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The formation of a Sun-like star




The formation of a Sun-like star
The formation of a Solar System
The emergency of life




The formation of iCOMs
(interstellar Complex Organic Molecules)

iCOMs are formed on ices and then released and C-chains.....
info the gas phase?
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Or are daughter species, i.e. are formed in De Simone+ 2017
gas phase following the release of parent Codella+ 2017
species such as methanol?




PROTOSTELLAR SHOCKS !

Plus:
Sj-, §-, P-, Cl-
bearing
D/#, Ions, ...
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Why?
Because shocks sputter/shutter
dust grains




Two majin shock families:
Jjet-driven shocks and accretion shocks

Rapid heating (from ~10 K to a few 1000 K) and
compression of the gas > "Shock chemistry”

High-T chemistry: endothermic reactions
Ice sublimation & grain disruption

The gas acquires a chemical composition distinct
from that of the unperturbed medium

5000 AU
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520 Mc;c’

Gueth & Guilloteau (1992), Codella et al. (2009) e.g. Sakai et al. (2014ab; 2017)
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Tracing our chemical origins:
- Wy Astrochemistry of forming Sun-like star

In 10 years:

1 Premiale INAF
5 Large Programs
1 Astrofit

1 PRIN-MIUR

1 PRIN-INAF

1 EU-ITN

IRAM NOEMA

. Astro-Chemical Origins ¢




Gene*— SKA

9 ©

ek
7V

) e\eds Of Life mé@j?)(&, 200 210 220 230 240 250 280 270 280
SCUOLA

STEP 1: Observe the
NORMALE

— spectrum of the source.
DR_AMS Tool: telescope
= SUPERIORE

collaboration I T

SNS®@Pisa - SOLIS@Arcetri,
Bologna (Ciamician) and
Perugia Universities

STEP 3: Derive the physical
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EV-ITN ACO:
AstroChemical Origins

Marie Sktodowska-Curie
Innovative Training Networks

GOAL: to unveil the early history of the Solar System
by studying the chemical composition of young Solar analogs |

METHODOLOGY: synergy between observers, chemists &
laboratory experiments

. Astro-Chemical Origins &

C. Ceccarelli (Université Grenoble)
I\~ C. Codella (INAF-Arcetri, 1)

Objective 1: Improve the Objective 4: Develop

S. Viti (UCL, UK)
detection capabilities astrochemical models &

tools, and PSN model
ESRs 1-2

P. Ugliengo (UniTo, I)
A. Rimola (UBA, ES)
i il Ir v N. Balucani (UniPg, I)

L. Piccirillo (Manchester, UK)
m;ictive 2: Setup a large gb';:ctive 3: Un‘;erstand.? C 0 Va Ste I (TO u I u Se ) F R)
database of observations _: the chemical processes o

ESRs 3-7 i ESRs 8-13 P. Theulé (AM U, FR)

D. Ascenzi (UniTn, I)




NH,CHO is anticorrelated wrt CH;CHO

NH,CHO vs. H,CO NH,CHO vs. CH5CHO
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The smoking gun
of gas-phase at work
(at least in L1157-B1)

CH;CHO/NH,CHO
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SiS is anticorrelated wrt SiO

SiS 9-8
SiO 2—1 HV

NH,CHO vs. H,CO NH,CHO vs. CH5CHO

O

o

Dec. Offset (arcsec)

|
O

-10 0 10  20"39™12%0 107
Codella et al. (2017) R.A. Offset (arcsec,

. a

Rosi et al. (2018)

1. more Si (wrt SiO) released in the Blc .—. ‘ : 0--0
shock ?

S|H+S iy S|S+H |

2. in Blc shock-generated CRs destroys ;
SiO, releasing atomic Si, which then reacts S'H +SZ 295 S'S+ HS

with /0, or /5, 7

Rosi et al. (2019)
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Our goal: make chemists happy!
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Our goal: make chemists happy!
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NGC1333~IRAS 4A
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CH3;CHO in the gas phase:

See also Bianchi et al. (2019) y the role of CH3CH2 (-l- O)
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Astro-Chemical Origins f




The inner 50 AU of a Sun-like
protostar: #D0 & iCOMs




Ml 7he inner 50 AU of a Sun-like
protostar: #D0 & iCOMs




Ml 7he inner 50 AU of a Sun-like
protostar: #D0 & iCOMs




Ml 7he inner 50 AU of a Sun-like
\ protostar: #DO & JiCOMs

blue/red

Lee et al. (2017, 2019)
Codella et al. (2018,
2019b)




JCOMs associated with the disk

Emission related with the extended rotating disk

Gas launched by

the centrifugal barrier
?

(Sakai et al. 2017)

‘ Bianchi et al. (2017)
Codella et al. (2018, 2019b)
Lee et al. (2017, 2019)
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Astrochemistry provides key tools to observe the
fundamental processes (accretion, ejection) sculpting
the cradle of a star (and its planetary system)




The first ALMA LP on Astrochemistry

* 5 Kk

C. Ceccarelli (IPAG, Grenoble) S. Yamamoto (Tokyo University) C. Chandler (NRAO)
C. Codella (INAF-Arcetri) N. Sakai (RIKEN)

Is the chemical diversity at a 1000 au scale also present in the inner
envelope/disk system (50 au) ?

What molecules are passed from the envelope to the disk in which
planets, asteroids, and comets form

Infalling-Rotating
Envelope

100 AU -
— (1) Transition Zone
into Disks

Star Formation Planet Formation Infalllng-Rotating oras : et e Disk
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