Cradle of Life
• High Priority Science Case
– Mapping grain growth in proto-planetary discs
– Young stellar cluster deep field
– Preparatory work

• Consequences of proposed cuts to SKA1-Mid
and Band 5
– Significant impact

• Comparison with VLA
– Same sensitivity

Planet Formation

ysical Journal Letters, 820:L40 (5pp), 2016 April 1

23 and 0.7 mm on the latter two executions. The
get integration time was ∼2 hr.
aw data were calibrated by NRAO staff. After
phase corrections from water vapor radiometer
nts, the data were time-averaged into 2 s integraﬂagged for problematic antennas and times. The
esponse of each spectral window was calibrated
observations of J1058+0133. The amplitude scale
mined from J1037–2934 and J1107–4449. The
in response of the system was calibrated using the
bservations of J1103–3251. Although images
rom these data are relatively free of artifacts and
integrated ﬂux density of the target (1.5 Jy), folding
al ALMA observations with a higher density of short
acings improves the image reconstruction.
end, we calibrated three archival ALMA data
s of TW Hya, from 2012 May 20, 2012 November
14 December 31, using 16, 25, and 34 antennas
aselines from 15 to 375 m. The ﬁrst two observafour 59 MHz wide spectral windows centered at
.4, 345.8, and 347.4 GHz. The latter had two
windows (at 338.2 and 349.4 GHz), one 469 MHz
t 352.0 GHz), and one 1875 MHz window (at
. J1037–2934 was employed as a gain calibrator,
and 3C 279 (May 20), Ceres and J0522-364

• ALMA
observations with
resolution 0.040ʺ
(4 au @ 100 pc)
are revealing
significant
structures in
proto-planetary
disc dust emission

Andrews et al.
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Need cm-wave data
• Spectral index
map gives size
• Need cm-wave
observations to
probe cm-sized
grains
• Key problem
growing grains
through cmsized regime
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Mapping Grain Growth

Calculated by integration of the column density profile obtained
from the 7.0 mm data between adjacent dark rings.
b

Calculated by radiative transfer modeling of the ALMA images by
• VLA
can achieve 0.04ʺ at 7 mm (43 GHz)
Pinte et al. (2016).
• SKA1-Mid at 2.5 cm (12 GHz)
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State-of-the-art

Figure 3. Radial proﬁles of several quantities in the HL Tau disk. In all panels,
the
width
of theproﬁles
lines represents
the 1σ uncertainty
of each
quantity.
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Inside the snow line with SKA1
• Need ‘dust
traps’ to
help grains
grow
• E.g. the
water snow
line
Hasegawa & Pudritz (2012)

Spatial resolution at 12 GHz at 100 pc

SKA1

JVLA

The millimeter and submillimeter fl
ionized gas (outflow) could explain the complex morphology
fitted by a range of thin disk mo
of the high-resolution 1.3 cm image of Rodriguez et al. (1992)
power-law radial dependences of sur
that shows extensions that are partially aligned with both the
and temperature, T F r 2q (e.g., Beckw
putative disk and jet axes. Thus, the earlier interpretation of
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Ionized Jet Emission

We thank Mark Holdaway and M

Fig. 1.— NOT 1998 [S ii] image of the region surrounding the HH 30 jet and the HL/ XZ Tau stars. North is up, and east is to the left. The dotted line is t

Key Science Project Outline
Cradle of Life

M. G

• ~ 1000 hr single
pointing
• Top end of Band 5
• 0.04ʺ resolution
equivalent to 5 au at
125 pc
• Young nearby cluster
for multiple tagets

Figure 4: Spitzer three-colour image (3.6µm (blue), 8.0µm (green), 24µm (red)) of the L1688 re

Young Cluster Deep Field
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

VLA Pilot
• 15 x 42 min epochs
observed so far in a
pilot study of the
selected target ρ Oph A
(PI Coutens, UCL)
• Objects at different
stages of evolution
• X-band in A config
giving 0.2ʺ resolution
at 4 GHz bandwidth

Starless cores
Class 0
Class I
+ Class II

Dibz et al. 2013 :

YSO
Extragalactic
C2D
Detected
Undetected

Band X : last 5 epochs
rms ~ 5-6 µJy/beam

GSS30-IRS3
GSS30-IRS1
S1

VLA 1623

Catalogue of the sources detected in Band X

Ours

Dzib et al.
(2013)

Affect of Proposed Cuts
• Run simulations using Robert’s scripts
– 1000 hours
– Centred at 11.3 GHz
– No Band 5 on MeerKAT dishes
– Use Band 5a/b Tsys as in ECP giving 20K

• Investigate noise level for the various cuts
• Simulate affect on proto-planetary disc model
simulation
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Proto-Planetary Disc Model

From Andrea Isella
via Tyler Bourke
d=130 pc

0.7ʺ
90 au

Seen through full 133 feed array
1000 hours
11.3 GHz
5 GHz BW
0.040ʺ beam
Total flux density:
350 μJy
Peak flux:
21 μJy/beam
Tb=125 K
Noise level:
57 nJy/beam
Tb=0.3 K
1.3ʺ
170 au

Through arms only with 1.4 GHz BW
1000 hours
11.3 GHz
1.4 GHz BW
0.044ʺ beam
Total flux density:
320 μJy
Peak flux:
21 μJy/beam
Tb=125 K
Noise level:
130 nJy/beam
Tb=0.8 K
1.3ʺ
170 au

Alternative PPD Model

PoS(AASKA14)115

To demonstrate the feasibility of such an experiment we show a simulated 11.3 GHz continuum 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 flux of 180 µJy. 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
field integration and clearly maps out the dust emission at this high resolution. The peak intensity
is 4 µJy/beam, equivalent to a brightness temperature of 30 K, and the noise level is 0.07µJy/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.

1000 hours
11.3 GHz
5 GHz BW
0.038ʺ beam

From Laura Perez
d=125 pc

Total flux density:
180 μJy

1 M¤ star
Minimum Mass Solar
Nebula of material

Peak flux:
4 μJy/beam
Tb=30 K

Noise level:
70 nJy/beam
Figure 2: Simulated continuum image of a proto-planetary disk using a 2 ⇥ 2.5 GHz bandwidth from 8.8 to
Tb=0.5 K
13.8 GHz. Contours run from 5, 10, 15, ...,45 times the 0.07µJy/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
0.85ʺ
are likely to have significant structure in them as in Figure 1 of Testi et al. (2015).
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Flux levels
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Flux Density (μJy) at 11.3 GHz
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350

Perez

180

TW Hya
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HL Tau (including free-free)
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HL Tau (dust only estimate)
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Other Aspects of the KSP
Grain growth

Tens of targets

?

6D tomography
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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).
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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

Simulations of Formamide on TW Hya
• Physical structure from Rosenfeld et al. (2012)
• 1D chemical modelling with 100 points from 1AU to 100 AU using UCL_CHEM
(Holdship, Viti, Jimenez-Serra+ 2017, submitted).
• Chemical network for NH2CHO (Quenard, Jimenez-Serra+, in prep).
• Radiative transfer done with GASS/LIME code (Quenard+2017, MNRAS,468,685Q)
UCL_CHEM
+
GASS/LIME

TW Hya @ 40 mas
NH2CHO @ 15.4 GHz

Comparison with VLA
Parameter

SKA1-Mid (CC)/VLA

Sensitivity (10 GHz)

1

Resolution

5

Field of view area

2.8

Number of spectral channels

4

Baselines

5.6

Alternative Cost Controls
• Band 5 was prioritized ahead of Band 1 in the last science
review process
• Band 1 overlaps with MeerKAT UHF
• Remove 66 Band 1 feeds
• Removing 22 Band 1 feeds on outer 7 dishes per arm gives
max baseline of 38 km and 2 arcsec resolution at 800 MHz
• Remove next 44 feeds as dictated by Band 1 teams
• Can still do all HPSO Band 1 cases
– Pulsars – core only
– H I intensity mapping – auto-correlations
– High-z H I in galaxies requires 2-10 arcsec resolution

• -Saves €6M

Conclusions
• The removal of outer 3 dishes has a significant
impact on Cradle of Life HPSO
– Let’s get the steel in the ground and stop cutting
dishes

• Can still do the HPSO post cuts
– Will all the extra time needed be available?

• Simultaneous science lost without core and
VLBI
– Very poor message to African VLBI Network
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