistent, adst as

far as we can see. In order to describe a system or
process in physics we have first to decide which of these
two realms it belongs to. Then, we can proceed with the
corresponding machinery. The situation is not
particularly appealing, but one mighass over in silence

if there were no system or process belonging to both
realms at once. But this is not the case, there are at least
two situations that askdr GR and QM at the same time:
the formation and evolution of black holes and the origin
and evolution of the Universe as a whole, the subject of
Cosmology. The main activity of our group is to
investigate these two situations and to search for ways
of combining the gravitational and the quantum realms.
For that we use a wide range of techniquesork
geometrical techniques in GR to grotigeoretical and
condensed matter techniques.

Specifically, our group works on a number of specific
subtopics that we briefly describe here.

1. Gravitational collapse in theories of gravity beyond
Einstein's GR: Ware interested in making a comparison
between the collapse process in standard GR and that in
other gravitational theories that incorporate
modifications to GR. In particular, we analyze the effect
that a specific regularization of the classical singylarit
would have in the process of collapse itself and in the
final forms of equilibrium one could attain.

2. Grouptheoretical quantization: We are further
developing the grougheoretical quantization scheme
to attack the problem of quantization of GR orleast,

of subsectors of it, reduced by symmetry considerations.
To apply these techniques, we are firstly developing a
gauge theoretical version of GR mixed with other
interactions such that the internal and spacetime
symmetries appear on an equal footing.

3. Analogue and Emergent Gravity: Condensed matter
systems with emergent geometrical properties have
already proved to be very important in the
understanding of which type of quantum corrections
one could expect to see when probing gravity at high
energies. For instance, they provide a way of studying
the highenergy properties of Hawking radiation. We are
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resonant pumping

Sketch of excitopolariton device to generate a quantu
fluid of light which then makes a transition between
subsonic and aupersonic regime creating an analogt
black hole horizon

analyzing whether the dynamics of GR can also be
obtained as an emergent phenomenon.

4. The origin of the mass of the particles: One of the
biggest problems in physics is to understand what is the
origin of the mass of elementary particles. In the
standard model of particle physics, the masserges
owing to the interaction of the Higgs particle with
initially massless fermions. We are investiggtian
alternative mechanism that does not need the existence
of the standard Higgs. It relies on the possibility of
mixing gravity with other interactions and on the group
theoretical quantization of no#belian YangMills
theories.

Highlights in 2019

-We wrote aninvited review articlefor Nature Physics
describing thestate of the art of the experimental
efforts to create analogue blackole horizons in
laboratory systems We also discussed the lessongw
are taking from these effortfl 6].

-It is comma to say that a black hole should be
distinguishable from an ultracompact object because
the former cannot accommodate any hair while the
latter could. However, weshowed thatultracompact
stellar objects can accommodate just a tiny amount of
hair: they become progressively hairless as its
compactness approaches the black hole lirfiif7].

MEMBERS

V. Aldaw, J. ArrecheandC. Barceld

INVITED RESEARCHERS

L.J. Garay (UCM), L.C. Barbado (U. Vienna, Aust@ay,dllo-
Rubio (SISSA, Italy) L8erati (SISSA, Italy)

LINES OF RESEARCH

Gravitational collapse and semiclassical gravity; Group
theoretical quantization; Analogue and emergent
gravity; Origin of masses of elementary particles



CALAR ALTO
OBSERVATORY

Located on the mountain range of Los Filabres, i
Almeria, at a height of 2167mthe Calar Alto
Observatory CAHA is, since 2019pperated jointly by
the Junta de Andalucia and the Spanish National
Research Council (CSIC). The@&#Gs the reference
institute of the dbservatory CAHA provides three
telescopes with apertures of 1.23m, 2.2m and 3.5m to
the general community. The ideal atmospheric
conditions for astronomical observations anthe

aperture size of the telescopes at CAHA make of it the

most important astronomical
continental Europe.

observatory in the

The CAHA telescopes are equipped with statthe-art
astronomical instrumentation including direct imaging
optical and neainfrared cameras, and intermediate
and highdispersion spectrographs. The observatory
itself has its own technicahstallations: clean rooms,
electronic, mechanic and computing facilities, and all
sky cameras and sensors to monitor the quality of the

night sky. The observatory offers aluminizing services as

it has the largest aluminizing chamber in Europe, which
can hest mirrors with diameters up to 4mit is also
defined asSingular Scientifitechnical infrastructure of
MICINN(ICTS) for Astronomy.

SCIENTIFIC RESULT204.9

The total number of publicationsn 2019 kept the
highest score in all our historfecords with 111 papers
(see top figurg This represents an extraordinary record
considering the total number of telescopes being
operated at the mountain.

CARMENESNDS AN ANOMALOUS PLANETARY SYSTEM

CARMENES instrument;leal by the IAACSIC]etected

a giant planet around a dwarf star from the Observatory
of Calar Alto (Almeria). The pkt could have been
formed by the rupture of the disk around the star, and
not by the accumulation of gas around a solid nucleus,
as it is believed that gas giants fofr67].

CARMENE®und a giant gas planet around the red
dwarf star GJ3512, as wal indications of the presence
of anotherplanet The finding, published in the journal
Science, callethto question the most accepted model
of formation of the giant planets, which states that they
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are born from a solid nucleus that accumulates gas, and
opens up the possibility of their formation after the
rupture into fragments of a protoplanetary disk.

SPACEAND GROUNBASED OBSERVATIONS REVEAL A
PLANETARY TRIO AROUND A NEARBY STAR

Combining data from the TESS satellite and from various
instruments on the ground, CARMEN#&Song others,

led to the detection of a multiple planetary system
around a nearp star. The work, involving researchers


http://www.caha.es/news/releases-mainmenu-163/13481-carmenes-finds-an-anomalous-planetary-system-that-challenges-our-understanding-of-how-planets-form
http://www.caha.es/news/releases-mainmenu-163/13439-space-and-ground-based-observations-reveal-a-planetary-trio-around-a-nearby-star
http://www.caha.es/news/releases-mainmenu-163/13439-space-and-ground-based-observations-reveal-a-planetary-trio-around-a-nearby-star

