Induced star formation

towards the Hil region RCW120
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Massive stars and feedback (M > 8M,)

- Rare (~20 high-mass per 1000 of low-mass stars)
- Short life (a few 1087 yrs)

Importance Feedback
® Reionization of the universe e Stellar winds
e Star Formation Rate # Radiation pressure
e Chemical enrichment, ® Photoionization
metallicity e Supernova

High mass stars feedback strongly modifiy their environment
and affect the star formation [Krumholz et al., 2014]

The impact on star formation is still an open question
(weight, SFR, SFE — support/disrupt star formation?)

Miguel Figueira Sebastiao Induced star-formation towards the Hll region RCW120



Introduction The RCW 120 H 1 region
oe 0o

Results

0000
Massive star and Hi region

Conclusions
o]
[Deharveng et al., 2010]
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[Deharveng et al., 2010]

Collect & Collapse (small fragments)
[Elmegreen and Lada, 1977]

‘adiation-driven implosion

[Kessel-Deynet and Burkert, 2003]

4

Collect & Collapse (large fragments)
[Elmegreen and Lada, 1977]

Turbulent medium
[Tremblin et al., 2012]
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Observations of feedback effect
[Deharveng et al., 2010]
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The Galactic HIl region RCW 120

Properties of RCW 120

Dper = 1.34 kpc
Single 08.5V ionizing star

Massive source at the edge
(~ 200 — 300 My)

Champagne flow
(northern part)

Closeby
(~ perfectly) spherical
_38.60° — Ideal case

Deharveng et al.+09, Zavagno et al.+07,+10, Anderson et al.+12, Figueira et al.+17, Marsh & Whitworth+19 (Submillimeter)
Figueira et al.+18 (ALMA), Zavagno et al.+22 (ArTeMIS), Anderson et al.+14, Figueira et al.+20 (CO)

Kabanovic et al.+21, Luisi et al.+21 (SOFIA)

Kirsanova et al.+14,+19, Torii et al.+15, Walch et al.+15, Mackey et al.+16 (Simulations)

Chen et al.+22 (Magnetic field)
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Atacama Pathfinder EXperiment (APEX) observations

APEX observations

- Date: October 7,9,11 2016

June 21, September 24 and 25 2017

- Lines: '2C0O(3 -2), 13CO(3 -2), C'80(3 - 2)
- Front-end: SHeF| (front-end)

Region B
(Clump 4)

- Back-end: XFFTS

-PWV:0.9 <PWV <16

- OFF: one OFF per 3 ON (position-switching)
- Size: 11x11 pixels (~ 105" x 105")

- Time: ~ 13 hours

Region A
(C1

- Opeam=18.2" and qyp= 0.73

Different star formation mechanisms
Region A — Massive young YSOs closer to the ionizing star

Region B — Low-mass evolved YSOs further from the ionizing star
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Spatial and velocity distributions
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- Good correlation gas and dust,
where star formation is observed

- Mean velocity: No velocity
difference observed / expansion
stopped or very slow

- Velocity dispersion: Dynamics
is higher towards the center,
where stars are forming
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Physical properties of the clumps A and B
Radiative transfer equation:

h(s)=(B,—l)(1-¢e7") (1)

We use the radiative transfer equation to estimate the excitation
temperature (T¢x), the optical depth (7) and the column density (N)

T;)? T;f 7.1L':l;E T1L'£E N(1SCo)LTE N(c1SO)LTE

K (K (cm™2) (cm=)
RegionA | 228 248 | 0.7 03 2.2x10™® 6.5x10™
RegionB | 20.7 199 [ 0.7 0.2 1.3x10'® 2.1x10™

- Tex higher towards Region A (closer to ionizing source-star-formation
inside)

- 13C0O and C'80 are optically thin (~ moderately for '*CO)
- N(3C0) and N('3CO) comparable to other star-forming regions
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The Collect and Collapse process

Comparison between the age of the H1 region (f4,) and the
fragmentation time (tag

Did the fragmentation occur (tfrag.< tqyn) 20 NOt (tfrag > tayn)?

ngp (cm 3)

7101070 1420 1780 2140 2490 2850 Density of RCW 120:
Age=2.13x 107 M+0.4 ~110 3x10% cm™3

tayn = 0.96 + 25 Myr

C&C process is still viable

This does not mean that
C&C is the major
star-forming mechanism
around RCW 120
(open question)

1000 1500 2000 2500 3000 3500 1000
Mass of RCW120 (M)
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The Radiation Driven Implosion model

- lonized Boundary Cloud — but
- PDR through PAHs —
- T2 > TI8—— Nes (22 /19 K)

- Multiple gas components — but
- Cluster of intermediate mass star —
- Distorsion —

-0Old YSOs —

Dec
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Region B is a good

candidate for RDI

mechanism
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Conclusions
- Analysis of 2CO(3 — 2), *CO(3 - 2), C'80(3 — 2) towards two
sub-regions of RCW120

- Increase of T,y towards the center of the regions, where stars are
forming and a similar increase of velocity dispersion is observed, higher
towards Region A where a massive star is forming

- The Collect & Collapse mechanism is a possible mechanism, that would
explain the formation of massive cores at the edge of the region

- Region B is a possible candidate for the radiation driven implosion
mechanism

Thank you
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