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Resumen / Desde el Instituto Argentino de Radioastronomfa (IAR), se estd colaborando activamente en varios
proyectos relacionados con la deteccion y medicion de ondas milimétricas y submilimétricas para instrumentos
de vanguardia en radioastronomia. En este documento, describo tres desarrollos que abarcan una amplia gama
de instrumentacién astronémica, en los cuales estoy involucrado desempenando distintos roles. En primer lugar,
describo el sistema éptico NACOS del radiotelescopio LLAMA. Este instrumento posibilita la focalizacién de la
radiacién submilimétrica en las cabinas laterales del radiotelescopio, donde se alojan los receptores criogénicos.
Detallo y explico el subsistema y como se integra en el sistema general del telescopio, indicando sus posibles
aplicaciones. A continuacién, presento el detector hibrido instalado en el cridéstato del instrumento QUBIC, un
telescopio disenado para el estudio de los modos B de polarizacion del CMB. Proporciono informacién sobre su
instalacion y funcionamiento. Finalmente, ofrezco una breve descripciéon de la antena submilimétrica SWI de la
misién espacial JUICE de la ESA, destinada a explorar las lunas heladas de Jupiter. Presento sus caracteristicas
principales y su relevancia en la investigacién espacial. Concluyo este trabajo con una breve discusién sobre el
potencial a futuro de la radioastronomia desarrollada en el TAR, resaltando la importancia de estos proyectos
para avanzar en nuestro entendimiento del cosmos.

Abstract / From the Argentine Institute of Radio astronomy (IAR), active collaboration is underway in vari-
ous projects related to the detection and measurement of millimeter and sub-millimeter waves for cutting-edge
instruments in radio astronomy. In this document, I describe three developments that encompass a wide range
of astronomical instrumentation, in which T am involved in various roles. Firstly, I describe the NACOS optical
system of the LLAMA radio telescope. This instrument enables the focusing of sub-millimeter radiation in the
gide cabins of the radio telescope, where cryogenic receivers are housed. I detail and explain the subsystem and
how it integrates into the overall telescope system, indicating its potential applications. Next, I present the hybrid
detector installed in the cryostat of the QUBIC instrument, a telescope designed for the study of B-mode polar-
ization of the CMB. I provide information about its installation and operation. Finally, I offer a brief description
of the SWI sub-millimeter antenna of the JUICE space mission by the European Space Agency (ESA), aimed at
exploring the icy moons of Jupiter. I present its key features and relevance in space research. I conclude this
work with a brief discussion of the future potential of radio astronomy developed at the TAR, emphasizing the
importance of these projects in advancing our understanding of the cosmos.

Keywords / instrumentation: detectors — instrumentation: interferometers — telescopes — methods: observa-
tional — space vehicles: instruments
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1. Introduction

The Instituto Argentino de Radioastronomia™ (IAR),
is a scientific and technological research institution af-
filiated with the Consejo Nacional de Investigaciones
Clientdficas y Técnicas™ (CONICET), Comisidn de In-
vestigaciones Cientificas™ (CIC) and Universidad Na-
cional de La Plata™* (UNLP). IAR was established
in 1962 and its first radio telescope was inaugurated
in 1966 (Fig. 1). During this period, the first of the
two prime-focus antennas of 30 m aperture (named
Varsavsky) was built, primarily for research in the 21 em
hydrogen emission line. The second 30 1w aperture an-

*https://www.iar.unlp.edu.ar/
**https://www.conicet.gov.ar/
***https://www.cic.gba.gob.ar/
***https://unlp.edu.ar/

X Contact /[ eraszto@iar.unlp.edu.ar

tenna (named Bajaja) was built in the 1970’s (Fig. 2).
Located in a natural park of approximately = 6.3 ha in
Berazategui district of Buenos Aires province, the TAR
comprises around a2 1400 m? of buildings, including of-
fices, laboratories, and various facilities. The institute
has a total of 60 ewployees, including scientists, engi-
neers, technicians, and administrative staff.

Originally conceived as an institute for research in
the field of radio astronomy, at the end of the 90s and
the beginning of the millennium, the IAR expanded
its scope of activities through the Technology Trans-
fer(Fliger et al., 2024) initiative. This expansion in-
cluded areas such as the space sector, instrumenta-
tion for radio astronomy, industry, health, and others
(Fig. 3). These early experiences played a crucial role
in significantly diversifying the institution’s areas of op-
eration, leading to the accumulation of valuable experi-
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Fig. 1. TAR inauguration event, with the first 30 m radio
telescope (Varsavsky) built and operational.

Fig. 2. The second antenna (Bajaja), pointing to the zenith
in the image.

ence and knowledge gained by the technical and scien-
tific staff over the years positioning the IAR today not
only as a consulting and advisory institution for inter-
national projects, but also as a strategic partner in their
development.

Particularly, in this work I delve into three develop-
ments of cutting-edge instrumentation and equipment
for the detection and measurement of millimeter and
sub-millimeter waves in radio astronomy:

+ The tertiary optical system for the LLAMA radio
telescope, where my role involves conducting the As-
sembly, Integration, and Verification (AIV) activities
for the system during the First Light phase, along
with designing the system for the Long Term phase.

+ The installation, testing, and commissioning of
QUBIC, the bolometric interferometer for CMB,
where I serve as a System Engineer.

+ The design of Mechanical Ground Support Equip-
ment (MGSE) for SWI, one of the ten instruments
on board JUICE, a spacecraft launched to Jupiter
on April 14th, 2023. T am involved in this project as
a Support Engineer, initially focusing on AIV activ-
ities and later contributing to MGSE development.

Fig. 3. Top: Left: Development of infrared cameras, an-
tennas, communications for SAC-D/Aquarius mission (Sen
et al., 2006). Middle: Development of telemetry and control
for the launchers of the VEX series. Right: Back-end for
Deep Space Antenna (DSA3)(Benaglia et al., 2011). Bot-
tom: Left: Ozone reactor(Romero et al., 2020). Right: The
microwave (1000 MHz) tomography prototype(Fajardo Fre-
ites, 2020).

2. Tertiary optical system for LLAMA

The Large Latin American Millimeter Array (LLAMA)
radio telescope! is a collaborative effort between Ar-
gentina and Brazil, involving the installation and op-
eration of a Cassegrain antenna with a 12 m aper-
ture. It is situated in Alto Chorrillo, at an elevation of
4860 m above sea level, within the Salta province of Ar-
gentina(Lepine et al., 2021), (Romero, 2020). The pri-
mary reflector of the radio telescope boasts a precision
of 25 pym. LLAMA is specifically designed for observing
the sky within the frequency range of 30 — 950 GHz.
The LLAMA configuration, featuring three cabins for
receiver installation (one central receiver cabin and two
side Nasmyth cabins, A and B), is the same as the
APEX radio telescope (Giisten et al., 2006) (Fig. 4).

LLLAMA will enable research in scientific aspects
such as the study of young stellar objects, spectral
molecular lines of forming stars, the sun’s chromosphere,
outflows in starbursts, black holes, Active Galactic Nu-
clei (AGN), galaxy formation at high Redshift, and,
with the appropriate instrumentation, even Cosmic Mi-
crowave Background (CMB) fluctuations at small angu-
lar scales.

LLAMA, in its Long Term (LT) phase will host six
ALMA-like single-pixel, dual-polarized heterodyne re-
ceivers (Carter et al., 2004) within cryostats (Fig. 5)
located in the Nasmyth cabins. For the initial First
Light (FL) phase of the project, a phase aimed at val-
idating the technical and scientific capabilities of the
radio telescope, three receivers will be installed in Cab-
B covering bands 5 (163 —211 GHz), 6 (211 —275 GHz),
and 9 (602 — 720 GHz). The LT phase will demand a
major upgrade to include bands 6, 7 (275 — 373 GHz)

https://www.1llamaobservatory.org/
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Fig. 4. The Atacama Pathfinder EXperiment (APEX) in
Chile. Credit: ESO

and 9 in Cab-A, along with bands 1 (35 —52 GHz), 2+3
(67 — 116 GHz), and 5 in Cab-B. This setup reserves
the Cassegrain cabin for potential future installations
of multi-detector cameras, taking advantage of its larger
field of view (= 10 arcmin). To implement this strategy,
the utilization of a tertiary optical system that couples
the receivers to the antenna is crucial. In LLAMA, this
tertiary optical system is named Nasmyth Cabin Opti-
cal System (NACOS).

The reduced version of NACOS to be implemented
during the FL phase of the project, where only Cab-
B will host receivers, was designed and manufactured
(between 2017 and 2018) in the ALFA ferramentaria
company, in Araraquara, Sdo Paulo state in Brazil.
NACOS-FL, a frequency independent system, consist of
a series of mirrors, some of them motorized and hence
capable to be moved in or out from the optical path,
redirecting and refocusing the light from the sky col-
lected by the Cassegrain system, into the correspon-
dent receiver in the Nasmyth cabin, according to the
frequency to be observed (Fig. 6). A detailed descrip-
tion of NACOS-FL can be found in (Rasztocky, 2024).

Since 2018 (with a stand-by period between 2020
to 2022 due to the COVID-19 pandemic situation) the
ATV process for NACOS-FL is being carried out in the
ALFA facilities. The main activities of the AIV pro-
cess include the validation of the integration process of
NACOS in the antenna through the emulation of the an-
tenna’s interfaces and constraints, with the aid of ded-
icated auxiliary equipment designed and manufactured
for this purpose (Figs. 7 and 8). The alignment of the
different mirrors in the optical chain (Figs. 9), the cali-
bration of the movable mirrors and various operational
tests, among other tasks. The completion of NACOS-
FL AIV activity is expected to happen in March 2024.

Regarding the design of the system for the LT phase
of the project (i.e., NACOS-LT), its optical design is
completed. NACOS-LT, as well as NACOS-FL, has
been designed to be a frequency independent system and
as the latter, it consists of a series of fixed and movable
mirrors that allows the user to select the frequency chan-
nel to be observed (Fig. 10). A very detailed description
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Fig. 5. Top: Example of three cold cartridge receivers.
Middle: CAD model of the cryostat with three cold car-
tridge (inside) and warm cartridge (at the bottom) receivers
installed. Bottom: CAD model of LLAMA cabins.

of NACOS-LT can be found in (Rasztocky et al., 2024).
The first mirror assembly (M1A), essential for refocus-
ing the beam into Cab-A, has already been designed and
manufactured (Fig. 11). Calibration, alignment, and op-
erational tests are expected to be completed during the
upcoming AIV campaign in March 2024.
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Fig. 6. NACOS-FL configuration, where the different mir-
rors that conform the optical system are shown.

3. QuUBIC

The Q & U Bolometric Interferometer for Cosmol-
ogy (QUBIC)! is a collaborative project conducted by
France, Italy, Ireland, the USA, and Argentina. It in-
volves the development, installation, and operation of a
millimeter /sub-millimeter-wave instrument designed for
the detection and measurement of polarization B-modes
of the cosmic microwave background (CMB) (Battis-
telli et al., 2020) at 130 — 250 GHz window. These B-

ttps://waw.qubic.org.ar/en/
qubic-argentina-english/

7. The handling and installation of the NACOS’s
CASS structure in the Cassegrain Cabin emulator fixture.
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Fig. 8. Testing of the NACOS’s NASS structure fixed in
the Nasmyth Cabin interface emulator fixture.

modes, as predicted by the inflationary model of the
Universe(Guth, 1981), (Linde, 1982), are expected to
be imprinted in the CMB (Durrer, 2015). During the
inflation period of the Universe (1073% — 1073% sec af-
ter the Big Bang), the inflationary theory predicts that
gravitational waves produced during this event might
have perturbed the metric of the early Universe, creat-
ing curled polarization in the existing plasma, known
as B-modes. This information of the structure of the
early Universe might then be imprinted as a fingerprint
in the Last Scattering Surface (i.e., CMB), which hap-
pened = 380 000 years after the Big Bang (Fig. 12). The
simplest inflationary models predict that B-modes could
be present in fluctuations of the CMB at ~ 107° K.
However, they might be found at lower temperatures,
or they might not exist at all, casting serious doubts on
the inflationary model. Considering that the CMB has
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Fig. 9. Testing of the NACOS’s NASS structure fixed in
the Nasmyth Cabin interface emulator fixture.

a constant temperature of 2.725 K with fluctuations of
~ 1079 K, the successful detection of B-modes appears
to be an extremely challenging task. Different experi-
ments of the type ”imagers” (an exhaustive list can be
found in (Abitbol et al., 2017)) are attempting to detect
the B-modes but have not achieved success so far.

QUBIC, ou the other hand, preseuts itself as a
promising instrument for the detection of B-modes by
combining the very high sensitivity of bolometric detec-
tors with the greater control over systematic instrumen-
tal effects provided by interferometry. Qubic, a three-
cooling-stage cryostat (40 K, 4 K and 1 K) achieves
Interferometry by using an array of back-to-back horus.
These horns re-emit the collected signal from the instru-
ment aperture towards a tertiary optical system, ulti-
mately focusing the beams onto the 300 mK cooled focal
plane of the instrument (Fig. 13), where the interference
fringes (i.e., synthesized beam) are produced.

QUBIC and its ancillaries were sent to Argentina
from France, where arrived in July 2021. The equip-
ment was transported by truck from Buenos Aires to
the Integration laboratory in the Comisidn Nacional de
Energia Atémica (CNEA) in the Salta province.

Between July and August 2021, the instrument and
its sub-systewns were integrated at the laboratory. From
September 2021 to September 2022, the instrument un-
derwent a series of tests to confirm that it successfully
withstood the transport to Argentina. Later, it under-
went a series of calibrations and adjustments (Fig. 14)
to confirm its full compliance with the required func-
tionality before installation at the observatory site.

In October 2022, the instrument and its equipment
were transported by truck (Fig. 15) to the observatory
site, placed ~ 800 m to the northwest of the LLAMA
site (Sec. 2). A dedicated shelter, constructed several
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Fig. 10. NACOS-LT configuration, where the different
mirrors that conform the optical system are shown.

months earlier, was prepared to host QUBIC. Over two
weeks, the instrument and equipment were installed and
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Fig. 11. Top: CAD model of CASS including M1A assem-
bly. Bottom: MI1A assembly mounted in the CASS struc-
ture.
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Fig. 12. Evolution of the Universe.

made ready for the first cool-down and the subsequent
beginning of the commissioning phase, which is expected
to take nearly a year for completion (Fig. 16).
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Fig. 13. Top: Cut of the QUBIC CAD model. Bottom:
Optical design scheme. On the left corner, the synthesized
beam obtained at the instrument’s focal plane by observing
an artificial source in the laboratory is shown.

Fig. 14. Adjustment activities in the integration and cali-
bration Laboratory.

4. SWi

The Sub-millimeter Wave Instrument (SWI) Fig. 17, de-
veloped at the Max Planck Institute for Solar System
Research (MPS)$, comprises an offset Cassegrain radio

Shttps://www.mps.mpg.de/planetary-science/
juice-swi
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Fig. 16. Top: Left: QUBIC mount installation. Right:
Telescope handling for installation in the mount. Bottom:
QUBIC inauguration event in Nov. 2022.
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Fig. 17. SWI instrument. The oflset Cassegrain system
and receiver unit is on the left. The electronic unit is on the
right

telescope of 29 cm diameter aperture, equipped with two
heterodyne receivers operating at 530 — 625 GHz and
1080 — 1275 GHz respectively(Kotiranta et al., 2018).

SWI is one of the ten instruments on board of the
JUpiter ICy moon Explorer (JUICE, Fig. 18) from the
European Space Agency (ESA)Y, a spacecraft launched
in April 2023 to Jupiter.

Thttps://wuw.esa.int/Science_Exploration/Space_
Science/Juice
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Fig. 18. JUICE conceptual image. Credit:

NFT.O08 SRACKET_CRA 111

Fig. 19. Left: CAD model for the SWI near field test.
Right: the set-up in the measurement chamber. Credit:
SWI/MPS.

JUICE is scheduled to reach Jupiter in July 2031.
During its mission, it will perform 21 flybys of the moon
Callisto, two of Europa, and then enter orbit around
Ganymede, the largest moon in the solar system, for
a nine-month period. The mission is expected to con-
clude in 2035 when the probe will intentionally crash
into Ganymede’s surface.

Juice’s objectives include making detailed obser-
vations of Jupiter and its three large icy moons:
Ganymede, Callisto, and Europa. There is an excit-
ing prospect that these moons may harbor subsurface
liquid water oceans and conditions favorable for the de-
velopment of life. The mission aims to explore Jupiter’s
complex environment in depth and study the broader
Jupiter system as an archetype of gas giants in the Uni-
verse. SWI has specific objectives, including the inves-
tigation of the temperature distribution, chemical com-
position, and dynamics of Jupiter’s atmosphere. Addi-
tionally, it aims to characterize the surface properties of
the icy moons Callisto, Europa, and Ganymede.

The support from TAR for the SWI activities began
at the end of 2020, during the AIV phase of the instru-
ment, with the design of various mechanical components
for testing purposes, such as SWI near-field characteri-
zation (Fig. 19) and receiver calibration.

After the commissioning of SWI on the JUICE
spacecraft, we initiated the design of a Thermal and
Vacuum Chamber (TVAC, Fig. 20) to test a laboratory-
level replica of the SWI, known as a ground reference
model (GRM). The design of the GRM-TVAC took
place throughout 2023, with fabrication and commis-
sioning at the MPS laboratories expected by mid-2024.
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Fig. 20. CAD model of the GRM-TVAC design. Credit:
SWI/MPS.

The primary goal of the GRM-TVAC is to provide
a space-like environment, similar to the conditions to
which the SWI in the spacecraft will be subjected. This
will offer a representative model of the SWI in space,
valuable for troubleshooting, action planning, opera-
tions, etc.

5. Discussion

The goal and mission of the TAR, as stated by its au-
thorities, consist of a systemic approach towards the
progress of both astronomy and technology transfer,
achieved through developments in various branches of
engineering. These advancements have an impact on
both space and scientific research, as well as on technol-
ogy itself. Currently TAR, as an institutional project,
aims at the development and subsequent installation of
an interferometer array of 16 radio telescopes of 5 m di-
ameter each, for observations at 1 — 2 GHz a project
identified as MIA(Romero et al., 2023) (acronym for
Multipurpose Interferometer Array). The first techno-
logical demonstrator dish (MIA-0) is shown in Fig. 21.

The development of a healthy society is closely linked
to advances in the fields of science and technology, which
are transferred to its inhabitants. In the case of the TAR,
its daily actions are focused on implementing this philos-
ophy through various initiatives as exampled in the col-
laboration in cutting-edge experiments reviewed along
these pages. Furthermore, the commitment of the IAR
to scientific and technological progress is reflected in its
active involvement in the development of new technolo-
gies and the training of professionals in these areas. The
institution not only seeks to advance scientific knowl-
edge but also ensures that these advancements translate
into tangible benefits for society as a whole.

Acknowledgements: 1 would like to thank in first place to the
Comité Organizador Cientifico de la Reunién Anual 2023 for

Fig. 21. The 5 m dish of the technological demonstrator
MIA-0.

inviting me to present this review. Secondly, to the Director and
Vicedirector of IAR, Dr. Gustavo E. Romero and Dra. Paula Be-
naglia, respectively, for giving me the possibility of participating
in such amazing and motivating projects.

References

Abitbol M.H., et al., 2017, arXiv preprint arXiv:1706.02464

Battistelli E., et al., 2020, Journal of Low Temperature
Physics, 199, 482

Benaglia P.; et al., 2011, Boletin de la Asociacion Argentina
de Astronomia, 54, 447

Carter M.C., et al., 2004, Ground-based Telescopes, vol. 5489,
1074-1084, SPIE. [doi:10.1117/12.552538)

Durrer R., 2015, Classical and Quantum Gravity, 32, 124007

Fajardo Freites J.E., 2020, Tomografia de microondas, Ph.D.
thesis, Universidad Nacional de La Plata

Fliger E., Garcia L., Salibe M., 2024,
arXiv:2401.16597

Giisten R., et al., 2006, A&A, 454, 113

Guth A.H., 1981, Physical Review D, 23, 347

Kotiranta M., et al., 2018, IEEE transactions on terahertz
science and technology, 8, 588

Lepine J.R., et al., 2021, Anais da Academia Brasileira de
Ciéncias, 93. [doi: 10.1590/0001-3765202120200846]

Linde A.D., 1982, Physics Letters B, 108, 389

Rasztocky E., 2024, in ‘IAR and prospects for low-frequency
radio astronomy in South America’, vol. 54, 1, RMAA SC

Rasztocky E., et al., 2024, SPIE. Submitted

Romero G., et al., 2023, arXiv preprint arXiv:2309.16891

Romero G.E.; 2020, Science Reviews from the end of the
world, 1, 24

Romero G.E., et al., 2020, Innovacién y Desarrollo Tec-
nolégico y Social, 2, 204

Sen A., et al., 2006, Sensors, Systems, and Next-Generation
Satellites X, vol. 6361, 127-136, SPIE

arXiv e-prints,

BAAA, 65, 2024

280



