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The Big Questions

• How do Earth-like planets form?

• How did life originate?
• What are exo-planets like?
• Is there intelligent life out there?

Proposed Key Science Projects

Cradle of Life

M. G. Hoare

• Young Cluster Deep Field

• Characterization of exoplanets

• SETI search

Figure 4: Spitzer three-colour image (3.6µm (blue), 8.0µm (green), 24µm (red)) of the L1688 region of
r Oph star forming region. Class I and II young stellar objects are indicated by the plusses and squares
respectively. Note the clustering of young sources that enables many sources to be studied in one deep
pointing with SKA1-MID. One 6 arcminute field of view centred on the r Oph A cluster is indicated at the
top right.

mechanism models. Variability may also help identify regions of the disk that are contaminated by
jet emission as, in general, this is expected to vary on more rapid timescales than the dust emission
from the disk. Furthermore, the long duration monitoring will provide a wealth of data with which
to study the magnetic flaring activity in the innermost regions where the protoplanetary disk is
expected to be disrupted by the magnetic field (e.g. Liu et al. 2014). These highly energetic events
have been proposed as being responsible for the chondrules found in meteorites (Shu et al. 2001)
and so may help complete the picture of the make-up of planet forming material.

Finally, if some of these observations over the period of a year or so are combined with VLBI
runs then the 3D tomography of non-thermal sources in the targeted young cluster can be completed
simultaneously as well. As discussed by Loinard et al. (these proceedings) knowledge of the 3D
structure and kinematics, via proper motions and radial velocity, will provide stringent tests of
cluster formation models. The VLBI resolution will also be able to locate accurately where in the
proto-planetary disk the non-thermal emission originates. This will further help elucidate its role
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Young Cluster Deep Field
• Primary science driver:
grain growth in protoplanetary discs
• ~ 1000 hour single pointing
with SKA1-Mid
• Top end of band 5:
8.8 – 13.8 GHz continuum
• 40 mas resolution
equivalent to 5 au at 125 pc

Tens of targets

Cm-wave data are vital
• Difficulty in growing
grains through cmsized regime
• Need cm-wave
observations to
probe cm-sized
grains, emission is
weak
• Map out the
spectral index

Matching 40 mas beam

ALMA JVLA SKA1

State-of-the-art

Shallow spectral index indicates grain growth in AS209
(Pérez et al. 2012)

Inside the snow line with SKA1
• Need ‘dust
traps’ to help
grains grow
• E.g. the water
ice/snow line

Hasegawa & Pudritz (2012)

Spatial resolution at 12 GHz at 125 pc

SKA1 JVLA

uum observation of a typical proto-planetary disk model in Figure 2. The model is based on t
presented by Isella et al. (2009) for a disk with a symmetric distribution of 0.01M of materia
in the minimum mass solar nebula surrounding a 1M star. The disk has a radius of 120 au an
viewed at an angle of 45 at a distance of 125 pc. Dust in the disk has an emissivity law slope
b = 0.5 and has a total flux of 180 µJy. Here it is imaged at the full resolution of SKA1-MID wh
the unifrom weighted beam has a size of 35⇥40 mas. This simulation was for a 1000 hour d
field integration and clearly maps out the dust emission at this high resolution. The peak inten
is 4 µJy/beam, equivalent to a brightness temperature of 30 K, and the noise level is 0.07µJy/be
(0.5 K). Hence, SKA1-MID can clearly make a high impact in the mapping out of grain growth
proto-planetary disks at high resolution in targeted regions.

Proto-planetary disc simulations

0.85"

• Disc simulation from Laura
Perez based on Isella et al.
(2009)

• 1 M¤ star with MMSN 0.01 M¤
disk inclined at 45o
• Distance of 125 pc
• 35 x 40 mas beam at 11.3
GHz
• 1000 hr integration imaged
with uniform weighted SKA1Mid configuration

Figure 2: Simulated continuum image of a proto-planetary disk using a 2 ⇥ 2.5 GHz bandwidth from 8.
13.8 GHz. Contours run from 5, 10, 15, ...,45 times the 0.07µJy/beam noise level. The image is about 0
⇥ 0.65 arcseconds in size and the 35 ⇥ 40 mas beam is indicated. See text for details. Note that real d
are likely to have significant structure in them as in Figure 1 of Testi et al. (2015).

11.3 GHz intensity

Peak 4.0 µJy/beam

Tb=30 K

Noise 0.07 µJy/beam

Tb=0.5 K

Disc Structure

ALMA$%$HLTau$

ALMA:
HL Tau 1.3 mm at 35 mas resolution

Selfgravita3ng$disk

Simulated self-gravitating disc:
7 mm emission at 7.5 au resolution

Additional science aims
Grain growth

Pre-biotic molecules
Glycine)I,)Sgr)B2)(N))absorp'on)

Tens of targets

6D tomography

Figure 2: Top and middle panels: predictions for the Glycine rotational spectrum in
(L1544); the spectrum shows the frequency ranges covered by the low frequency A
and the high frequency JVLA bands; the predicted intensities are low and difficult to
very P.)Bergman)SKA)CoL)))Nov)7)2013)
sensitive facilities (adapted from the models of Jiménez-Serra et al. 2014). Botto
preditions of Glycine line intensities in the frequency range from 1 through 15 GHz
the TW Hya protoplanetary disk with two assumptions on the Glycine gas phase abun
et al., in preparation).

Magnetic flaring

Jets

resolution, corresponding to typical disk sizes in the nearby star forming region
is captured in the SKA1 science requirements (Braun 2014) which has been d
cores, but can also apply to protoplanetary disks, scaling for the smaller expecte
line. In fact, if the gas phase abundance of Glycine is on the high side of th
then the detection should not be very demanding and achievable with about
addition, we remark that the simplistic assumption of local thermodynamic
line excitation, made in the computations, is very simplistic and may not app
of these heavy molecules. The detection and analysis of Carbodiimide (HNC

Cross-KSP Talks for young cluster
• Our Galaxy – magnetic fields via polarization in jets and
discs
•

(Melvin, Wouter, ...)

• Our Galaxy - continuum and recombination lines from jets
•

(Melvin, Mark, ...)

• Our Galaxy – pre-stellar core pre-biotic molecule KSP?
•

(Jaime, Doug, Jill, Sergio ...)

• Transients - time variability of radio jets and flares
•

(Melvin, Leonardo, Michael, ...)

• VLBI - tomography of young cluster
•

(Melvin, Hiroshi, Zolt, ...)

Exo-planet characterization
• SKA1-Low multi-beam imaging
search for bursts of electron
cyclotron maser emission from
aurorae
• ~1 sec integrations at 1 MHz
resolution over whole BW using
full array
• Non-imaging follow-up?
• Targeted observations – e.g.
known exoplanets
• Expand to include all nearby
stars?

Solar system planets

Exo-planet properties
Model dynamic spectra (Hess, Zarka et al., 2008, 2011)

• Planetary magnetic
field strength –
planetary interior
• Planetary rotation
period
• Type of interaction
• Orbit inclination
• Tilt of magnetic axis
• Exo-moons?

[Hess, Zarka et al., 2008, 2011]

State-of-the-art

•

LOFAR
observations of
Upsilon
Andromedae at
59 ±3 MHz, 3
hour integration

•

Clean image,
baselines ≤ 5 kλ,
resolution ~ 40",
noise ~ 8 mJy,
no detection

Common mechanisms & scaling law?
Solar System Planets &
Planet-Satellite
Interactions

Star-Exo-planet Interactions

Magnetic binaries

[Zarka et al., 2001 ; Zarka, 2007, 2010]

Low-mass stars/Brown Dwarfs

[Hallinan et al., 2015]
VLA : RMS noise ~1.6
μJy/beam

[Hallinan et al., 2007, 2008]

Extend to SKA1-Mid?
Low mass / cool stars, SPI

Exoplanets

[Zarka, 2004]

WD-Planet systems,
Magnetic Binaries

[Hallinan et al., 2007,2008,2015]

[Willes & Wu, 2004,
2005]

10s - 100s MHz
10s MHz ? - several GHz
10s MHz ? - 10s GHz

SKA-Low

SKA-Mid

Cross-KSP Talks for exo-planets
• Cradle of Life – target only known exo-planet systems in
era of GAIA/TESS/RV,…or…?
• Our Galaxy - extend to brown dwarfs, low-mass stars, white
dwarfs, all nearby stars? Monitor stellar flares followed by
auroral interaction on companion
•

(Philippe, Grazia, ...)

• Transients – methodologies, imaging/non-imaging,
commensality
•

(Philippe, ...)

• EoR – commensal with/compliment EoR?
• (Philippe, Leon, ...)

SETI
• Commensal survey of order of a million objects
• ~10 min integrations
• Cover whole of the SKA1 bandwidth at ~0.1 Hz
resolution, i.e. using Low and Mid

Detection Limits
For an Extraterrestrial Transmitter @ 25 pc!

(tintegration = 10 min, SNR = 15) 	


State-of-the-art
• Most thorough targeted SETI search previously
conducted: Project Phoenix: 1000 stars over 1-3 GHz
to a luminosity limit of ~ 2 x 1019 ergs/sec.
• SKA1: In a five year commensal campaign, could
survey every star within 70 pc to a luminosity limit
an order of magnitude fainter, ~ 2 x 1018 ergs/sec
over a larger band.

Potential SETI Approaches
SETI Surveys	

	

	

	

Targeted SETI	

	

	

	

Data-mining
SETI	


Pros: Least anthropocentric bias - makes no
assumptions about locations, habitable zones, etc…	

Cons: computationally expensive (SKA2), especially
for interferometers and large ranges of parameters. 	

	

Pros: Can conduct a sensitive search over a wide
range of signal parameters.	

Cons: Differing opinions on what constitutes a
“good” SETI target.	

	

Pros: The data are already there, and often well
characterized already.	

Cons: Low sensitivity to “traditional” signal types,
usually incoherent searches only.	


Potential Targets
Known Earth-like Exoplanets or Solar
System-like Exoplanet Systems	

	

	

Sun-like Stars	

	

	

	

	

Nearby Stars	

	

	

Serendipitous Alignments, e.g. multiple
exoplanets in a single system along a line of sight
to the Earth, “eavesdropping SETI”	


Cross-KSP Talks for SETI
• Cradle of Life – common targets with exo-planet KSP on
SKA1-Low
•

(Andrew, Ian, Philippe)

• Transients - commensality with searching all SKA1
observations for SETI signals
•

(Andrew, Ian, ...)

Major issues at this meeting
• Young cluster deep field – work up the KSP case, add
science scope, explore target field, JVLA pilot
• Exo-planet characterization – extent and scope of joint KSP
with stellar community, commensality
• SETI – commensal KSP philosophy, methodology, scope of
targets, scope for hardware sharing

Example
• We can observe all stars within 100 pc in order to study:
exoplanets, stellar flares and SETI
• Do you want 3 separate KSPs that would have to be linked
in some way since they are all observing the same targets?
• Or do you want 1 KSP on nearby star science?

