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© Marta De Simone ~10+ Planet formation starts early in the disk?
Cridland et al. 2022
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The protostellar chemical content can be linked to what forming planets can inherit
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Class 0/1 (~10%5 yr)

Icy mantle formation

Gas-grain sputtering
- 9 o
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Grain-grain shattering

"Astrochemical Laboratories

Hot corino

Ice mantle sublimation

Molecular Retail Shops

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

Ceccarelli 2004,
Ceccarelli et al. 2007
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Icy mantle formation

Protostars are far to
be fully chemically
characterised

(e.9. Andre et al. 2000, Caselli & Ceccarelli 2012, Oberg & Bergin 2021)
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Class 0/1 (~10%5 yr)
= Hot corino

Gas-grain sputtermg
¢ tf

Grain-grain shattering

"Astrochemical Laboratories

Ice mantle sublimation

Molecular Retail Shops
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Wy’

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

Ceccarelli 2004,
Ceccarelli et al. 2007

*1ICOMs: Saturated C-bearing molecules with more than six atoms and containing heteroatoms
(Herbst & Van Dishoeck 2009, Ceccarelli et al. 2017)
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At present 25 iCOMs-rich hot corinos

(~40 with methanol only) are known

(e.g., De Simone et al. 2017, Belloche et al. 2020, Bouvier et al.
2021, Chahine et al. 2021, Yang et al. 2021, ...)
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< Not every protostar possesses a hot corino region

% Protostellar systems show different mm molecular spectra

Codella et al. 2021 ZE@
Elias29 @
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BHBO7.11 Vastel et al. 202

CB68 [mai et al. 2021
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IRAS15398 (Okoda et al. 2021
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< Not every protostar possesses a hot corino region

% Protostellar systems show different mm molecular spectra

Codella et al. 2021
At present 25 iCOMs-rich hot corinos e e P %&

Elias29

(~40 with methanol only) are known - \

(e.g., De Simone et al. 2017, Belloche et al. 2020, Bouvier et al.

2021, Chahine et al. 2021, Yang et al. 2021, ...) L1551 x 0.2 Bianchi et al. ZEZO I
L483 x 0.2 I
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- Why so different? o Vastoletal, 202 |

Several possibilities:

{ Why so few Hot Corinos?

CB68 [mai et al. 2021

WW

IRAS15398 (Okoda et al. 2021

« presence of small scale structures sbiamarsaiivotsailbelirniivi k

» « Observational biases

(See also Aikawa et al. 2020, Nazari et al. 2022, Van Gelder 2022)
VLA1623 Codella et al. 2022
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< Not every protostar possesses a hot corino region

% Protostellar systems show different mm molecular spectra

Codella et al. 2021
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(e.g., De Simone et al. 2017, Belloche et al. 2020, Bouvier et al.
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Several possibilities:

{ Why so few Hot Corinos?
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» «| Observational biases

(See also Aikawa et al. 2020, Nazari et al. 2022, Van Gelder 2022)
VLA1623 Codella et al. 2022
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Dust optically thick No dust contribution dust opacity effects on iCOMs emission
| through mm + cm observations of CH;0OH

Moving from millimetre to centimetre wavelengths
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;‘: Dust optically thick No dust contribution dust opacity effects on iCOMs emission
! through mm + cm observations of CH;0H

Moving from millimetre to centimetre wavelengths

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

IRAS4A at mm
Hot Corino in one of the two companion
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dust opacity effects on iCOMs emission
through mm + cm observations of CH;OH

iCOM abundances at millimeter
wavelengths are underestimated

Moving from millimetre to centimetre wavelengths

- De Simone et al. 2020

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

1.2 mm - continuum CH.OCH

200 au

. IRAS4A atmm . The dust is hiding the
Hot Corino in one of the two companion IRAS 4A1 hot corino
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< Not every protostar possesses a hot corino region

% Protostellar systems show different mm molecular spectra

Codella et al. 2021
At present 25 iCOMs-rich hot corinos e e P %&
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(~40 with methanol only) are known
(e.g., De Simone et al. 2017, Belloche et al. 2020, Bouvier et al.
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(See also Aikawa et al. 2020, Nazari et al. 2022, Van Gelder 2022)
VLA1623 Codella et al. 2022
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Direct observations of the ice mantle composition for these
embedded objects is challenging!
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co, %09 | ‘3 NH,

Boogert et al. 2015, McClure et al. 2023

Ice mantle evaporation

Ice mantle formation o
--> release species in gas
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Retrieve the
ice mantle
composition
indirectly!
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NH; and CH3OH best critical tracers of the ice mantle composition >
Well known formation paths ~ The NH3/CH30H depends on the |
(Watanabe & Kouchi 2002; Rimola et al. 2014; — " Cloud temperature and density, and
Le Gal et al. 2014; Song & Kistner 2017; Jonusas et al. . ] .
2020, Tinacci et al. 2022, Ferrero et al. 2023) the ice mantle formation timescale

Taquet et al. 2012a, Aikawa et al. 2020

Abundance Ceccarelli et al. 2018
8K

e.g, an old grain mantle would likely be
1 enriched in CH3;OH b

10° 10°

Time [yr]
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De Simone et al. 2022, ApJL N ' il
0.04 J0.015 < s Abundance ratio ]
0sE 8 0 { < CH;OH (non-LTE LVG):
g3 g 0-01 : IRAS 4A1 IRAS4A2  IRAS4B
g2 ' L <05  0.015-0.5 0.003-0.3
0.:.02 § %_4 § - i —
= 8
o-6

4 2 0 6 4 2 0
RA offset (asec) R.A. offset (asec)

The three protostars have the same chemical history:
They were formed from pre-collapse material with similar physical conditions
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De Simone et al. 2022, Ap]JL
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Astrochemical model (gas+grain)
GRlAI|N(‘)BLE ( Taquetl et fll. 201.2’ 2‘0133, Cleccarel'li etal. 2018)
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NH; Abundance ratio ]
CH3OH (non-LTE LVG):
IRAS 4A1 IRAS4A2  IRAS 4B
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E ok ] Premature
< f| 4B : collapse!
1073 V4A] p— time=31'oe+05yr S
10 15 20 25
Temperature [K]
e | J6 arta De S

- Pre-Collapse conditions ‘

e——

T>17K

Too warm for a prestellar core at 60 au!

Typical of the less dense
<= material in NGC 1333 south &
Zari et al. 2016; Zhang et al. 2022
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External Triggers?

Could have been the
expanding bubbles that
shaped NGC 1333?
(Dhabal et al. 2019;
De Simone et al. 2022)

Warm ~ 17 K Cold ~ 8K Hot ~100 K
Less dense ~104 cm-3 Dense ~106 cm-3 More dense ~107 cm?-3 T

Proposed scenario: N

ﬁl @ : | A prem.ature collapse has
2 been triggered where no

prestellar core existed

IRAS 4A1, 4A2, 4B did not experience the usual prestellar core phase
De Simo_ne et al. 2022
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b Red-shifted zone:

r%
' moving away from us

Interpretation by Dhabal et al. 2019:

*
NGC 1333

main cloud

-----------------
- .
.,

Collision zone
having shock
fronts

Turbulent cell

' Blue-shifted zone:

. ' ' ' a a &
IKAS 7 region \,#
» Dhabal et al. 2019 |
17" < 1
.- SVS 13 .
C% region
16' b o U
=)
S
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— °
o IRAS 4 =
_ region -
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i R g
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13'
| A |
" . .70
o | sK1 N2H ‘
SE filament region km/s 65
3"‘29L'"2‘0". Al:i"‘ . AIIZ"‘ - .0‘8" 0:1"'. ‘ 2.8":56." . .512"‘ A A418>A ‘ A4:15.
RA (j2000)
Are there any signatures of this interaction?
\
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Dhabal et al. 2019 NGC 1333 = —— =
— — < P NGC1335—IRAS 4A
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Constrain iCOMs formation routes? N 40 20
. N
(gas phase vs grain surface) N R.A. offset (arcsec)
? First imaging of iCOMs in the IRAS 4A Outi

Evidence of Chemical Differentiation along IRAS 4A outflows

De Simone et al. 2020b A& A
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) ] A110 )
acetaldehyde formed in gas phase?
Charnley 2004, Vazart et al. 2020
Astrochemical Model (gas-phase)
GRAINOBLE+ (Taguet et al. 2012, Witzel et al. in prep)
;&\\ — N = 2 X 106cm_3, C = 3 x 1071641
% . ng_ _ ng = 2 X 10%m=3, ¢ = 3 x 10~164-1
= 10%¢ eSSl ee ng =2 % 10%m-s, ¢ =3 x 1071
e
S .l e e
k, 101 SW & N
U -
107°
CHsOH
=2} 10-71 e
> e CH;CHO
- 10° 102 10°

- NGC1333—IRAS 4A

| ) ./i ”

AR DAL\ AU L S -~

| INOEMA ) { 50

| i : CH+CHO -
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Time [yr]

(i) Acetaldehyde gas phase product,

(ii) 4A1 Outflow younger or less dense than the 4A2 one De Simone et al. 2()2()1; ASA
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l 9.0 %
1 8.5
1 8.0
1 7.5 K ]
Bubble coming

L from the front

N,H* [ 70
Kms? 6.5 o region

NGC 1333 could have been shaped
by two clashing expanding bubbles.

e Could this clash have
- ~ Bubble coming . .
Fingers SiO
(NOEMA) TR triggered the formation of the

protostars on the filament?

De Simone et al. 2022 MNRAS
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¢ What is the origin and nature of hot corinos?

- Dust can absorb hot corino emission at mm wavelength.
- The NH3/CH30H ratio can be used to constrain the
pre-collapse clump conditions

—> multi wavelength approach

pave the way for future SKA & ngVLA

¢ What is the impact of external events on
star forming regions?

Bubble coming
from the front

Arcsec observations of shock tracers as CH30OH and SiO
can help to reconstruct the dynamical history of NGC 1333

_ 1', . A | ”:_-‘,_ Bubbl; cc
‘. " : "\ # from be
~ o o 2 Hg‘i twu—\mé 4A
¢ How interstellar Complex Organic Eliaasiicanis
Molecules are synthesized?
Outflows are powerful astrochemical laboratories 1
when the iCOMs spatial distribution is resolved! EIES e

erc ‘.’ ()@ @




Hot corinos: the early orgamc molecular P K
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Finger1 is younger than Finger2 by at least 5000 yr
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