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The origin of the diversity of
planetary systems

Kepler multi-planet systems Nov2015 (Kepler Orrery V) —> https://www.youtube.com/watch?v=_DnDeBaOKFc

@ Jupiter ) ' Kepler Orrery IV
® Neptune . 12 Dec 2010

* Earth By Ethan Kruse
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- Large variety of planetary systems all different from each other and from our Solar System |
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The importance of the
early stages
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The importance of the
early stages
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Deuteration Hydrogenation

Compact (<100 au), hot (>100 K), dense
(>107 cm-3) regions enriched in iCOMs

Ceccarelli 2004, Ceccarelli et al. 2007
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On the origin of the

chemical differentiation
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On the origin of the

chemical differentiation
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On the origin of the

chemical differentiation
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On the origin of the

chemical differentiation
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Major components of the icy

mantles of dust grains
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~ Cm interferometric observations are the key: NHj3; and CH30H are simultaneously observable
and the dust is likely optically thin also at planet-formation scales
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Observing at cm wavelengths:
The dust contribution

1.2 mm - continuum

200 au A2

. While IRAS 4A2 has a hot corino
N region, IRAS 4A1 does not.
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Observing at cm wavelengths:
The dust contribution

ALMA/mm observations - Lopez-Sepulcre et al. 2017
e

1.2 mm - continuum Of ;

. While IRAS 4A2 has a hot corino - Both IRAS 4A1 and IRAS

M region, IRAS 4A1 does not. L 4A2 have a Hot Corino!




Observing at cm wavelengths:
The dust contribution

ALMA/mm observations - Lopez-Sepulcre et al. 2017
e

1.2 mm - continuum CH3of :

- While IRAS 4A2 has a hot corino

T

region, IRAS 4A1 does not. L

- Both IRAS 4A1 and IRAS

4A2 have a Hot Corino!

4A1 and 4A2 are not
chemically different

iCOMs abundances at millimeter wavelengths are underestimated




Observing at cm wavelengths:

The ice mantle history
Abundance | \\3
8K | .
: JO
s NH3
107° - ~ )
The NH; and CH;0H
| relative abundance
10751 - depends on the clump
10°

temperature and density, |
and the ice mantle

formation timescale

e.g, an old grain mantle would be
likely enriched in CH30OH




Observing at cm wavelengths:
The ice mantle history e o8
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Observing at cm wavelengths:
The ice mantle history
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Observing at cm wavelengths:
The ice mantle history

Detection of compact CH3OH and NHj3 emission in three protostars in the NGC 1333 region 3

" De Simone e al. in submssio
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Observing at cm wavelengths:

The ice mantle history

IRAS 4B
NH, NH; NH;
<0.5 <3
CH;0OH CH;OH CH;OH

| IRAS 4A1 IRAS 4A2%
- With a non-LTE LVG analysis we

. derived the abundance ratio —>

<15

M De Simone et al. in submission
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Observing at cm wavelengths:

The ice mantle history
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— . o IRAS4A1 ~  IRAS4A2Y .. IRAS 4B
- With a non-LTE LVG analysis we NH, NH; NH,

. derived the abundance ratio —> <05 <3
CH,OH CH,OH CH,OH

De Simone et al. in submission
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Observing at cm wavelengths:

The ice mantle history
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Observing at cm wavelengths:

The ice mantle history

IRAS 4A1
NH, NH,
<0.5 <3
CH,OH CH,OH

With a non-LTE LVG analysis we
.~ derived the abundance ratio —>

M De Simone et al. in submission
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we can say something more...




Observing at cm wavelengths:

The ice mantle history
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Take home messages

looking to the future...

& W 2 B
| Centimeter observations of hot corinos are crucial for their correct study '

—

We can constrain the ice mantle
history without being biased
by dust opacity effects

What do we need?

More sources;
Different star forming regions - different environments;
Complementarity of cm and mm observations!

These observations will serve as a testbed for future I
results that can be obtained with ngVLA and SKA.

The unprecedented SKA sensitivity and resolution will be a breakthrough
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Observing at cm wavelengths:
The ice mantle history
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