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Stellar evolution cycle

Credits: NASA/Chandra
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Mass loss of red supergiant stars
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st35gm04b0n002_I3brm_1.mp4
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The unknown

@ How to start dust condensation (location, ambient conditions, first dust species, dust
precursors) ?

— How to launch material from the photosphere ?
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Context
[e]e] J

The unknown

@ How to start dust condensation (location, ambient conditions, first dust species, dust
precursors) ?
— How to launch material from the photosphere ?
Convection timescale ?
Convective cell sizes ?
Turbulent velocity in the convective cells ?
Convection at the origin of the magnetic field ?
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RSGs as seen from Ea

el Montargés

Methods to resolve the photosphere of RSG AO photosphere
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Credits: M. Montargés
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Betelgeuse with high angular resolution

January 2019 December 2019

L 4 .

January 2020 March 2020

VLT/VISIR at 10um - FoV : 5.63" VLT/SPHERE at 645nm - FoV : 0.100"

Credits: ESO/P. Kervella/M. Montargés et al., Ackn.: E. Pantin (Montargés et al. 2021, Nature)
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The occultation of December 12t
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The occultation path
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Last news on: https://lesia.obspm. fr/lucky-star/occ.php?p=124370
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The occultation of December 12t
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Not an occultation, but an annular eclipse

3D RHD simulation of the photosphere of Betelgeuse
(Freytag/Chiavassa)

Angular diameter of Betelgeuse ~ 50-55 mas (visible)

Artist impression of the asteroid Steins
Estimated angular diameter of Leona ~ 45-50 mas
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The occultation of December 12t
(e]e]

0.00025 1o
= 0.00020
£ 0.00015 208
= 2
g 0.00010 206
a K
2 0.00005 £
2 204
8 £
9] 2
4 — A
021§
—c
0.00000 0.0 T T r r
20 0 =20 20 20 0 [ 2 4 6 8
Relative R.A. (mas) Relative R.A. (mas) Relative R.A. (mas) Time (s)

Credits: M. Montarges

ona ocultation 12t December 2023 914




The occultation of December 12t

Photometry

1.0

Short integration time (~ 10-50 ms) to get the ingress and the
egress

Time-box (accurate time) !
Several cords to probe several regions of the star
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The occultation of December 12t

Photometry

1.0

Short integration time (~ 10-50 ms) to get the ingress and the
egress
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Probing convection at wavelengths not accessible to
interferometers J
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The occultation of December 12t

Spectroscopy

@ Getting the evolution of the width and
4 position of metallic lines during the event:
15 @ Priority 0: 635+ 25 nm — V, Cr, Ti et Ha
@ Priority 1: 860 + 25 nm — Ca
@ R~ 40000 — StarEx HR (see with
Christian Buil for details)

velocity [km/s]

Kravchenko et al. 2019
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The occultation of December 12t

Spectroscopy

@ Getting the evolution of the width and
4 position of metallic lines during the event:
15 @ Priority 0: 635+ 25 nm — V, Cr, Ti et Ha
@ Priority 1: 860 + 25 nm — Ca
@ R~ 40000 — StarEx HR (see with
Christian Buil for details)

— Best solution : having the slit parallel to
the tracking direction, without tracking.

velocity [km/s]

Kravchenko et al. 2019
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The occultation of December 12t

Spectroscopy

@ Getting the evolution of the width and
2 position of metallic lines during the event:

15 @ Priority 0: 635+ 25 nm — V, Cr, Ti et Ha
@ Priority 1: 860 + 25 nm — Ca
@ R~ 40000 — StarEx HR (see with
Christian Buil for details)

velocity [km/s]

— Best solution : having the slit parallel to
the tracking direction, without tracking.

= WIill probe the phospheric convection
2l velocity field

Kravchenko et al. 2019
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The occultation of December 12t

Spectroscopy

@ Getting the evolution of the width and
2 position of metallic lines during the event:
15 @ Priority 0: 635+ 25 nm — V, Cr, Ti et Ha
@ Priority 1: 860 + 25 nm — Ca

iy
s 8 o R ~ 40000 — StarEx HR (see with
6 Christian Buil for details)
>
.."5
2 — Best solution : having the slit parallel to
s the tracking direction, without tracking.
v = Will probe the phospheric convection
2 velocity field
Kravchenko et al. 2019 Unprecedented measurement J
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The occultation of December 12t

We need the shape of Leona to analyze the data!

Other regular occultations predicted:
@ 30™ et 31" December 2023 (sorry)

Precise times and location to be checked.
No need for filters or spectroscopy here, just regular occultation observations.
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The occultation of December 12t

The occultation of September 131"

0.5m mobile telescope at Cortijo Veneroso 20 :
gr. unc

L I e o — gt unc
Beja (30.62 km)

—— Huescar (37.39 km)

— Jodar (38.25 km)

— UJA (48.87 km)

— Pozo Alcon (52.69 km)
Pixel_Skies (38.47 km)

—— Pegalajar (55.03 km)

01E Huelma (59.91 km)
Cerro Negro (59.52 km)
Negratin (59.49 km)

— Uraniborg (57.81 km)
Veneroso (58.85 km)

-20 = Coloraos_3 (57.36 km)
Albox (57.35 km)

— Camas(49.95 km)

— Galileo (38.47 km)

—— Calar Alto (19.76 km)

05 —

0.0
-40

Relative flux of the occultation star

Lol b |

20 0 =20 -40 -60

: coa do s b by by by Lay
0 228 2230 2232 2234 2236 2238 2240 2242 . . L.
Time since September 13th, 2023, at mid exposure (minutes) Fig. 4: Chords of the stellar occultation and an elliptical fit to

the extremities. The ingress uncertainties are shown with pink

; : 2 s 5 color and the egress uncertainties in clear brown. The values in

Fig. 3 Light curve derived from the observations carried out at parenthesis are the chords lengths. The scale is in km. The chords
Cortijo Veneroso. were built using the JPL#69 ephemeris.

Ortiz et al. 2023, arXiv 2309.12272
17 positive observations, send to arXiv on September 215!
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Conclusion
o

Conclusion

@ On December 12! : an annular eclipse, not an occultation

Ingress and egress most interesting: unique opportunity to study convection of RSGs
Shape of Leona needed from other regular events

Photometry:
e Short integration time (— earlier training on other stars between magnitude 0 and 10)

Spectroscopy:
e R~ 40000
@ Single shot with no tracking (R.A. || slit)
e Practicing mandatory

Registration/Coordination
http://betelgeuse.proam-gemini . fr/#EN
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