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The stellar life cycle

Credit: NASA/Chandra
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The questions

AGB stars, Minit< 8 M⊙ (future of the Sun)
What happens to surviving planets?
How are planetary nebulæ shaped?
What is the chemical pathway to dust formation?

RSG stars, Minit> 8 M⊙ (SN II progenitors)
How is the mass loss of RSG triggered? (no large pulsations, no flares)
How is the light curve of supernovæ modified by the circumstellar material?
What is the final mass of a star? (case limit between black holes and neutron stars?)
What is the chemical pathway to dust formation?
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What to observe, with what ?
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Betelgeuse (α Ori) : the prototypical red supergiant

Parameter Value
Spectral type M1-M2Ia-Iab

Distance 222+48
−34 pc

Radius 897 ± 211 R⊙

Mass 21 ± 2 M⊙

Teff 3690 ± 54 K
Luminosity 12.7 ± 6.0 ×104 L⊙

log g −0.39 ± 0.22

No known companion !

Credit: ESO

Core-He burning RSG (Dolan et al. 2018)
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Betelgeuse: the origin of stellar interfeometry (at Mount Wilson !)
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The Great Dimming of Betelgeuse
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Credit: AAVSO
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The Great Dimming of Betelgeuse

VLT/VISIR @ 10 µm, FoV ∼ 5”
ESO/P. Kervella/M. Montargès et al.,

Acknowledgement: E. Pantin
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The Great Dimming of Betelgeuse

The Great Dimming of Betelgeuse
VLT/SPHERE @ 0.65 µm, FoV ∼ 0.1”

Montargès et al. 2021, Nature
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The Great Dimming of Betelgeuse
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AAVSO - V band
VLT/SPHERE obs.

Credit: AAVSO
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The occultation of Leona on December 12th 2023
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The occultation of Leona on December 12th 2023

Credits: Lucky Stars
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The concept
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Collaboration with B. Sicardy (LESIA), J. Desmars (IMCCE), F. Baron (GSU, Atlanta), and A.
Berdeu (LESIA)
Coordination of a 100+ observers (various chords)
Unusual protocol for occultations (use of filters, 10-100 fps, ...)
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The observations

J. Desmars reharsing the setup 24h before
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The observations

20min before the event
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The observations

The event: G. Le Gentil syndrom
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I went to Naboo to (not) observe an occultation of Betelgeuse !

Star Wars Episode II

Sevilla, December 11th 2023
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About 100 light curves

Montargès et al. in prep.
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Reconstruction: preliminary test with simulations

Courtesy: Anthony Berdeu
Montargès et al. in prep.

Deconvolution of the light curves
→ Retrieving the stellar surface
→ Retrieving the shape of the asteroid

Current problems
Inconsistent light curves :

Position errors ?
Timing errors ?
Lack of absolute flux calibration
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Betelgeuse with ELT/MICADO

13th Feb. 2024 - M. Montargès
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Betelgeuse with ELT/MICADO

Credits: M. Montargès
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Soon, Betelgeuse at CHARA ?
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Soon, Betelgeuse at CHARA ?

Credits: M. Montargès
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RSG_ELT_CHARA.mp4
RSG_ELT_CHARA.mp4


The ATOMIUM project
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The ATOMIUM project

2 PIs + 40 CoIs
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Angular resolution vs wavelength
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ALMA: signature of undetected companions everywhere

CO J = 2 − 1 transition
Decin, Montargès et al. 2020, Science
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ATOMIUM: multiple results

Companions shaping the wind Decin, Montargès et al. 2020, Science
Overview of the program Gottlieb et al. 2022, A&A
The circumstellar environment of π1 Gru Homan, Montargès et al. 2020, A&A
The circumstellar environment of R Hya Homan et al. 2021, A&A
Halide molecules around W Aql Danilovich et al. 2021, A&A
VLT/SPHERE point of view Montargès et al. 2023, A&A
Chemical inventory Wallström et al. 2024, A&A
Interaction between the wind of W Aql and its companion Danilovich et al. 2024, Nat. Ast.
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The S-type star π1 Gru

S-type star
d = 162 ± 12 pc
θ = 18.37 ± 0.18 mas

T = 2300 K
Ṁ = 7.7 × 10−7 M⊙ yr−1

π1 Gru B: G0V at 2.8 arcsec (> 450 au)
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The ATOMIUM view of π1 Gru

Linear polarisation in the visible Intensity in the visible

ALMA 1mm continuum
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The nature of the new companion π1 Gru C
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1 Gru A - ATOMIUM
ATOMIUM companion
VLT/SPHERE upper limit

From photometry/imaging across the spectrum,
Gaia proper motion :

Main sequence G6.5V star
White dwarf

If a white dwarf...
It is accreting :
→ Classical nova (P ∼ 600 to 2100 yrs)
→ SN type Ia progenitor at 162 pc ? (unlikely)

⇒ Another Montargès et al. in prep.

Potential CHARA program to unveil companions to evolved stars ?
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Conclusion / summary

Red supergiants (Minit ≥ 8 M⊙)
Betelgeuse, Betelgeuse, Betelgeuse... ⇒ The 7th telescope will allow unprecedented imaging of its
surface
Other RSGs: Antares, µ Cep, VY CMa, CE Tau, ...

AGBs (Minit ≤ 8 M⊙)
Unveiling close binaries and their interactions
Objects (planets, stars, WD) shaping planetary nebulæ

→ Fate of the solar system and numerous stars of the Galaxy
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