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The formation of a Sun-like star,
and jts Solar System.
The emergency of life
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Tracing our chemical origins:
Ge‘SK w Astrochemistry of forming Sun-like star
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USE THE CHEMICAL COMPOSITION AS A TOOL TO RECONSTRUCT
THE EARLY PHASES OF THE SOLAR SYSTEM FORMATION

(i) laboratory outputs
(ii) surface simulations,

(iii) quantum-mechanical

CHEMICAL COMPOSITION ’ ~ computations
- ‘”:‘J‘ | AH? (kd/mol) * | » | »

PRESTELLAR CORES, . EARTH, COMETS,
PROTOSTARS, DISKS... S ',‘r METEORITES, IDPs...
y
OBSERVATIONS +
THEORY + EXPERIMENTS

=> OBSERVE THE CHEMICAL PROXIES LINKED TO THE SOLAR
SYSTEM PRIMITIVE OBJECTS TOWARDS PRESTELLAR CORES,
PROTOSTARS AND PROTOPLANETARY DISKS
=> AND INTERPRET THEM VIA ASTROCHEMICAL MODELS




THE ACO SCIENTIFIC PROJECT WILL BE CARRIED OUT
BY 17 EARLY STAGE RESEARCHERS (ESRS)

wp1 &= oy WP 4 e
Objective 1: Improve the Objective 4: Develop
detection capabilities astrochemical models &
tools, and PSN model
ESRs 1-2

ESRs 14-17

e ———

WP2 WP3 .
Objective 2: Setup a large Objective 3: Understand
database of observations the chemical processes

ESRs 3-7 ESRs 8-13

> 3 NETWORK SCHOOLS

> IMMERSIVE VIRTUAL REALITY SCHOOL
> 2 CONFERENCES

> standard courses ot host universities
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s , Codella et al. (2017)

The smoking gun
of gas-phase at work
(at least in L1157-B1)

Barone et al. (2015)
Vazart et al. (2016)
Skouteris et al. (2017)

NH,CHO vs. CH3CHO

NH, + H,CO —> NH,CHO + H

0 —10
. Offset (arcsec)




STAY
TUNED!

first papers
Bianchit 2020
De Simonet 2020
Okodat 2021
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ACO: ALMA and beyond:
Hot-corinos at cm-wavelengths

Continuum u

Lépez-Sepulcre+ 2017;

iCOMs abundances at
mm-wavelengths can be
underestimated




ACO: ALMA and beyond:
Hot-corinos at cm-wavelengths

Continuum u

Lépez-Sepulcre+ 2017;

iCOMs abundances at
mm-wavelengths can be
underestimated Food for SKA

B T T T T
De Simone+ 2020




ACO: ALMA and beyond:
Hot-corinos at cm-wavelengths

Food for SKA
(WG Cradle of Life)
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ACO for Ariel

Astro-Chemical Origins

WP Planet Formation
(Turrini+ 2021b - Ariel)

04302+2247 . . .
iICOMs in protoplanetary disks:

- To estimate their snowlines;
-  To estimate the fraction of C, O, and N

trapped in organic molecules
- S/H ratio:
Class | SVS13A: 10-2-101
(x10°)

JERC A N A Object S/H_
(x10~3)

Podio+ 2020ab DM Tau < 102
. GM Aur
Garufi+ 2020ab, GO Tau < 10-2

Codella+ 2020 HD 100546 *104
*10—3

Dec offset

o
W

22°53'20"

o o II\I Lll})
4"33M16%3 16%2 161 Turrini+ 2021b LkCa 15 <102

a (J2000) TW Hya *10~14

22°53'18"
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Astro-Chemical Origins

1° step - Visual Identity

2° step - http://www.aco-itn.org/ — here all
the scientific hub.

(outreach in English, French, Italian, Spanish,

Catalan, Chinese... next step: Portuguese,
German, and Arabic)

3° step — courses about commuication for
ESRs (INAF + APRE)

4° step - social FB and the Chinese Weibo

5° step — Torino ACO DOC conference

6° step - Virtual Reality school and Project
Next July in Padova

B Aco poc conference

c @ sites.google.com/inaf.it/aco-conference/hor
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Full PhDs engagement



http://www.aco-itn.org/
https://sites.google.com/inaf.it/aco-conference/home-page?authuser=0







ACO is just the start !
Plans for next 10 years and beyond

Outer Solar
System 0bjects

Planetary composition:
inheritance ?

(0SSO0s) ___(Bianchi+ 2020)

OSSOs: the most pristine material in
the Solar System

Rosetta: The Italian community
(INAF-IAPS in particular), provided a
leading effort in VIS-IR reflectance
spectroscopy experiments (VIRTIS-
ROSEtta, PI: F. Capaccioni) 3 " mnxixcHon

67P X[1/X[CH30H]

Ices and organics
compositional gradients in
the outer solar system

Distribution of ices and
organics in the Solar System:
nature or nurture?

Protostellar disk
Ices and organics

compositional gradients in
the protoplanetary disk




ACO is just the start !
Plans for the next 10 years and beyond
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Bockelée-Morvan et al.
(2019 WB, 2021)

I | | Enceladus plumes
~ J | ALMA synergy
| on-going project




ACO is just the start !
Plans for the next 10 years and beyond

Bridging exoplanet compositions and chemistry of protoplanetary disks

Exoplanet atmosphere . Protoplanetary disk

Refractory elements ” Rocky component
and molecules (Fe, TiO) ! of protoplanetary disk

Volatile elements ” lcy and gaseous component
and molecules (H20, CO) of protoplanetary disk




ACO is just the start !
Plans for the next 10 years and beyond

(i) laboratory outputs, (ii) surface simulations,

(iii) quantum-mechanical computations

VIPS ALMA large
program on disks

GBT to characterise
the C-chains in the
protostellar envelope

Chemical census of
protoplanetary disks with
VLA

ALMA characterisations of
Enceladus and Europa

plumes SKA, AMBITION




in astrochemistry.
A tight competiton with several outstanding groups:

CfA-Harvard-USA, CSIC-Madrid, NRAO-USA,
University of Copenhagen

- performing computers for data calibration,
- mantaining high-level laboratories,
- laboratory-observation shared PhDs,
- hiring young experts in astrochemistry,




