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How does a solar-mass star form?
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How does a solar-mass star form?
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The protostellar stage: A rich chemistry

Two opposite cases In the protostars chemical diversity spectrum

Hot corinos WCCC® sources
Ceccarelll 2004, Ceccarelli et al. 200/ Sakal et al. 2008, Sakai & Yamamoto 2013
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The protostellar stage: A rich chemistry

Two opposite cases In the protostars chemical diversity spectrum

Hot corinos WCCC® sources
al & Yamamoto 2013
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The protostellar stage: A rich chemistry

Two opposite cases In the protostars chemical diversity spectrum

Hot corinos WCCC™ sources
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Why is there a chemical diversity?
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The protostellar stage: A rich chemistry

Two opposite cases In the protostars chemical diversity spectrum

Hot corinos WCCC™ sources

Ceccarelll 2004 L - - I ai & Yamamoto 2013
Why is there a chemical diversity?
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What causes this chemical differentiation?

Hypothesis n°1: Difference of timescale of the pre-stellar core phase Sakai et al. 2008a, 2009a
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What causes this chemical differentiation?

Hypothesis n°1: Difference of timescale of the pre-stellar core phase Sakai et al. 2008a, 2009a
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Interpretation challenged by Aikawa et al. (2020): hot corinos and
hybrid sources can be reproduced but not pure WCCC sources




What causes this chemical differentiation?

Hypothesis n°2: Role of environmental factors (density, temperature, UV or CR irradiation)

during the pre-stellar core phase e.g. Spezzano et al. 2016, 2020, Higuchi et al. 2018, Aikawa et al. 2020,
Lattanzi et al. 2020, Kalvans 2021
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What causes this chemical differentiation?

Hypothesis n°2: Role of environmental factors (density, temperature, UV or CR irradiation)

during the pre-stellar core phase e.g. Spezzano et al. 2016, 2020, Higuchi et al. 2018, Aikawa et al. 2020,
Lattanzi et al. 2020, Kalvans 2021

Uniform Non-uniform

] ; ; ) . . No illumination
illumination illumination

Protostar: Hot corino

Gas: mostly C Gas: mostly CO
atoms Gas: C and CO atoms atomsy

Ice: CH4-rich Ice: mixed composition lce: CHsOH-rich

Adapted from Spezzano et al. 2016

E.g. lower density, lower temperature and higher irradiation favour WCCC sources
e.g. Aikkawa et al. 2020, Kalvans 2021




Does the environment affects the chemical
nature of solar-mass protostars?
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e at small scales to avoid external contamination Bouvier et
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ORANGES and PEACHES

ORion ALMA New CEneration Survey
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Are ORANGES different from PEACHES?
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Are ORANGES different from PEACHES?
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Are ORANGES different from PEACHES?
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Are ORANGES different from PEACHES?
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Are OHANGES different from PEACHES?

Bouvier et al. 2022




Are different from PEACHES?
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different from PEACHES?

CH3OH transitions

Molecule Frequency Transition Eyp
(MHz) (K)
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CHY*OH 231758 S05—404 A
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Are different from PEACHES?

CH3sOH transitions Methanol moment 0 maps direction
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CH3sOH transitions Methanol moment 0 maps direction

Molecule Frequency Transition Eup CS033—-b
MH K
( Z) ( ) CHJOH, 51_41 A

CH;OH 218440 4 53-3_1,E 45.5
232418 10,58—937 A 165.4
232945 10_3,—11 59 E 190.4
234683 4>3—514 A 60.9
234698 542—633 E 122.7
243915 Sia—4s A 49.7
261805 21.1—101 E 28.0

CHY*OH 231758 S05—404 A

Non-LTE
Large Velocity Gradient (LVG)
analysis
Code developed by Ceccarelli et al. 2003

Emitting region of CHsOH

> NH2 > 3.106 cm-S
» Tkin>80 K

» §~0.1-0.6" —>40-236 au
(diameter)

5 new hot corinos detected in the OMGC-2/3 filament!
Bouvier et al. 2022

Region hot, dense and compact

5

Oct. 24th-28th 2022, ENS

Paris



Dec. (J2000)

-5°08'00"

ORANGES

ORion ALMA New CEneration Survey

-5°04'00" -5°02'00" -5°00'00" —4°58'00"

-5°06'00"

-5°14'00" -5°12'00" -5°10'00"

-5°16'00"

ATo HII region

w(sivBA-a

' I " (NGC 1977)

-1 OHot corino

Sample: 19 protostars
Hot corinos: 26 (23)% -

Scarce
Bouvier et al. 2022

X FIRli-a o “‘.ﬁ‘" ]

K FIR6c-a

g ¥ e

_75. - / o ¢ §

[ CS033-b

"To M43 : C

“ CS033-c“ CS0O33-a |

¥ - 0 ]

.‘x ".C.:. Lt - | .l g o o St .ol o
5"35™30% 20°0 10%

R.A. (J2000)] To Ori Nebula &

Trapezium OB
cluster

and PEACHES

PErseus ALMA CHEmistry Survey

g § 2 5

11111

31°00|

333
30°48
C e o A
F 28™30°
a6 g
=~ [ 2 e
€ uf et (HL1435 *
. 5 il -
£ P SUSh RIS, ¢ o 2 ‘CN
£ P 4
E“y pp @ X
" .-
A b Eoy oy
38 2y
- "p
I RQe Vs T
36 P
.
3h26m30° 25m30 267307

.
Right Ascension (J2000)

Hatchell et al. 2005

Sample: 50 solar-mass protostars
Hot corinos: 56 (14) % - Abundant Yang et al. 2021




ORANGES and PEACHES
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Are 0HANGES different from PEACHES?
(Possible) CAVEATS

1. Sample size
Large statistical error in ORANGES due to small sample. We need to improve statistics to firmly

conclude.

2. Dust
Optically thick dust can hide hot corinos at mm wavelengths! De Simone et al. 2020
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Are 0HANGES different from PEACHES?
(Possible) CAVEATS

1. Sample size
Large statistical error in ORANGES due to small sample. We need to improve statistics to firmly

conclude.

2. Dust
Optically thick dust can hide hot corinos at mm wavelengths! De Simone et al. 2020
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1. Sample size

Are 0HANGES different from PEACHES?
(Possible) CAVEATS

Large statistical error in ORANGES due to small sample. We need to improve statistics to firmly

conclude.
2. Dust

Optically thick dust can hide hot corinos at mm wavelengths! De Simone et al. 2020
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Some sources with z,, > 1: Are there
other hot corinos hiding in the dust?

JVLA observations (P.I. M. Bouvier)
of CHsOH towards one of the

source with 7, > 1

at 25 GHz
Observations ongoing, stay tuned!




European Research Council
SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS a e ome messages

> 5 new hot corinos detected in the OMC-2/3 filament!
> Hot corinos are scarce (<30%) in Orion whilst they are abundant (~60%) in Perseus.
> To caveats:
> the poor sample or ORANGES. We need to increase statistics
> Due to the possible role of dust, we might have underestimated the number of
hot corinos.

may be different from and the environment
may be the culprit affecting the protostellar chemical nature.

°c | Mathilde Bouvier PCMi Oct. 24th-28th 2022, ENS Paris

European Research Council
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Collaborators: Serena Viti', and the MOPPEX team

What is the effect of the environment at much larger scales, in
nearby galaxies? How is the chemistry in external galaxies affected
by the various environments (i.e. AGN, starburst)?

NCIORIGISI MOPPEX: MOlecules as Probe of the Physics of EXternal
| galaxies (P.l.: S. Viti)

Goal: Establish a set of unique molecular tracers characterising various
regions in different nearby galaxies, the AGN-starburst composite NGC
1068 and the pure starburst NGC 253.

NGC 253

Credit: NASA,ESA, A. van der Hoeven

ALCHEMI (ALMA Comprehensive High-resolution Extragalactic

Molecular Inventory) Large Program
(P.Is: S. Martin, N. Harada, J. Mangum)

‘Leiden University, Leiden Observatory, The Netherlands
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Collaborators: Serena Viti", and the MOPPEX team

What is the effect of the environment at much larger scales, in
nearby galaxies? How is the chemistry in external galaxies affected
by the various environments (i.e. AGN, starburst)?

NCIORIGISI MOPPEX: MOlecules as Probe of the Physics of EXternal
galaxies (P.I.: S. Viti)

Goal: Establish a set of unique molecular tracers characterising various
regions in different nearby galaxies, the AGN-starburst composite NGC
1068 and the pure starburst NGC 253.

NGC 253

—25°17'00"

Credit: NASA,ESA, A. van der Hoeven

ALCHEMI (ALMA Comprehensive High-resolution Extragalactic

Molecular Inventory) Large Program
(P.Is: S. Martin, N. Harada, J. Mangum)

—=25°17"10" |-

—25°17'20"

Current projet: H>S and S-bearing species in NGC 253,
what do they trace?

—25°17'30" |-,

‘Leiden University, Leiden Observatory, The Netherlands



Extra-galactic astrochemistry: A new era
Collaborators: Serena Viti’, and the MOPPEX team

What is the effect of the environment at much larger scales, in
nearby galaxies? How is the chemistry in external galaxies affected
by the various environments (i.e. AGN, starburst)?

NCIORIGISI MOPPEX: MOlecules as Probe of the Physics of EXternal
' galaxies (P.I.: S. Viti)

Goal: Establish a set of unique molecular tracers characterising various
regions in different nearby galaxies, the AGN-starburst composite NGC
1068 and the pure starburst NGC 253.

NGC 253
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Credit: NASA,ESA, A. van der Hoeven

ALCHEMI (ALMA Comprehensive High-resolution Extragalactic

Molecular Inventory) Large Program
(P.Is: S. Martin, N. Harada, J. Mangum)
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Current projet: H>S and S-bearing species in NGC 253,
what do they trace?
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Stay tuned!

‘Leiden University, Leiden Observatory, The Netherlands




Thanks for your attention!

ERC MOPPEX: https://moppex.github.io/



