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Protoplanetary disk midplanes:
» Formed from the prestellar materials

» Sites of protoplanetary and cometary building block formation

When and where are the seeds to life planted?

Complex organic molecules to an astrochemist are C-containing
and have 6+ atoms.
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Complex Organics in the prestellar phase

L1544 & L1498 - talk of Izaskun Jiménez-Serra

and in the protostellar phase

Low-mass protostars - talk of Arnaud Belloche

High-mass protostars - talks of Maite Beltran & Francesco Fontani
and in comets

Rosetta mission to
67P/C-G
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Let’s consider a
protoplanetary disk
analogous to our
Solar Nebula



in L1689 region in p Oph;
d~120 pc

low-mass; L~21 Lg
binary with a separation of
~600 AU
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ALMA Protostellar
Interferometric Line Survey

angular res. ~60 AU

spectral res. 0.2 km s

sensitivity 5 mJy beam! km s

-~ 10 000 lines in 33.7 GHz
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On large scales:

Outflows:
SO and SO,

Envelope:
OCS, H,S and H,CS

resent on small disk-scales!

HDCS/H,CS = 0.1 £+ 0.014, he = 0.05 7

» Highly singly-deuterated (com to O-Wg complex organics)

« HDCS/H,CS = 1.5 x HDCO/H,CO ‘

* D,CS/HDCS =< 5 x D,CO/HDCO Drozdovskaya+ 2018; Persson+ 2018;
- D,CS/H,CS <10 x D,CO/H,CO Jorgensen+ 2018 resubm.

Distribution of S-volatiles near IRAS 16293-2422 B




SIS :
Formation time: More Comp|ex species
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Let's suppose
6/P/C-G Is a probe
of our Innate Solar

Nebula
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During the last orbit of 67P, the Northern hemisphere
was processed:

it was the summer hemisphere during 5.5 years

=> The surface layer may have lost most of its
volatiles?

Measurements during perihelion are closer to
Northern hemisphere values!
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CH,

Methyl isocyanate, propanal and glycolaldehyde could not be confirmed in the original
COSAC identifications.

Presence of polyoxymethylene in Ptolemy spectrum is unlikely; toluene is measured

instead.

Molecule Mass (Da) Rel. [dentified
abundance (per cent) in DEMS spectra

CHy Methane 16 0.7 Y
H,O Water 18 80.9 Y
CHN Hydrogencyanide 27 1.1 Y
CcO Carbon monoxide 28 1.1 Y
CHsN Methylamine 31 1.2 Y
CH3CN Acetonitrile 41 0.5 minor
CHNO [socyanic acid 43 0.5 Y
C,H;,O Acetaldehyde 44 1.0 Y
CH3NO Formamide 45 3.7 Y
C,HsNH, Ethylamine 45 0.7 Y
CH;NCO Methyl isocyanate 57 3.1
C;H:O Acetone 58 1.0 Y
C,HsCHO Propanal 58 0.4 ?
CH;CONH, Acetamide 59 2.2 minor
CH,OHCHO Glycol aldehyde 60 1.0
CH2(OH)CH>(OH) Ethylene glycol 62 0.8 Y




How do IRAS16293-2422B
& 6/P/C-G compare?
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No longer a biomarker....

Fayolle+ 2017, Science Astronomy
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On 67P/C-G:
only ~20% of S is in volatiles!

~80% is in refractories

Also detected in
IRAS 16293-2422 B

Main S-volatile reservoirs have been observed In
IRAS 16293-2422 B.

Ratio ALMA B 67P/C-G

SO/SO 0.33 0.4 — 0.7 (section 4.4 of Calmonte et al. 2016)
CH3SH/H-CS 3.7 0.69 — 5.2 (based on values in Table 4)
CoHsSH/CH3sSH < 0.337  0.0010 — 0.021 (based on values in Table 4)

Calmonte+ 2016, 2017
Drozdovskaya+ 2018

S-volatiles



o Stronger UV irradiation for
IRAS 16293-2422 B
(correlates with it being a
binary)

« Warmer birth cloud of the
Solar System
(also supported by models of
O, chemistry; Taquet+2016b)

Drozdovskaya+ 2018

The physics of formation set the chemical provenance!




solid lines: ices
dashed lines: gases

Models

back
this up!

HCOOCH,

(Le Roy+ 2015; Goesmann+

HOCH,CHO 2015; Altwegg+ 2017Db)
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o At least partial prestellar origins for the content of our
protosolar nebula.

e Other low-mass systems may be analogous.

* Dynamic infall and chemistry en route are non-negligible for the

composition of the protoplanetary disk and the planetesimals
therein.

The seeds to life are available on comets, but the roots are
already implanted in the pre- and protostellar phases.
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