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Star formation and molecular complexity

i 1- PRE-STELLAR PHASE: cold and dense gas
FORMATION OF SIMPLE MOLECULES
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2- PROTOSTELLAR PHASE: collapsing, warm dense gas
FORMATION OF COMPLEX MOLECULES
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3- PROTOPLANETARY DISK PHASE:

cold and warm dense gas
SIMPLE & COMPLEX MOLECULES

5- PLANET FORMATION AND THE “COMET/ASTEROID RAIN”
CONSERVATION AND DELIVERY OF OLD MOLECULES + LIFE

Caselli & Ceccarelli 2012

Protostellar phase: Rich molecular chemistry
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Chemical diversity among Solar-type protostars

iCOMs rich region (e.g. CH30H, CH30CH3;)

IRAS 16293-2422

hot corinos
(Ceccarelli, ..., Tielens,...2000)

Jorgensen et al. 2016

# of objects ~10

1" (120 AU)
||

See posters Bianchi, De Simone, Dehghanfar,
and Ospina-Zamudio cloud

Carbon chain rich region (e.g. CCH, C4H)

Warm Carbon Chain Chemistry

(WCCC) object
(Sakai et al. 2008)

Spitzer

# of objects < 5

CH, sublimation
T> 25K

cloud

iCOMs: interstellar Complex Organic Molecules
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The proto-Sun: An ancient hot corino ?

e What is at the origin of the observed protostellar chemical diversity ?

—> Need to study large samples of Solar-type protostars

\
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The proto-Sun: An ancient hot corino -

e What is at the origin of the observed protostellar chemical diversity ?

—> Need to study large samples of Solar-type protostars

e Where do Solar-type protostars form ?
e Low-mass (< 8Mg) star forming region —> known majority of hot corinos and WCCC objects

e High- + low- mass star forming regions —> ??7?

:
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The proto-Sun: An ancient hot corino ?

e What is at the origin of the observed protostellar chemical diversity ?

—> Need to study large samples of Solar-type protostars

e Where do Solar-type protostars form ?

e Low-mass (< 8Mg) star forming region —> known majority of hot corinos and WCCC objects

e High- + low-mass star forming regions —> ??7?

e What is our Sun’s birth environment ?

:
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Solar Birth Environment

High- and low-mass star forming region with HII region

nearby
(Adams 2010, Pfaltzner et al. 2015) Closest analogue: OMC-2/3

Location @ 393 pc
(GroBsched| et al. 2018)

Pre-stellar cores

Protostars

http://simbad.u-strasbg.fr/

Can we find hot corinos and/or WCCC objects in OMC-2/3 ?
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Dec. (J2000)

-5°14'00" -5°12'00" -5°10'00" -5°08'00" -5°06'00" ~-5°04'00" -5°02'00" -5°00'00" ~-4°58'00"

-5°16'00"

. To Ori Nebula &

_Trapezium OB cluster
SN BT TEETEIOT . W N R

5"35™30% 20%
R.A. (J2000)

The OMC-2/3 filament: A pilot study

Targets: 9 Solar-mass protostars

/‘ Tracer of WCCC objects

[CCH]

Diagnostic tool:

[CH;OH] Tracer of hot corinos

w__“

(Graninger et al. 2016, Higuchi et al. 2018)

If ratio >>1 : WCCC candidate

If ratio << 1: hot corino candidate

O L1527 (WCCC)

@ IRAS 16293-2422 (hot corino)

o Adapted from Chini et al. 1997

and Nielbock et al. 2003
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Van Dishoeck et al. 1995
Higuchi et al. 2018
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/I\To HIl region'

T T T T T T T T T T T T T T T T T T T

SI;MBAa | (NGC1977)
S i The OMC-2/3 filament: A pilot study

Targets: 9 Solar-mass protostars

-4°58'00"

-5°00'00"

-5°02'00"

-5°04'00"

3 sets of observations:

_3 - IRAM 30m @ 1.3mm
g7 - NRO 45m @ 3mm
g - IRAM 30m @ 3mm (OTF map, blue box)

-5°10'00" -5°08'00"

-5°12'00"

[CCH]

Diagnostic tool: ——
agnost [CH,OH]

-5°14'00"

(Graninger et al. 2016, Higuchi et al. 2018)

§ — - To Ori Nebula & 0 y
® Trapezium OB cluster
o ® e e s )
5"35™30%0 20%0 10% Bouvier et al. in prep
R.A. (J2000)
5 —
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1

Region of emission of CCH and CH3OH | o>

Similar and narrow (< 2km/s) line widths

—> CCH and CH30H emitted from the same region

Results from non-LTE LVG analysis

T L T T T
CSO33
100 |

Projected distance from Trapezium (pc)

Gas Temperature:
CCH: 5-15K
CH30H: 14 - 70 K
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Abundance ratio constant
throughout the filament

Are we tracing the parental gas where the protostars are embedded ?
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. _'1\|T9 HII relgyion
5 (NGC 1977) | . ..
2 | ] OTF MAP : Evidence for extended emission
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HII region NGC 1977
B-type stars MAP [CCH]/[CH3OH]

Results from non-LTE LVG analysis

1. Abundance ratio does not vary
with position of the source

2. Gradient of abundance ratio
through the filament probably caused
by the illumination of the nearby HII
region

DEC offset (arcsec)

CCH/CHs0OH

*

80 60 40 20 0 -20 -40 -60 -80

R.A offset (arcsec)

Are we tracing the parental gas where the protostars are embedded ? YES
Bouvier et al. in prep
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N(CHLOH) [em 2]

Comparison with survey in Perseus (Higuchi et al. 2018)
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Low—mass protostars

@ NGC 1333
O L1527 (WCCC)
@ IRAS 168293-2422 (hot corino)

M OMC—2/3 saurces, this work

Refs: Higuchi et al. 2018,
Van Dishoeck et al. 1995

Adapted from Higuchi et al. 2018

%

*

Avignon Thursday, 5t September

Mathilde Bouvier

1 3 UNIVERSITE
¥ Grenoble

& Alpes




Comparison with survey in Perseus (Higuchi et al. 2018)

T T lllllll T T lllllll

al T L T
P : g Low—mass protostars

1'% s ’ @ NGC 1333
QL1527 (WCECC)
@ RAS 18293-2422 (hot corino)
M OMC—-2/3 saurces, this work
FDRs
© Horsehead PDR/core,
OMC—1 Ridge PDR.
Orion Bar PDR. ICE3,
MONRZ IR/MC peak

T Illlll
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N(CH,OH) [em 2]

Refs: Jansen et al. 1994, Van Dishoeck et al.
1995, Ungerechts et al. 97, Teyssier et al.
2004, Higuchi et al. 2018, Cuadrado et al.
2015/2017, Ginard et al. 2012, Guzman et al.
2014
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Adapted from Higuchi et al. 2018
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We are probably tracing the surrounding PDR !
[CCH]/[CH30H] not reliable to determine the chemical nature of Solar-type protostars
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Conclusions

* Need to choose other tracers for single-dish observations (PDR contamination)
e Impossible to find hot corinos and/or WCCC candidates with [CCH]/[CH30H] in OMC-2/3
* We need interferometry to hopefully determine the chemical nature of protostars

(Next step !)
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Back up slides
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HH212-MM1: A hot corino in Orion but isolated

http://simbad.u-strasbg.fr/
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Evidences that Sun born in stellar cluster
(Adams 2010, Pfaltzner et al. 2015)

Sun’s properties

- 170/180 anomalies -> explained by intense FUV radiation fluxes

- High metallicity / enrichment in short-lived radionuclides (SLRs) such as 60Fe and 26Al
-> origin at scale of molecular cloud and local massive star wind scale respectively
-> SN nearby?

- Abundance of 60Fe and 26Al -> large group of stars close to Sun

Constraint from Radiation field

- Early solar nebula: sharp edge @ ~30au -> fly-by <10 Myr or photo-evaporation of
disk ?

- Uranus and Neptune = ice giants -> photo-evaporation near 30 au require FUV flux of
Go ~10%

Constraint from dynamics

- Sedna has high eccentricity -> caused by close encounter ? Consistent with Sun
beeing born in moderate-size cluster

- Tilt of Sun’s rotation -> can be explained by star-disc interaction

Host cluster of Sun: M67 ? Same chemical composition with stars but orbits different.

Sﬁ,“ Avignon Thursday, 5th September Mathilde Bouvier 18 Eé”r';.i:‘,i;?é




Chemical diversity among Proto-stars: Explanation 1

Short prestellar phase
t~10° yr Protostellar
phase
sublimation
CHC‘*H o Warm Carbon Chain Chemistry
3
H,CO CH4 (WCCC)
Production of carbon chains
C deplet|on Hydrogenatmn
Long prestellar phase Protostellar
t~10° yr phase

sublimation _
hot corino

Production of iCOMs

CO depletion Hydrogenation

Adapted from
Sakai & Yamamoto 2013, Chem. Rev
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Chemical diversity among Proto-stars: Explanation 2
FUV photons

C
c » Warm Carbon Chain Chemistry
(WCCCQC)
C
o » hot corino

Adapted from Spezzano et al. 2016
Only for uniform illumination

:
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Gas density

n(He) (em™)
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