
2015Publication Year

2020-09-11T15:52:18ZAcceptance in OA@INAF

SKA and the Cradle of LifeTitle

Hoare, M.; Perez, L.; Bourke, T. L.; Testi, L.; Jimenez-Serra, I.; et al.Authors

10.22323/1.215.0115DOI

http://hdl.handle.net/20.500.12386/27336Handle

POS PROCEEDINGS OF SCIENCEJournal

215Number



P
oS

(A
A

S
K

A
14)115

The Cradle of Life and the SKA

M. G. Hoare�1, L. Perez2, T. L. Bourke3, L. Testi4;5;6, I. Jimenez-Serra5;7, P. Zarka8, A.
P. V. Siemion9;10;11, H. J. v. Langevelde12;13, L. Loinard14, G. Anglada15, A. Belloche16,
P. Bergman17, R. Booth18;17 P. Caselli19, C. J. Chandler2, C. Codella4, G. Hallinan20,
J. Lazio21, I. S. Morrison22;23, L. Podio4, A. Remijan2, J. Tarter24,
1School of Physics and Astronomy, University of Leeds, Leeds, UK; 2National Radio Astronomy
Observatory, USA; 3SKA Organisation, Jodrell Bank Observatory, UK; 4INAF-Osservatorio
Astro�sico di Arcetri, Firenze, Italy; 5European Southern Observatory, Garching, Germany;
6Excellence Cluster Universe, Garching, Germany; 7University College London, London, UK;
8LESIA, CNRS - Obs. Paris, Meudon, France; 9ASTRON, NL; 10Radboud University, NL;
11University of California, Berkeley, USA; 12JIVE, NL; 13Sterrewacht Leiden, Leiden University,
NL; 14CRyA-UNAM, Morelia, Mexico; 15Instituto de Astrofísica de Andalucía, CSIC, Spain;
16MPIfR, Bonn, Germany; 17OSO, Chalmers University of Technology, Sweden; 18University of
Pretoria; Pretoria, South Africa; 19MPE, Garching, Germany; 20California Institute of
Technology, Pasadena, USA; 21JPL, California Institute of Technology, Pasadena, USA;
22University of New South Wales, Australia; 23Swinburne University of Technology, Australia;
24SETI Institute, Mountain View, USA;
E-mail: m.g.hoare@leeds.ac.uk

We provide an overview of the exciting capabilities of the SKA in the Cradle of Life theme. With
the deployment of the high frequency band 5 receivers, the phase 1 of the SKA can conduct head-
line science in the study of the earliest stages of grain growth in proto-planetary disks. SKA1-MID
can map the 2 cm continuum emission at a resolution of 4 au in the nearest systems and therefore
begin to probe the distribuion of cm-sized particles across the snow line. This frequency range
will also enable deep searches for pre-biotic molecules such as amino acids from pre-stellar cores
to the cold, outer regions of proto-planetary disks where cometary material forms. The lowest
frequency capabilities of SKA1 can be used to examine the magnetic �elds of exo-planets via
their auroral radio emission. This gives unique insight into their interiors and could potentially
detect exo-moons. Across the full frequency range, the SKA1 will also carry out systematic,
volume-limited searches of exo-planet systems for signals from technologically advanced civi-
lizations. The sensitivity of SKA1 means that these only need to be at the level of typical airport
radar signals in the nearest systems. Hence, the SKA1 can conduct high impact science from the
�rst steps on the road to planets and life, through areas affecting the habitability of planets, and
ultimately, to whether we are alone in the Galaxy. These inspirational themes will greatly help
in the effort to bring SKA1 science to a wide audience and to ensure the progression to the full
SKA.
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1. Introduction

The origin of life is as great a question as the origin of the universe. In terms of the interests
of the general public it is probably second to none. A suitably equipped SKA will yield new and
unique insights into the different stages of the origin and existence of life elsewhere in the Galaxy.

First, the combination of sensitivity and resolution of SKA1-MID equipped with band 5 re-
ceivers will probe the �rst steps on the road to forming habitable planets. Only cm-wave instru-
ments can directly track the growth of dust grains through the important cm-sized regime. For the
nearest proto-planetary disk systems SKA1-MID can start to study grain growth processes inside
the snow line, which is the realm of rocky planet formation.

Secondly, SKA1-MID can detect the presence of molecules that are of biological interest such
as amino acids. These heavy molecules that are the very building blocks of life have detectable
transitions in the band 5 frequency range. The sensitivity and resolution of the core of SKA1-MID
will enable searches for these pre-biotic molecules in the outer regions of proto-planetary disks
free from the line crowding and strong dust emission at millimetre wavebands. It is in these cold
outer disk regions where their incorporation into comets could allow the possibility of delivery on
to rocky inner region planets.

The next stage of the origins story is the characterization of the planets themselves. A unique
contribution of radio observations is the study of planetary magnetic �elds via auroral emission.
Not only do magnetic �elds give clues to the nature of planetary interiors, but they also play a role in
protecting planetary surfaces from the high energy stellar wind particles that give rise to the aurorae
in the �rst place. SKA1-LOW has the potential to study the magnetic �elds of Jupiter-like planets
at moderate distances from their host stars. Modulations of these radio emissions will expand the
�eld of comparative magnetspheric physics to a much broader range of star-planet interactions than
in our solar system. They may also indicate the presence of potentially habitable exo-moons.

Last, but by no means least, is the potential for the SKA to detect directly the existence of
intelligent life via technologically produced radio signals. Such a discovery would of course be
momentous in the history of humankind. However, the sensitivity of the SKA1 is such that in-
teresting conclusions can be drawn from upper limits on targetted samples of the ever growing
numbers of known exo-planet systems. The ability to detect typical levels of leakage radiation pro-
duced by technological civilizations like ourselves takes the search for extra-terrestrial intelligence
to a whole new level. Commensal observing modes with the SKA will enable searches of much
larger areas of parameter space for such signals than has ever been possible before.

2. Grain Growth in Proto-Planetary Disks

The unique value of the SKA in this context is that the only unambiguous way of detecting the
presence of cm-sized particles is to measure the strength and the spectral index of the continuum
emission at cm wavelengths as shown in Figure 1. In principle, the longer the wavelength we can
use the better, to probe ever larger grains, but of course the �ux is falling off at least as fast as l �2

and so there is a big trade off with sensitivity. Several studies have shown evidence for a �attening
in the spectral index of the overall SED showing that grain growth is taking place somewhere in
the proto-planetary disk (e.g. Ricci et al. 2010).
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Figure 1: Opacity curves for grains of different sizes showing the �attening of the slope at cm wavelengths
as the grains become cm-sized. The wavelengths at which ALMA, JVLA and SKA1-MID can deliver
matching-beam data with a resolution of 40 mas are indicated. This corresponds to the �4 au radius of the
snow line in the nearest proto-planetary disks.

The challenge now is to �nd out where and how grain growth proceeds as this is the �rst crucial
step on the road to planet formation. As discussed in Testi et al. (2015; these proceedings) there
are considerable challenges involved in grains growing through the cm size regime and that growth
may only occur in particular locations within disks where dust becomes trapped. Investigating
these phenomena requires high spatial resolution at cm wavelengths (e.g. PØrez et al. 2012).

Another key related question is which mechanisms lead to the formation of the very different
terrestrial and Jovian planets. This will require studies of grain growth either side of the snow line
for water ice, which is located at a radius of a few au from the star. As discussed by Kretke & Lin
(2007) the interplay of the additional opacity at the snow line with the formation of dead zones in
the turbulence due to the magneto-rotational instability can overcome the barriers to grain growth.
For typical proto-planetary disks around solar-type stars the snow line is expected to be at a radius
somewhere in the range of 1 to 10 au depending on the accretion rate. The snow line in the well-
studied TW Hya disk is deduced from observations to be at a radius of around 4 au (Zhang et al.
2013). Therefore at the typical 100 pc distances of the nearest proto-planetary disks this requires
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a spatial resolution of about 40 mas to resolve the snow line. This is precisely the resolution of
SKA1-MID operating at the top end of the band 5 frequency range.

The size of the large grains in a proto-planetary disk are deduced from the shape of the spectral
energy distribution at each location in the disk. This is best done across a broad spectral range all
the way from mm through to cm wavelengths. At the resolution needed to resolve the snowline this
can be achieved with SKA1-MID operating at 2.5 cm in combination with the JVLA at 7 mm and
ALMA at 3 mm as is illustrated in Figure 1.

To demonstrate the feasibility of such an experiment we show a simulated 11.3 GHz contin-
uum observation of a typical proto-planetary disk model in Figure 2. The model is based on that
presented by Isella et al. (2009) for a disk with a symmetric distribution of 0.01M� of material as
in the minimum mass solar nebula surrounding a 1M� star. The disk has a radius of 120 au and is
viewed at an angle of 45� at a distance of 125 pc. Dust in the disk has an emissivity law slope of
b = 0:5 and has a total �ux of 180 mJy. Here it is imaged at the full resolution of SKA1-MID where
the unifrom weighted beam has a size of 35�40 mas. This simulation was for a 1000 hour deep
�eld integration and clearly maps out the dust emission at this high resolution. The peak intensity
is 4 mJy/beam, equivalent to a brightness temperature of 30 K, and the noise level is 0.07mJy/beam
(0.5 K). Hence, SKA1-MID can clearly make a high impact in the mapping out of grain growth in
proto-planetary disks at high resolution in targeted regions.

Figure 2: Simulated continuum image of a proto-planetary disk using a 2 � 2.5 GHz bandwidth from 8.8 to
13.8 GHz. Contours run from 5, 10, 15, ...,45 times the 0.07mJy/beam noise level. The image is about 0.85
� 0.65 arcseconds in size and the 35 � 40 mas beam is indicated. See text for details. Note that real disks
are likely to have signi�cant structure in them as in Figure 1 of Testi et al. (2015).
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