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50 MHz - 50 GHz / 6 m - 0.6 cm

• Uso de antenas 

• Las ondas de radio pueden penetrar gas y polvo 

• Estudio de 

- Gas ionizado, en atmósferas estelares o en el 
espacio interestelar. 

- Formación planetaria. 

- Emisión de moléculas en nubes frías. 

- Transiciones comunes del hidrógeno 

- Pulsares 

- Campos magnéticos de gran escala 

- La estructura del universo temprano

Radio astronomía
— rango aproximado —

Lovell Telescope, Cheshire, Reino Unido



El gran problema de  
la radiointerferencia (RFI)

An introduction to Radio Astronomy, Burke, Graham-Smith, Wilkinson (2019).



Parkes, Australia (64 m) Arecibo, Puerto Rico (450 m)

Jodrell Bank, Reino Unido (76 m)



Digitalización



Nançay, Francia



Green Bank Telescope (GBT), EEUU (100 m)



Radio-telescopio Green Bank (1988)

Arecibo (2020)

Arecibo (2020)



Sardinia Radio Telescope (SRT), Italia (64 m)Robert C. Byrd Green Bank Telescope, EEUU (100 m)

• Gran variedad de receptores (receivers) 

• 0.3 - 100 GHz



Five-hundred-meter Aperture Spherical radio Telescope (FAST), 

China (500 m)

https://www.eoportal.org/other-space-activities/fast#some-background
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An international review and advisory conference on science and technology of FAST was held 
in Beijing in March 2006. The review panel unanimously concluded that the FAST Project is feasible 
and recommended that the project moves forward to the next phase of detailed design and 
construction as soon as possible. Funding for project FAST has finally been approved by the 
National Development and Reform Commission (NDRC) in July of 2007. The approved budget is 
now 700 million RMB. At the end of 2008, the foundation has been laid. The construction period is 
5.5 years from the commencement of work in March 2011. The first light is expected to be in 2016. 

     In a 2006 review paper [1], the general technical specifications of the subsystems of FAST 
have been briefly discussed. Since that was before the approval of the FAST proposal, much of the 
subsystem concept was in a crude form. It is necessary to update the community of the status of the 
FAST project and progresses in the system designs. This paper is intended to serve as an overview 
of the approved FAST project. In section 2, the general technical specifications and scientific 
motivations of FAST are given. The subsystems of FAST are introduced in detail in section 3, with 
the requirements on them from the FAST science projects presented, too. In section 4, the FAST 
sciences goals are discussed. 

  

2. General Technical Specification and Scientific Motivation  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Left: FAST optical geometry, right: FAST 3-D model 

FAST is an Arecibo-type spherical telescope. Figure 1 illustrates the optical geometry of FAST and 
its three outstanding features: the large karst depressions found in south Guizhou province as the 
sites [2], the active main reflector of 500 m aperture which directly corrects for spherical aberration 
[3], and the light-weight feed cabin driven by cables and a servomechanism [4] plus a parallel robot 
as a secondary adjustable system to carry the most precise parts of the receivers. Inside the cabin, 

• Reflector de 300 m 

• 70 MHz - 3 GHz
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x Survey the Galactic ISM in HI at a resolution comparable to the current large scale CO 
surveys; 

x Discover ~4000 new Galactic pulsars and search for the first extragalactic pulsars; 

x Detect tens of thousands of HI galaxies and detect individual massive galaxies up to z~1; 

x Spectroscopic survey of the radio spectra of rich Galactic sources with continuous coverage 
between 70 MHz and 3 GHz; 

x Search for radio signals from exoplanets. 

In section 4, these goals will be discussed in more detail and examples of early science projects will 
be presented. 

3. Critical Technologies and Subsystems 

The telescope engineering can be divided into 6 major subsystems, including site surveying, 
exploration, and earthwork in the selected site; main active reflector; feed cabin suspension; 
measurement and control; receivers; and observatory. Figure 2 illustrates the subsystem composition 
of the FAST. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

A feasibility study of critical technologies started in the NAOC since 1994. More than one hundred 
scientists and engineers from 20 institutions are involved in the joint research project. Critical 
technologies to be employed in the construction have been certified and will be discussed below. We 
will discuss the five subsystems in this paper, namely site, active reflector, feed support, receivers,  
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Figure 2 Telescope composition 
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 Extensive numerical study has been performed to investigate the feasibility of this design. 
Among six types of spherical cable-net patterns investigated, the geodesic trianglular element is 
selected, which have most uniform tension in all cables and least panel element types of 187. There 
are about 4400 triangular elements on the surface in total supported by the cable-net consisting of 
about 7000 steel cables. This results in about 2300 nodes and corresponding driving cables 
down-tied to actuators on the ground. All driving cables of the spherical surface are independent 
from each other, which makes it possible to adjust the cross section of each cable according to the 
load. The deformation strategy of the internal working part of the reflector is directly related to the 
internal forces of the cable-net and the actuator stroke, both of which are directly related to the cost 
of FAST. Numerical analysis has been performed to compare the three kinds of deformation 
strategies, whose relative position to the spherical surface are shown in Figure 7. The results show 
that parabola III has better performance in both internal forces of cable-net and actuator stroke.  

 

 

 

 

 

 

 

 

 

Distance from the center line of the parabola (m) 

Figure 7 Relative position between base arc and parabolas of three deformation strategies. 
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Figure 6 The node of the cable net of the back frame. In the lower part of the node, there are six cables 
of the back frame and a down-tied cable. In the upper part, the elements of the main reflector are 
connected to the node by adaptive junctions. 

Un nodo de la malla de cables 

que va por debajo de los paneles reflectantes
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3.2.3 Back frame 

A reflector element is consisted of back frame, adjusting bolts, panels and purlins. Based on the 
material used, the back frames can be divided into two main categories: aluminum structure and steel 
structure. Purlins and panels are made of aluminum. The surface of each panel unit has been 
adjusted to the spherical surface of radius 318.5m other than the overall 300m radius of the main 
reflector, which will make it better fit to a paraboloid [7]. The adjusting bolt is made of stainless steel 
to avoid electrochemical corrosion. For the steel structure, four kinds of back frames have been 
developed (Figure 8): single-layer structure, suspended structure, double-layer structure, and space 
bolt-ball net frame structure. 

  Of the four structures, the space bolt-ball net frame structure has the best stiffness. Moreover, it 
is simple to manufacture and has high assembly efficiency. A new tri-pyramid grid structure for the 
bolt-ball net frame is developed with aluminum tube-type rods, bolts ball, purlins and panels (see 
Figure 9), except for the stainless steel connecting bolt. This structure is light and corrosion proof, 
both critical for the overall optimization of the reflector. Therefore, the space bolt-ball net frame 
structure is the first choice in the construction of the reflector. 
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Figure 9 Prototype of the aluminum back frame. 

Figure 8 Prototypes of four kinds of back frames: (a) single-layer structure, (b) 
suspended structure, (c) double-layer structure, (d) space bolt-ball net frame structure. 

(b) 

(d) (c) 

(a) 

Prototipo de elemento reflectante



Giant  Meter-wave Radio Telescope (GMRT), India (45 m cada antena)

• 30 antenas 

• 50 - 1500 MHz



Very Large Array

(VLA, Nuevo Mexico, EEUU)

• 27 antenas de 25-m de diámetro 

• 74 MHz - 50 GHz



VLA (1400 MHz)

Canadian Galactic Plane Survey

DRAO Synthesis Telescope


Canada. 



SKA

Sudafrica / Australia

Equivalente a una antena de 1 km2



Square Kilometre Array  (SKA)



MWA, SKA pathfinder (Australia)

( ilustración )



MeerKAT radio telescope (South Africa)

Fase 1 del SKA-MID


64 antenas 



A NEW ERA IN PLANET FORMATION 
Planet-Forming Disks With SKAO

Antonio Garufi, Sebastián Pérez and the Cradle of Life group







El centro galáctico. Imagen inaugural del radio telescopio MeerKAT.



El centro galáctico (MeerKAT) 
Solo con observaciones en radio es posible ver el centro galáctico. 

En el óptica el gas y el polvo absorben y bloquean la mayor parte de la emisión.

2 º



Low Frequency Array (LOFAR) 
Países bajos + otros 7 países en Europa


~1 km2 de área colectora

10 MHz - 240 MHz
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Radio galaxia NGC 326;  LOFAR + imagen óptica



Radio galaxia M106;  LOFAR
The bright radio structures in the centre of the galaxy are not actually true spiral arms, but 
are believed to be the result of activity from the galaxy's central supermassive black hole. 

Credit: Cyril Tasse and the LOFAR surveys team. 



Atacama Large Milimetre Array (ALMA); Chile.

66 antenas; 31 - 1000 GHz (milimétrico)



Distancia máxima entre un par de antenas: 16 km.





protoplanetary disc around HL Tauri  (ALMA)



Espectro de dos nubes moleculares en región 

de formación estelar (ALMA)
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La Radio astronomía nos permite estudiar:



SPHERE / IRDIS @VLT UT3 ALMA

Estrella V960 Mon, tipo FUor.



SPHERE / VLT ALMA

GRAVITATIONAL INSTABILITY AROUND AN FUOR OBJECT 3

Figure 1. SPHERE/IRDIS linearly polarised intensity (PI) obser-
vation of V960 Mon in H-band. PI is normalized to its maximum
value (6.6 mJy arcsec�2) and on a logarithmic scale. The frame is
centered on the primary, which was covered by the coronagraph dis-
played by a black circle. The projected scale is shown in the lower
right assuming the distance of 2189 pc.

which is concealed behind a coronagraph marked by a black
circle. The image displays a vast S-shaped structure of scat-
tered light extending along the north-south axis. Both the
northern and southern parts are comprised of at least two
adjacent spiral arms each. Assuming the Gaia DR3 dis-
tance (d = 2189 ± 281 pc, Gaia Collaboration et al. 2022),
the projected extent of these spiral arms is several thousand
au. Although we should approach the Gaia DR3 distance
with caution due to the relatively large renormalized weight-
ing unit error (RUWE) of 3.75, it is noteworthy that the
Gaia DR3 distance calculated for the assumed companion
UCAC4 430-024261 (also referred to as V960 Mon N) is
similar at 2606±346 pc (Gaia Collaboration et al. 2022), with
a sufficiently small RUWE of 0.93, indicating a reliable as-
trometric solution. However, it is important to interpret the
projected spatial scales presented in this study while consid-
ering the controversy associated with the distance measure-
ment of the object (as introduced in Section 1).

We confirm a close stellar companion southeast of the
coronagraph which appears both in polarized and unpolar-
ized intensity. This object was previously detected in J- and
K-band, with Pa� and Br� emission at a distance of 227 mas
and a PA of 131.4 deg (Caratti o Garatti et al. 2015). Here, we
measure the companion to be at a distance of 237±4mas and
at a PA of 136.7±1.0 deg with respect to the primary. No-

tably, this companion is co-located with the scattering struc-
tures, meaning there is no evidence of its orbit being cleared
(see Fig. 1). The detection of the companion in both polar-
ized and unpolarized intensity implies the presence of small
dust grains in its immediate vicinity or indicates significant
scattering along the line of sight.

Motivated by the spectacular scattered light image seen in
Fig. 1, we conducted a re-examination of archival ALMA
band 6 data (programme-ID: 2016.1.00209.S, PI: Takami)
previously published in Kóspál et al. (2021). We describe
our data reduction and the differences to Kóspál et al. (2021)
in Appendix A, with an exploration of the imaging parame-
ters to test for the robustness of the observed structures.

In the left panel of Figure 2 we show the ALMA 1.3 mm
continuum image and compare it to the polarized light image
in the right panel. Both panels superimpose ALMA contours
at 3, 4, and 5 �rms levels (with �rms = 28 µJy beam�1). Re-
markably, these contours reveal multiple spatially-separated
fragments of continuum emission, reaching up to 7�. They
align along a clockwise-opening spiral arm originating from
the primary source. The left panel of Fig. 2 shows that these
clumps roughly coincide with the southern spiral structure
observed in scattered light. We note that although the respec-
tive observations were taken within a small temporal sepa-
ration, a perfect alignment is not expected as the scattered
light image probes the illuminated surface of the structures,
while the ALMA continuum image traces emission from dust
in cold, dense clumps that are likely optically thick in the
near-infrared (NIR). In Appendix B, we show that the mm
clumps can align with the scattered light spiral by assuming
an adequate orientation for the spiral and a function for the
scattering surface.

Both the emission centered on V960 Mon and the individ-
ual clumps remain unresolved by the beam of the observation
(0.0014 ⇥ 0.0020 for natural weighting). We note that the close
companion seen in the SPHERE data does not exhibit any
significant counterpart in millimeter emission.

Assuming the 1.3 mm continuum emission is optically
thin, we can estimate the clumps’ masses based on a given
temperature and dust opacity. Considering a typical opac-
ity of 1.3mm = 2.3 cm2 g�1 (Beckwith et al. 1990) and a
temperature of 50 K, the clumps correspond to solid mate-
rial masses ranging from 3 to 10M�, which corresponds to
a gas mass of 1 to 3 MJup, assuming a gas-to-dust mass ratio
of 100. However, it is important to note that both the opac-
ity and temperature can significantly deviate from these val-
ues, depending on dust properties and local thermodynam-
ics. Also, the gas-to-dust value can be significantly smaller
where dust accumulates. The calculated masses exhibit an
approximate inverse dependence on the assumed temperature
and show a quadratic proportionality with the assumed dis-
tance to V960 Mon. This indicates that if the previously as-

Weber et al. (2023)
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Figure 2. Comparison of ALMA band 6 continuum image in mJy beam�1 using natural weights (left panel) with SPHERE/IRDIS polarized
light image (right panel, see Fig. 1). Both images are overlaid with contours of the ALMA continuum at levels of 3, 4, and 5 �rms (with �rms =
28µJy beam�1). The clean beam of the ALMA observation is shown in white in the bottom right corner of the left panel (0.0014 ⇥ 0.0020).The
arrows in the left panel mark the dust clumps.

sumed distances were used, the inferred clump masses would
be even smaller. Consequently, we argue that the continuum
emission effectively traces clumping occurring at scales rel-
evant to planet formation.

4. DISCUSSION

4.1. Origin of spiral structures

Spiral structures have been observed in several protostellar
systems (see table 2 in Bae et al. 2022). These spirals exhibit
variations in size, number, contrast, and pitch angle, suggest-
ing different physical origins. Commonly discussed possi-
bilities in the context of protoplanetary disks are a massive
external companion (e.g. Dong et al. 2015) or vortex (van
der Marel et al. 2016; Huang et al. 2019), gravitational insta-
bility (e.g. Lodato & Rice 2005), an inner binary (Price et al.
2018), a stellar fly-by (e.g. Clarke & Pringle 1993) or combi-
nations of these processes (Thies et al. 2010; Pohl et al. 2015;
Meru 2015).

The complex environment surrounding V960 Mon
presents a challenge for pinpointing the precise cause of the
scattered light structure. The significant measured envelope
mass (Cruz-Sáenz de Miera et al. 2023) implies a further
potential association between the large-scale spirals and in-
falling material (Lesur et al. 2015; Hennebelle et al. 2017;
Kuffmeier et al. 2018). Another plausible explanation could
be the capture of a close-by cloudlet (Dullemond et al. 2019).

Additionally, the presence of multiple objects in the immedi-
ate vicinity (Kóspál et al. 2021) introduces the possibility of
considering them as potential candidates of a past fly-by.

Kóspál et al. (2021) estimate that the mass correspond-
ing to the unresolved emission around the primary could
be as high as 0.33M� (updated from the original value of
0.17M� considering the Gaia DR3 distance). The authors
calculate that a disk of such a mass around an approximately
solar-mass star would be susceptible to gravitational instabil-
ity beyond a critical radius. However, simulations indicate
that disks undergoing gravitational instability typically can-
not maintain spiral arms beyond a radius of 100 au for long
periods of time, as the disk tends to fragment at larger radii
(Rafikov 2005; Cossins et al. 2010; Zhu et al. 2012).

4.2. Gravitational Fragmentation

For V960 Mon, it remains uncertain which of the preced-
ing formation scenarios accurately describes the environment
surrounding the dust clumps. So far, Keplerian rotation was
only detected in the optical and NIR (Park et al. 2020), where
the molecular line profiles trace material much closer to the
star. We speculate that the spirals are located between the in-
ner envelope and outer disk and refer to disk equations with
reservation.

To our knowledge, the only process capable of explaining
the fragmentation of a spiral arm into clumps (as witnessed

Weber et al. (2023)



Imagen fue tomada como parte de una campaña 
que observó varias estrellas de este tipo usando el instrumento SPHERE, en el VLT UT 3

IRDIS: InfraRed Dual-band Imager and Spectrograph. 
Es una de las cámaras disponibles en SPHERE,  

que opera entre 900 y 2300 nm (infra rojo cercano). 



Very Large Telescope (VLT), cerro Paranal, Chile.

VLTi: interferómetro



Telescopios auxiliares móviles



Óptica adaptativa



https://astronomynow.com/090402OrionNebulabinarystarresolvedbyVLTI.html

Theta1 Orionis C, 
in the Orion Trapezium Cluster



Astronomía de rayos X



Desde fuera de la atmosfera 

• Técnicas distintas a las 
astronomía óptica/IR y de radio.


• Emisión normalmente producida 
por objetos a altas temperaturas, 
de cientos de MK.


• Primera fuente extrasolar de 
rayos X: Scorpius X-1 (1962).

Astronomía de rayos X

Chandra



Satélite ROSAT



• End stages of stellar evolution and 
supernovae 


• Supernova remnants 

• White dwarfs and cataclysmic variables 

• Neutron stars 

• X-ray binaries 

• Isolated and accreting pulsars 

• Black holes 

• Microquasars 

• Pulsar wind nebulae 


RXTE (rayos X)



Andrómeda



NuSTAR (Nuclear Spectroscopic Telescope Array)





• Detector de estado sólido.


• Cadmio - zinc - telurio (NuSTAR)

Proyecto IXPE



Vela en óptico (Hubble)



Vela en óptico y X-rays



Vela en X-rays (Chandra)



Vela en X-rays (IXPE)



Nebulos del cangrejo en rayos x (Chandra) https://chandra.harvard.edu/photo/

Más imágenes de Chandra:



Astronomía de rayos Gamma



El cielo en rayos gamma, por telescopio Fermi 







Very High Energy gamma rays (VHE)

• Cherenkov Telescope Array: CTA


• Atacama, Chile


• La Palma, España.

Rayos gamma de muy alta energía











HAWK 
High Altitude Water Cherenkov





HAWK:  Halo de emisión TeV  (VHE gamma rays)

alrededor de dos pulsares


