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Forewords 
 
Welcome to Salta! 

 
The development of radio astronomy has been linked to a strong technological impulse. 
This process is being accelerated thanks to the ambitious new instruments in operation 
and development, like ALMA and SKA. Latin American countries need to participate more 
actively in scientific research and technological developments in the area, and the LLAMA 
project is an important step in this direction. In the long term, LLAMA should be able to 
participate in the main international interferometric networks, helping to enhance the 
coverage of these experiments in the southern hemisphere. 
 
The conference "Science with LLAMA" is designed to exchange and discuss ideas, 
experiences and research perspectives in this exciting field of millimeter/submillimeter 
Astronomy. The meeting will consist of various review conferences on cutting-edge 
topics, talks on specific scientific-technological research and plenty of time for discussion 
throughout four days. Participants will also have the opportunity to visit the instrument's 
Control Center in San Antonio de Los Cobres, located about 160 km from Salta city and 
16 km from the LLAMA site (Alto Chorrilos).  
 
The event aims to promote the technological developments associated with LLAMA in 
general, consolidate the user community, form collaborative ties at different levels and 
collect material for the preparation of a document that explores and describes the 
scientific capabilities of LLAMA. 
 

 
 

 
 
 
 

Local Organizing Committee (LOC): 
 

• Andrea C. Monaldi, Universidad Nacional 
de Salta - CONICET; 

• Anibal Feder, Ministerio de Ciencia, 
Tecnología e Innovación de Argentina 
(MinCyT); 

• Carlos Porcello, Gobierno de Salta; 

• Diego Garcia Lambas, Universidad 
Nacional de Córdoba - CONICET (co-
chair); 

• Hugo Saldaño, INENCO - CONICET; 

• Ivana C. Ramos, Universidad Nacional de 
Salta (co-chair); 

• Joaquín I. Díaz, Universidad Nacional de 
Salta - CONICET; 

• Martin M. Güemes, Gobierno de Salta. 

Scientific Organizing Committee (SOC): 
 

• Carlos Valotto, IATE - Argentina; 

• Fatima Salete Correra, Poli/USP - Brazil; 

• Guillermo Giménez de Castro, 
CRAAM/Mackenzie - Brazil;   

• Jacques Lépine, IAG/USP - Brazil; 

• Jean-Pierre Raulin, CRAAM/Mackenzie - 
Brazil; 

• Manuel Fernandez-López, IAR - 
Argentina; 

• Paula Benaglia, IAR - Argentina (chair); 

• Silvina Cichowolski, IAFE - Argentina; 

• Tânia Dominici, INPE/MCTI - Brazil. 
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PROGRAM of the workshop “Science with LLAMA” 
 
 
Monday, 4th September 2022 
 
08:00 - 09:00: Registration and Welcome 
09:00 - 09:30: Introduction to the Workshop and opening remarks 
 
SESSION: Project generalities 
09:30 - 10:30: “Role of LLAMA in Submillimeter Wavelength Astronomy in the next 
decades”, Invited lecture by Paul Ho 
10:30 - 11:00: “A brief introduction to the LLAMA Observatory”, Tânia Dominici 
11:00 - 11:30: < < Coffee break > > 
11:30 - 12:00: “The origin of project LLAMA”, Félix Mirabel 
12:00 - 12:15: “CONAE and the prospects for collaboration with LLAMA”, Marcelo Colazo 
12:15 - 12:25: “CART current status and future collaborations with LLAMA”, Marcelo 
Segura 
 
< < LUNCH > > 
 
SESSION: Planetary atmospheres / Extragalactic astronomy 
14:30 - 15:30: “Millimeter observations of atmospheric chemistry and dynamics in the 
Solar System”, invited lecture by Thibault Cavalie 
15:30 - 16:00: “LLAMA, planet forming disks and isolated planets”, Octavio Guilera 
16:00 - 16:20: < < Coffee break > > 
16:20 - 16:35: “Pattern Speed determination of the NGC 2903 galaxy through molecular 
and HIdata”, Juliana Saponara 
16:35 - 16:50: “The cold dense interstellar medium in the Small Magellanic Cloud”, Hugo 
Saldaño 
16:50 - 17:30: DISCUSSION 
 
 
Tuesday, 5th September 2022 
 
09:10 - 09:30: Welcome words from authorities. 
 
SESSION: LLAMA as a VLBI element 
09:30 - 10:30: “The next-generation Event Horizon Telescope: From still images to black 
hole cinema”, invited lecture by Shep Doeleman 

10:30 - 11:00: “Studying nearby supermassive black holes at the event horizon scale”, 
Ciriaco Goddi 
11:00 - 11:30: < < Coffee break > > 
11:30 - 11:50: “BDC+DBE development at SAO for the ngEHT”, Guillermo Gancio 
11:50 - 12:00: “Microgeodesic auscultation at the Chinese Argentine Radio-Telescope 
site”, Ana María Pacheco 
12:00 - 12:30: DISCUSSION 
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< < LUNCH > > 
 
SESSION: Transient objects 
14:30 - 15:30: “Submillimetre Wavelength Monitoring of Protostellar Accretion Variability 
and Radio Flaring”, invited lecture by Doug Johnstone 
15:30 - 15:50: “How LLAMA can help us understand microquasars”, Leonardo J. Pellizza 
15:50 - 16:10: < < Coffee break > > 
16:10 - 16:50: DISCUSSION 
18:00 - 19:30: "Del Big Bang a las ondas gravitacionales", Outreach talk by Matías 
Zaldarriaga 
 
21:00 - 00:00: Workshop dinner 
 
Wednesday, 6th September 2022 
 
 
SESSION: Solar physics 
09:30 - 10:30: “Single-dish observation of the Sun at millimeter/submillimeter range”, 
invited lecture by Kazumasa Iwai, via zoom 
10:30 - 10:45: “Atmospheric opacity measurements at millimeter and submillimeter 
wavelengths at CASLEO (2552 m asl)”, Jean-Pierre Raulin 
10:45 - 11:00: “Solar Observations with LLAMA”, Germán Cristiani 
11:00 - 11:30: < < Coffee break > > 
11:30 - 12:10: DISCUSSION 
12:10 - 12:30: Group photo 
 
< < LUNCH > > 
 
SESSION: Astrochemistry  
14:30 - 15:30: “TBD”, invited lecture by José Cernicharo, via zoom 
15:30 - 16:00: “Studying the formation and environment of multiple protostellar systems 
in Perseus”, Nadia Murillo Mejías 
16:00 - 16:20: < < Coffee break > > 
16:20 - 16:50: “The hot core/outflow G331.512-0.103: a template for astrochemical 
studies with LLAMA”, Nicolás Duronea 
16:50 - 17:30: DISCUSSION 
 
 
16:50 - 17:30: DISCUSSION 
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Thursday, 8th September 2022 
 
 
SESSION: Interstellar medium 
09:00 - 10:00: “Observing the interstellar medium with LLAMA”, invited lecture by Stan 
Kurtz 
10:00 - 10:10: “Stellar population in the vicinity of the HII region G331.03–00.15”, Silvina 
Cárdenas 
10:10 - 10:40: “GS121-05-037: a new Galactic chimney with signs of triggered star 
formation?”, Laura Suad 
10:40 - 10:45: “Do HI supershells play a significant role in triggering star formation?”, 
Marcelo Arnal 
10:45 - 11:00: “Searching for the HH 31 counter-jet in the protostar IRAS 04248+2612: A 
combination of NIR and sub-mm wavelengths”, Leticia Ferrero 
11:00 - 11:30: < < Coffee break > > 
11:30 - 11:50: “Resolving the collimation zone of intermediate- and high-mass protostellar 
jets”, Adriana Rodríguez-Kamenetzky 
 
11:50 - 12:30: DISCUSSION 
 
< < LUNCH > > 
 
SESSION: Magnetic fields / Non-thermal objects 
14:30 - 15:30: “Interstellar magnetic fields and other applications of dust polarimetry”, 
invited lecture by Kate Pattle 
15:30 - 15:45: “Interstellar medium studies towards interacting supernova remnants”, 
Leonardo Supán 
15:45 - 16:00: “Probing cosmic ray acceleration in supernova remnants using molecular 
gas observations”, Alberto Petriella 
16:00 - 16:20: < < Coffee break > > 
16:20 - 16:50: DISCUSSION 
16:50 - 17:30: Wrap-up and workshop closing 
 
Friday, 9th September 2022 
 
All-day visit to San Antonio de Los Cobres, 180km far from Salta city and at 3600m of 
altitude, where operation and maintenance facilities are being installed for the LLAMA 
Observatory. 
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Title and abstracts of all contributions 
 

INVITED TALKS 
 

 
Role of LLAMA in Submillimeter Wavelength Astronomy in the next decades 

Paul Ho - Academia Sinica Institute of Astronomy and Astrophysics, Taiwan 
 
Submillimeter wavelength astronomy has made great progress in the last two decades, especially 
with the advent of interferometers like the SMA, NOEMA, and ALMA.  These instruments have 
brought great discoveries on the fine structures of a variety of astrophysical phenomena including 
star and planet formation, external galaxies, and the early universe.  The latest EHT results on 
the shadow of supermassive black holes came from the connection of these interferometers to 
large single dish millimeter/submillimeter telescopes to form a global VLBI telescope.  LLAMA will 
participate also in EHT experiments.  It will also be an enormous asset for studying large scale 
structures.  The last decade has seen the development of large format cameras with thousands 
of pixels in the focal plane.  The SCUBA-2 instrument on the JCMT is essentially equivalent to 
the development of CCD cameras for optical astronomy.  The ability to do wide-field imaging has 
applications for studying magnetic fields on the large scales, surveying for rare phenomena on 
large fields of the sky, and obtaining large scale structures such as molecular clouds in our own 
galaxy or entire maps of nearby galaxies.  The ability to have a large amount of observing time in 
the submillimeter wavelengths will also be important for studying transient phenomena.  The 
ASIAA has made good progress in the development of submillimeter wavelength astronomy.  Our 
work in building the SMA, ALMA, GLT, and the operation of JCMT, can provide support for the 
LLAMA project. 
 
 
 

Millimeter observations of atmospheric chemistry and dynamics in the Solar System 
Thibault Cavalie - Laboratoire d'Astrophysique de Bordeaux, France 

 
Millimeter spectroscopy is a fantastic tool to expand our understanding of fundamental questions 
regarding the formation and evolution of the Solar System. Spectral signatures observed at the 
very high spectral resolution offered by heterodyne spectroscopy can reveal both the composition 
and dynamics of the probed atmospheres. In this talk, I will present a selection of results that 
address the key questions of the composition and dynamics of atmospheres in the Solar System. 
These results have been obtained with ground-based and orbiting telescopes (Herschel, IRAM-
30m, JCMT) as well as interferometers (ALMA, Plateau de Bure, SMA) operating in the (sub-
)millimeter range. In a focus on giant planet atmospheres, I will show that millimeter observations 
are sensitive to deep composition and can therefore constrain formation models. The spectral 
lines observed in this wavelength range can also result from external sources contaminating 
planetary atmospheres. The interactions that exist between the giant planets and their 
environment can therefore be better understood. Finally, the very high spectral resolution enabled 
by heterodyne spectroscopy is a unique tool to probe atmospheric dynamics by measuring 
winds. After reviewing recent results relevant to this field, I will attempt to show how LLAMA can 
contribute with its foreseen instrumentation. 
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The next-generation Event Horizon Telescope: From still images to black hole cinema 
Sheperd Doeleman - Harvard University, ngEHT Global Collaboration 

 
Einstein's theories predict that a distant observer should see a ring of light encircling a black hole, 
which forms when radiation emitted by infalling hot gas is lensed by the extreme gravity near the 
event horizon.  The Event Horizon Telescope (EHT) has used the Very Long Baseline 
Interferometry technique to image two supermassive black holes: M87 and SgrA*.  These results 
have tested GR at the 10-15% level near the horizon and opened the door to precision studies of 
black holes.  To advance these efforts, the next-generation EHT (ngEHT) project will quadruple 
bandwidths, increase observing frequency, and double the number of dishes in the global VLBI 
array.    One of the most notable differences between the EHT and ngEHT, is the inclusion of new 
telescopes at new geographical sites to dramatically improve the range of interferometric 
baselines.  These enhancements will allow us to capture the dynamics of black holes through 
real-time and time-lapse video.  I will describe prior results, and the path to realizing the ngEHT. 
 
 

Submillimetre Wavelength Monitoring of Protostellar Accretion Variability and Radio 
Flaring 

Douglas Johnstone - National Research Council, Canada 
 
The James Clerk Maxwell Telescope has been monitoring eight nearby low-mass star-forming 
regions in the Gould Belt at submillimetre wavelengths for six years to search for and quantify the 
time dependent brightness variability of the resident deeply embedded protostars. Secular 
variability is common among these protostars, greater than 25% of the sample show measurable 
long-term brightness changes and 10% show burst behaviour lasting months to years. We 
interpret this secular variability as reflecting changes in the mass accretion rate from the disk to 
the protostar, as predicted by theoretical models of (proto)stellar assembly.  For a subset of our 
sample, we have contemporaneous mid-IR light-curves which allow additional constraints on the 
conditions responsible for the brightness variations, confirming that the submillimetre variability is 
driven by changes in the dust temperature profile of the envelope. Most recently we have 
combined, for one source, single dish and interferometric monitoring, which has allowed us to 
unambiguously recover a time lag in the variability at larger angular scales and use the results to 
confirm the envelope structure surrounding the embedded protostar. Finally, a dedicated search 
for radio flares emitted by protostars and pre-main sequence stars in these regions has uncovered 
a single event from the TTauri star JW566. Time domain submillimetre observing is still in its 
infancy, and I will close with a discussion of future opportunities, especially with LLAMA, along 
with the importance of ever-improving submillimetre calibration techniques. 
 
 

 
Single-dish observation of the Sun at millimeter/submillimeter range 

Kozumasa Iwai - Nagoya University, Japan 
 
Solar observation at millimeter/submillimeter rang can measure the chromosphere, an upper layer 
of the solar atmosphere which has been poorly understood yet. The absolute brightness 
temperature distribution and its spatial and time variations can be measured by a single dish 
observation that can be used to understand the atmospheric structures and possible heating 
mechanisms of the chromosphere. Therefore, the solar observation with LLAMA has a big 
advantage to investigate the chromospheric sciences. There are some difficulties to observe the 
Sun at these wavelength range. The strong radio emission should be attenuated in the receiver 
system to avoid the saturation. The absolute calibration of the brightness temperature requires 
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accurate estimations of the antenna characteristics. In this talk, solar physics challenges that can 
be established by LLAMA and possible synergy with ALMA are summarized. The methodologies 
of solar observation and calibration at millimeter/submillimeter range are also summarized. 
 
 

Astrochemistry 
José Cernicharo - Instituto de Física Fundamental, Spain 

 
TBD 
 
 
 

Observing the Interstellar Medium with LLAMA 
Stan Kurtz - Instituto de Radioastronomía y Astrofísica, Mexico 

 
The interstellar medium may span a wider range of topics and physical phenomena than any 
other branch of astronomy.  Already nearly a half-century ago, Spitzer's classical text includes 
topics ranging from molecular, atomic, and ionized clouds, to magnetic fields, dust grains, cosmic 
rays, and shocks and explosive motions of HII regions and supernova remnants.  More modern 
treatments include topics such as star formation, stellar winds and feedback mechanisms, 
turbulence, and astrochemistry, among others. In this talk, I will touch on only a few of these many 
topics, concentrating in particular on those very few where I have some experience, and also a 
few where I think the LLAMA telescope is well-positioned to make some valuable 
contributions.  Many phenomena of the interstellar medium require higher angular resolution than 
a single-dish telescope can provide; this is especially true of my own area of research, that of 
high-mass star formation.  Nevertheless, by shrewd use of observational probes, and by careful 
selection of the phenomena to study, I hope to show in this talk that single-dish telescopes such 
as LLAMA have a great deal to offer to studies of the interstellar medium. 
 
 

Interstellar magnetic fields and other applications of dust polarimetry 
Kate Pattle - University College London, UK 

 
In this talk I will discuss the power of dust polarization observations for probing the role of 
magnetic fields in star formation and interstellar medium evolution, and the importance of 
polarimetry for constraining dust properties.  I will discuss observational results from existing 
single-dish facilities such as the JCMT and SOFIA, and interferometers such as ALMA and the 
SMA.  I will consider the opportunities and difficulties of extracting quantitative measurements of 
magnetic field properties from polarization observations, and the increasing importance of 
comparisons between simulations and observations.  Finally, I will consider how LLAMA can fit in 
to the exciting future of dust polarization observations, and how it will contribute to our 
understanding of the physics of the interstellar medium. 
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OTHER CONTRIBUTIONS 
 
 

A brief introduction to the LLAMA Observatory 
Tânia Dominici - INPE/MCTI (Brazil) 
 on behalf of LLAMA Collaboration 

 
LLAMA (Large Latin America Millimeter/submillimeter Array) is a new radio observatory that is 
being constructed in a collaboration between Argentina and Brazil, funded mostly by Ministerio 
de Ciencia, Tecnología e Innovación (MinCyT, Argentina) and Fundação de Amparo à Pesquisa 
do Estado de São Paulo (FAPESP grant 2011/51676-9, coordinated by Jacques Lépine, 
IAG/USP). The 12 meters diameter antenna is being installed in Alto Chorrillos (Salta province, 
Argentina), at 4850 m of altitude. Alto Chorrillos is a high-quality astronomical site similar to 
Chajnantor (Chile), where ALMA observatory operates. When completed, LLAMA will allow line 
and continuum observations between 35 and 700 GHz, approximately. Operating as a single dish, 
it will provide observations with spatial resolutions between 9’’ and 3’. LLAMA is being planned to 
be a versatile astronomical facility that will serve the scientific community for the exploration of 
scientific topics as diverse as the molecular evolution of the Universe, black holes and their 
accretion disks, astrophysical jets, stellar formation and evolution, the structure of our galaxy and 
the Sun, planetary atmospheres and extragalactic astronomy. LLAMA's operations are expected 
to start at an especially exciting time for multi-band and multi-messenger observations, including 
the possibility of follow-up of alerts and participation on coordinate observational campaigns with 
instruments as diverse as Vera Rubin Observatory, CTA and LIGO, for example. In the near 
future, LLAMA will also be part of interferometric experiments, such as the next generation Event 
Horizon Telescope Consortium and other VLBI network. The establishment of well succeed 
operations as a single dish in the next few years is essential to advance in the development of 
the instrumentation for interferometry. In this talk, I will present a brief general overview of the 
LLAMA project and its status of development from the instrumental point of view, with the 
expectation to stimulate the scientific discussions during our week in Salta and beyond it. 
 
 

The origin of project LLAMA 
Félix Mirabel – IAFE (Argentina) 

 
I present the scientific discoveries and Latin-American political context that motivated the idea of 
a millimeter/submillimeter array of antennae at high altitude in the province of Salta.  The infrared 
sky revealed by the Infrared Astronomical Satellite (IRAS), in synergy with the incipient millimeter 
radio astronomy observations in the early 1980’s produced a plethora of discoveries. The 
international Latin-American context in the following decades motivated the idea of installing 
infrared and millimeter facilities for astronomical research at the high altitudes of the Andes. With 
the support of the government of the province of Salta, a first exploration for potential sites in the 
Puna took place in 1984, which was later carried out in depth during several years by the 
Argentine Institute of Radio Astronomy (IAR), with the support of MinCyT and FAPESP, using 
instrumentation lend by the Universidad Nacional Autonoma de México (UNAM).  
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CONAE and the prospects for collaboration with LLAMA 
Marcelo Colazo – CONAE (Argentina) 

 
In this contribution, an institutional presentation of CONAE, its astronomical activities and 
potential collaborations with LLAMA are presented. 
 
 

Microgeodesic auscultation at the Chinese Argentine Radio-Telescope (CART) site 
Ana María Pacheco – OAFA; Universidad Nacional de San Juan (Argentina), H, Alvis Rojas, R. 

Podesta, A. Navarro, J. Quinteros, M. Segura, L. Barrado y J. M. Navarro 
 

 
"Félix Aguilar" Astronomical Observatory (OAFA) from National University of San Juan (UNSJ) 
and the National Astronomical Observatories (NAOC) of the Chinese Academy of Sciences 
(CAS), have maintained a close collaboration for more than 30 years in the discipline called 
"Astrometry". Based on the excellent relationship between China and Argentina, both the UNSJ 
and the CAS through their respective research institutes have extended the agreement to other 
studies in astronomy and related sciences. In this sense, both institutions have signed an 
agreement that plans the installation of a 40-meter radio-telescope diameter in the province of 
San Juan, which will be the largest single dish in South America. The working frequency will cover 
the range from 1 GHz to 45 GHz and although it will be mainly dedicated to the establishment 
and maintenance of the Celestial Reference Frames (ICRF) and Terrestrial Reference Frames 
(ITRF), research may also be carried out in the cosmological, astrophysical, geodetic, geophysical 
and space navigation. In this work we show all the tasks that have already been carried out, site 
search, geophysical, seismological and geological studies of the possible installation sites of the 
radio telescope, and mainly the current geodesy tasks, precise auscultation of the CART 
basement for the control or tracking of ground settling and monitoring of the structure movement, 
taking into account that CART is located in an area of high seismic activity. 
 
 

Studying the formation and environment of multiple protostellar systems in Perseus 
Nadia Murillo Mejías - Star and Planet Formation Laboratory, RIKEN (Japan) 

 
Multiple protostellar systems are a common outcome of star formation at all mass ranges. The 
range of separations and configurations of multiple protostellar systems raise the question of what 
factors influence the formation of these systems. Models have probed the effect of several factors 
(e.g., temperature, turbulence, magnetic fields) on the formation of multiple protostellar systems. 
However, few observational results are available to test and constrain the modeled scenarios. In 
addition, observations of individual multiple protostellar systems show physical and chemical 
variation among components. High resolution interferometric surveys of dust continuum and CO 
isotopologs alone cannot provide the information needed. In order to understand the factors that 
influence the formation and evolution of multiple protostellar systems, both the circumstellar and 
cloud core scales need to be characterized and compared. Multi-wavelength single dish 
observations are key in studying the physical and chemical conditions at cloud core scales and 
above. This contribution presents the results of a survey of low-mass protostellar systems in 
Perseus carried out with APEX (230 & 360 GHz) and Nobeyama 45m telescope (90 GHz) 
targeting several molecular species (e.g., H2CO, DCO+, c-C3H2, HNC, HCN). The sample 
included single, close binary (separations < 7") and wide multiple protostars (separations > 7") 
located in clustered and non-clustered regions, spanning evolutionary stages from Class 0 to 
Class II. Gas temperature, density and mass are derived from the observations, and compared 
to multiplicity, evolutionary stage, molecular cloud environment, bolometric luminosity, and 
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envelope mass. Results indicate that gas temperature and density are not related to multiplicity, 
but rather the availability of mass is key in multiple star formation. The causes of physical and 
chemical variation are examined through comparison of the results presented here with previous 
observations of molecular inventories toward protostars in Perseus. The benefits of single dish 
telescopes with a broad frequency range for star formation studies are further highlighted by this 
survey. 
 
 

The hot core/outflow G331.512-0.103: a template for astrochemical studies with LLAMA 
Nicolas Duronea - Instituto de Astrofìsica de La Plata (Argentina) 

 
Interstellar molecules, especially complex organic molecules (COMs), are useful probes to study 
the interstellar environments and evolutionary stages of different kinds of astronomical objects. 
The majority of COMs have been discovered in the warm environments of “hot molecular cores” 
(HMC), which are small, massive, dense, and hot clumps of molecular gas where massive star 
formation is going on. Astrochemical studies on HMCs are then of great importance since their 
chemical composition determines important physical processes and characteristics of star-
forming regions. For that reason, spectral line surveys on HMCs are very important, but they have 
been conducted only toward a limited number of sources.  Then, more sources need to be added 
to the inventory of studied HMCs to improve or understanding of high-mass star formation. In the 
past five years, we have conducted an astrochemical study of the powerful hot core/outflow 
G331.512-0.103 using the APEX telescope. In this talk, I will present some of the results obtained 
from this study, which can be used as a template for further astrochemical studies using LLAMA. 
 
 

Studying nearby supermassive black holes at the event horizon scale 
Ciriaco Goddi - IAG/USP (Brazil) 

 
One of the most extreme and elusive consequences of Einstein's general theory of relativity is the 
existence of black holes. Very recently, the EHT Collaboration unveiled the first image of the 
supermassive black hole at the center of our own Milky Way galaxy, Sgr A*. The image comes 
three years after the first historical image of a black hole, the one at the center of the distant 
galaxy Messier 87 (named M87*). Both images were produced using observations from a 
worldwide network of radio telescopes, comprising the Event Horizon Telescope. The two black 
holes look remarkably similar, despite residing in two completely different types of galaxies and 
having two very different black hole masses (roughly 4 millions and 6.5 billion Msun, respectively). 
Both images show a bright ring formed as light bends in the intense gravity around the black hole. 
The ring encloses a dark region at its center, the so-called black hole 'shadow', which is the 
signature of an event horizon, the defining feature of a black hole. Overall, the size and shape of 
the observed images are consistent with expectations for the shadow of a spinning (Kerr) black 
hole as predicted by general relativity. In the talk, I will describe the context, the meaning and the 
'behind the scenes' of these breakthrough discoveries. 
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BDC+DBE development at SAO for the ngEHT 
Guillermo Gancio - Instituto Argentino de Radioastronomia (Argentina), Artur R. Srinivasan, A. 
Pola, C. Habiague, E. Fliger, E. Mamaní, J. Weintroub, K.Viglianco, L. Cabral, M. Fernandez,  

M. Gendelman, N. Canadea, S. Araujo 
 

 
In this presentation we will show the current status of the development for the Digital Back-End 
(DBE) for the next generation Event Horizon Telescope. The talk will give a brief summary of the 
following topics. The analysis of the most relevant Analogue to Digital Converter (ADC) metrics, 
being used at the first Nyquist zone (sampled at 16.384 GHz), for all 4 ADCs on the 4 channel 
ADC board developed by SAO. Each ADC is a high-speed single core 4 bit ADC from Adsantec, 
the 7123A, which has a nominal analog bandwidth of 20 GHz.Then we will move to present a 
brief overview of the DBE and its firmware requirements, the primary one being the number of 
channels and high speed output interfaces, the detailed results from the firmware development, 
including design and validation test. The discussion will include the feasibility of channelizing the 
data as per the requirements on a single Virtex Ultrascale+ VU37P HBM FPGA which is fed by 
all 4 ADCs. Finally, we will present the progress and efforts to design an integrated ADC+FPGA 
board in house. The integration will combine the 4 ADCs and the Xilinx Virtex UltraScale+ VU37P 
HBM FPGA, in order to achieve the 4-channel input and a total of 32GHz Processing Bandwidth 
in a single board. 
 
 
 

CART current status and future collaborations with LLAMA 
Marcelo Segura - CART-UNSJ-CONICET (Argentina), A.M. Pacheco, H. Alvis Rojas, R. 

Podesta, J. Quinteros 
 
Geodesy is the science that studies the orientation in space, the rotation, the shape and the size 
of planet Earth. The geodetic Very Long Baseline Interferometry (VLBI) is a space geodesy 
technique that uses a global network of radio telescopes equipped with sensitive receivers on 
Earth to detect weak signals from quasars required to carry out those geodetic measurements. 
CART is intended to work at the beginning with bands S/X for geodetic studies, but in the future, 
Ka band is evaluated to improve the measurements accuracy from cm level to mm level. At those 
high frequencies (28-33Ghz) this work propose the possibilities to collaborate with LLAMA lower 
band. Also, CART upper band Q (33-50Ghz) could collaborate in astronomical observation with 
LLAMA Band 1. Finally, this work will present the last updates on CART status detail the future 
activities that will be carried out by the end of this year. 
 
 

How LLAMA can help us understand microquasars 
Leonardo J. Pellizza - IAFE (Argentina), P. Benaglia, G.J. Escobar, M. Fernández López, M. 

Badaracco, J.F. Albacete Colombo 
 

 
Microquasars are binary stellar systems comprised by a neutron star or black hole and a non-
collapsed star, which display powerful outflows in the form of twin jets. Although it has been 
demonstrated that the ejection of jets is connected to the accretion of matter from the companion 
onto the compact object, little is known about the details of the process, i.e., the accretion mode, 
jet launching mechanism, structure of the jets, and temporal behaviour of the outflow, among 
others. Microquasars have been investigated through the whole electromagnetic spectrum, from 
gamma/X-rays to radio wavelengths.  However, data in the millimeter and submillimeter bands 
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are scarce. These bands allow to probe the synchrotron emission of relativistic electrons in the 
jet, and the thermal emission of the stellar wind. Recently, ALMA observations of one of the most 
powerful Galactic microquasars (SS 433) have been obtained, showing that this frequency range 
can provide new evidence to shed light onto the aforementioned problems. One of the conclusions 
of these studies is the need for multi-band, time-resolved observations, which are difficult to carry 
out with ALMA due to its large oversubscription. In this talk I will discuss the feasibility of using 
LLAMA to complement ALMA observations of SS 433, and of microquasars in general, in order 
to obtain a more complete picture of the structure and time evolution of their winds and jets. 
 
 

Atmospheric opacity measurements at millimeter and submillimeter wavelengths at 
CASLEO (2552 m asl) 

Jean-Pierre Raulin - CRAAM/Mackenzie (Brazil), D.V. Cornejo Espinoza, C.G.G. de Castro, J.F. 
Valle Silva, C. Passarelli, A. Valio 

 
The absolute calibration of ground-based radio observations at millimeter and submillimeter 
wavelengths strongly depends on the Earth's atmosphere transparency. The latter is then 
crucially needed to understand the nature of the incoming radio emission. In this work we use 
observations at 212 and 405 GHz obtained by the Solar Submillimeter Telescope (SST) located 
at the Complejo Astronomico El Leoncito (CASLEO), San Juan, Argentina, at 2552 m altitude. 
We will present three different methods to determine the zenith opacity over almost 15 years, and 
discuss the obtained results. In addition, during a shorter period of ~ 2 years, our findings will be 
compared with similar and simultaneous observations at 45 and 90 GHz provided by the 
POEMAS radiotelescopes, and with Precipitable Water Vapour (PWV) values obtained by an 
AERONET station, both located at CASLEO. 
 
 
 

Solar Observations with LLAMA 
German Cristiani – IAFE (Argentina), C.H. Mandrini 

 
Solar flares are transient events of sudden energy release in amounts of up 1033 erg with 
characteristic times about hundreds of seconds. Flares and associated phenomena, such as 
Coronal Mass Ejections (CMEs), are the most dynamic aspects of the solar corona that involve 
destabilization of the magnetic field in a large scale. When observed in radio wavelengths, flares 
are called radio burst. Radio observations of these phenomena provide an invaluable source of 
information about the physical processes involved, due to the high variety of emission 
mechanisms in this spectral range. Higher frequencies radio observations impose the most 
serious constraints to solar flare models. Solar radio telescopes have evolved according to 
scientific interests to achieve data at unexplored ranges. In the 80's and 90's, several solar 
radiotelescopes were built at microwaves (Owens Valley Solar Array, OVSA, at 1-18~GHz; 
Nobeyama Radioheliograph, at 17 and 34~GHz, etc). The Solar Submillimeter Telescope (SST, 
212 and 405~GHz) started the solar observations at submillimeter wavelengths during this 
century. A remarkable discovery, at frequencies above 100 GHz during flares, was the existence 
of the so-called "THz component", a spectral component with an increasing profile at the highest 
observable frequencies (up to 405~GHz) towards the THz domain. This new spectral component 
is hard to explain as bremsstrahlung or gyrosynchrotron emission. LLAMA will bring data at an 
unexplored spectral range (>400~GHz) and will reach the best spatial resolution ever registered 
for solar radio telescopes. The antenna is specially designed to be able to point towards the Sun 
without producing damages in its compounds. Visible and infrared radiation will be scattered by 
the de-polished surface of the dish, avoiding excessive energy concentration on the secondary 
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reflector. Besides analysis of transient phenomena, LLAMA will be extremely valuable for the 
study of the chromosphere temperature structure, improving our understanding of the energy 
transport along the solar atmosphere. 
 
 
 

LLAMA, planet forming disks and isolated planets 
Octavio Guilera - Instituto de Astrofísica de La Plata (Argentina) 

 
The LLAMA observatory will have a 12 m radio telescope located at about 4,800 meters above 
sea level. It will operate in the 35-950 GHz frequency range (millimeter and submillimeter 
wavelengths). A variety of astrophysical studies can be carried out with such an instrument. In 
this talk we will try to link possible astrophysical sources of interest to be studied with LLAMA that 
will hopefully allow us to link the observational data with planetary formation models developed 
by the Planetary Astrophysics Group of La Plata and in collaboration with members of the 
Millennium Nucleus of Planetary Formation of Chile. The aim is to establish a starting point with 
the LLAMA community to generate a synergy between theoretical and observational studies 
related to protoplanetary disks and planet formation. 
 
 

Pattern Speed determination of the NGC 2903 galaxy through molecular and HI data 
Juliana Saponara - Instituto Argentino de Radioastronomía (Argentina), N. N. Patra, P. Benaglia 
 
In the local universe, nearly seventy-five percent of the spiral galaxies show the presence of a bar 
which, accordingly to density wave theory, originated due to slightly non-axisymmetric 
perturbations of materials in the galactic disk. Different physical processes are connected with 
bars, such as the outward transfer of angular momentum, the inflow of gas resulting in an 
enhanced nuclear star formation, and the central fueling of an AGN. The angular rate at which 
the bar pattern rotates is named the pattern speed; a crucial parameter to understanding the rate 
at which spirals and bars affect the evolution of galaxies and at which gas encounters spiral arms 
may affect the rate of star formation. We present here the preliminary results of the pattern speed 
determination of the spiral galaxy NGC 2903 by applying the Tremaine & Weinberg method to the 
CO, HCN, and HI kinematic data gathered from the EMPIRE and THINGS surveys. Furthermore, 
we want to discuss the fruitfulness of LLAMA in the studies of nearby galaxies. 
 
 

The cold dense interstellar medium in the Small Magellanic Cloud 
Hugo P. Saldaño - INENCO - Universidad Nacional de Salta (Argentina), M. Rubio, A. Bolatto, 

C. Verdugo, K. Jameson, K.A. Leroy 
 
Stars form in dense cores of molecular clouds, which are mainly composed of molecular hydrogen 
H2, invisible at temperatures of a few tens of Kelvin. Therefore, the study of the cold interstellar 
medium (ISM) is based primarily on the emission of the Carbon Monoxide (CO) molecule which 
radiates at the millimeter and sub-millimeter wavelengths. However, at very low metallicity (e.g., 
low abundance of C and O), CO observations are elusive since CO emission becomes weak. This 
makes it a real challenge to study the ISM under such conditions which is similar to the early 
universe when C and O had been recently formed and subsequently the CO molecule. In this 
context, we will present a detailed study of dense cold ISM in the nearest low metallicity (0.2 Zsun) 
galaxy, the Small Magellanic Cloud.  
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Stellar population in the vicinity of the HII region G331.03--00.15 

Silvina B. Cárdenas - IAFE (Argentina), A. B. Blanco, R. Gamen, S. Cichowolski 
 
We present a multi--wavelength study of the HII region G331.03--00.15, aiming to identify the 
population of massive stars associated with it. The distributions of ionised gas and heated dust 
both exhibit similar spherical forms, while the bordering photo--dissociating region follows a very 
ring--like distribution, indicating abundant surrounding molecular material being photo--
dissociated. We found only one high--mass star in the region, catalogued as WR star 1051-67L. 
Via an energy analysis of the detected radio continuum emission, we deduced that additional 
high--mass stars should be interacting with G331.03--00.15. After conducting a search of massive 
star candidates by applying a series of colour criteria to a sample of highly--reddened IR point 
sources, fourteen candidate sources were selected and classified using low--resolution, $H$ and 
$K$--band spectra obtained with Gemini/FLAMINGOS--2. We identified one massive star and 
classified it as an 07~V star. Adding the contribution from this new star to the total ionising photons 
available, we concluded it would be possible for the HII region to be powered solely by these two 
massive stars. In addition, we searched for primary tracers of star--forming activity and identified 
several Class I and II candidate YSOs, positioned over the dense molecular structures found in 
the area. The varied maser species located in the densest cloud are also indicative of massive 
star--formation taking place in the vicinity of G331.03--00.15 
 
 
 

GS121-05-037: a new Galactic chimney with signs of triggered star formation? 
Laura Suad - IAFE (Argentina), J.A. Molina Lera, S. Cichowolski 

 
 
In this work we present a study of the HI supershell GS121-05-037 and its role in triggering star 
formation. To characterize the supershell we analyzed the HI 21 cm line and the far-infrared 
emission distributions. In addition, to study the star formation processes related to GS121-05-037 
we used the Gaia survey together with spectroscopic/photometric calculations and derived a 
method to look for massive OB-type stars. GS121-05-037 presents, in the HI emission 
distribution, an open morphology towards the Galactic halo, suggesting that this large structure 
could be a Galactic chimney. The analysis of the IR emission distribution reveals the presence of 
32 HII regions seen projected into the borders of GS121-05-037. A spectroscopic/photometric 
analysis revealed that 12 of them would be located at a similar distance to GS121-05-037. The 
relative location among GS121-05-037 and the HII regions, together with their age difference led 
us to conclude that the ionizing stars could have been created due to the expansion of the HI 
supershell. On the other hand, the expansion and collision of supershells are believed to induce 
the formation of molecular gas in the compressed collision zones. However, observational 
examples of this phenomenon in action are rare. In this presentation, I will show some examples 
where colliding HI supershells may have been triggered the formation of molecular gas. Since 
several of these large structures are located at high galactic latitudes, LLAMA will be of great help 
to study this phenomenon. 
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Do HI supershells play a significant role in triggering star formation? 
Marcelo Arnal - Facultad de Ciencias Astronómicas y Geofísicas, UNLP (Argentina), N.U. 

Duronea, S. Cichowolski, L. Suad, M.A. Corti 
 
Among the different scenarios by which star formation could be initiated, it is a matter of debate 
the role HI supershells may play. Though there are a few good examples, in order to provide a 
statistically significant answer to this question, a large-scale study is needed. In an attempt to 
shed some light on this point an observing program likely to be carried out with LLAMA, will be 
sketched in this presentation. 
 
 

Searching for the HH 31 counter-jet in the protostar IRAS 04248+2612 A combination of 
NIR and sub-mm wavelengths 

Leticia Ferrero - Observatorios Astronomico de Córdoba, UNC (Argentina), E. Artur del la 
Villarmois, M. Gómez 

 
During the initial stages of the stellar collapse (the class 0 and I phases with ages of ∼ 10^4 − 
10^5 yr), the incipient star begins to eject winds along the rotation axis. These winds alleviate the 
angular momentum accumulation, help to stop the collapse and give rise to the jets and/or Herbig-
Haro (HH) objects detected in the optical. Although most jets are straight or collimated, a small 
fraction has curved shapes. Different mechanisms can produce the non-straight jets, binarity or 
multiplicity of the driving source being one of them. This work shows preliminary results on the 
study of the sinusoidal HH 31 jet and its driving source, the low-mass Class I protostar IRAS 
04248+2612, located in the Taurus-Auriga star-forming region. Other authors have detected the 
binarity of the central source, where the separation between the components is of 0.16′′(∼ 24 AU, 
at a distance of 140 pc), and identified a dark lane perpendicular to the jet, which could be related 
to an edge-on disk, but no further analysis has been done. Furthermore, only the jet has been 
detected, while the counter-jet could be embedded or hidden by the cloud extinction in the near 
infrared. In this contribution, we report progress on the analysis of multiple molecular transition 
line data obtained with the SMA array. We also analyse Gemini NIRI 2.12 μm H2 line and K-band 
images. The molecular transitions are used to reveal the physical conditions of the envelope and 
outflow cavity at the highest angular resolution observed so far. NIRI images are employed to 
search for the counter-jet. The aim of this work is to investigate the likely cause–effect relation 
between the S-shape morphology and the central star and circumstellar disk properties. 
 
 

Interstellar medium studies towards interacting supernova remnants 
Leonardo Supán - IAFE (Argentina) 

 
Strong shocks, such as those from supernova remnants (SNRs), affect the interstellar medium 
(ISM) triggering different physical and chemical processes including ionization of molecular 
clouds, turbulence generation, and even the production of radiation in the gamma-ray domain. 
Millimeter/submillimeter observations constitute an exceptional tool to understand these 
processes, as they provide excellent tracers of molecular gas and dust. An instrument like LLAMA 
operating at these wavelengths offers a unique opportunity to study SNR-ISM interaction 
phenomena. In this presentation a number of interacting supernova remnants radiating in gamma 
rays at GeV as well as TeV energies is revised. The detection and characterization of the 
molecular material surrounding these SNRs constitute an important tool to investigate the 
production of energetic particles at the SNR's shock front, as gamma-ray photons can be 
produced via hadronic interactions of these particles with the dense environs. The potential 
contribution from future observations with LLAMA is also discussed. 
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Probing cosmic ray acceleration in supernova remnants using molecular gas 
observations 

Alberto Petriella - IAFE (Argentina) 
 
One of the consequences of the interaction between supernova remnants and the interstellar 
medium is the production of gamma rays: protons accelerated in the shock fronts may collide with 
nearby interstellar clouds and produce radiation of hadronic origin in the GeV and/or TeV bands. 
For this reason, the analysis of the interaction between supernova remnants and the surrounding 
gas may provide empirical evidence supporting their role as cosmic rays factories. We compile a 
list of supernova remnants associated with GeV and/or TeV sources that can be studied with the 
LLAMA Observatory to look for morphological and spectral signs of shocked molecular gas. From 
the analysis of the distribution and the physical parameters of this molecular material, we plan to 
determine the origin of the gamma-ray emission and to contribute to the understanding of 
supernova remnants as cosmic ray accelerators. 
 
 

Resolving the collimation zone of intermediate- and high-mass protostellar jets 
Adriana R. Rodríguez-Kamenetzky - Instituto de Radioastronomía y Astrofísica, UNAM (Mexico) 
 
It is well known that astrophysical jets play a crucial role in the evolution of the systems hosting 
them. However, a fundamental understanding of how they work has not been achieved, i.e., how 
they are launched and collimated. In this regard, protostellar jets constitute excellent touchstones 
to shed light on this topic, mainly due to their proximity, which allows us to probe close to their 
launching platforms. In the past decades, radio interferometric observations, mainly performed 
with the VLA at 6cm and 3cm bands, have allowed to impose an upper limit of 100 au to the 
distance from the protostar at which the collimation takes place. This limit does not allow yet to 
decide for a specific mechanism; thus, a better understanding of the jet phenomenon and its 
impact in how protostars grow, requires to resolve this collimation region. Here we present high 
angular resolution observations of two protostellar jets at ~7 mm, resolving their innermost 100 
au for the first time: the massive young stellar object Cep A HW2, and the triple source in Serpens, 
powered by an intermediate-mass protostar. We also highlight the importance of future 
LLAMA+ALMA observations in Band 1 regarding this subject. 
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