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Massive star evolution

Ekström et al. 2012

✔ Massive stars (> 8 M
o
) display short but 

impacting life  

✔ Different channels give rise to the various 
stellar types

✔ The mass-loss mechanisms vary throughout 
evolution; their physics are associated to the 
stellar parameters

✔ Post-RSG evolution remains a missing piece 
of the puzzle
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The RSG problem

Smartt 2009

Yoon & Cantiello 2010

or… how do RSGs with M > 17 M
o
 die ?

High mass-losses during RSG phase

pre/post-SN imaging
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Atmospheric instability

Nieuwenhuijzen et al. 1995

de Jager 1998

Mapping the effective acceleration 

✔ The “Yellow Void” (YV) is modeled as area of very low g
eff

 values

✔ It is situated within T
eff

~ 6000–10000 K with log(L/L
o
) > 5.5

✔ YHGs are believed to exhibit outbursts when approaching YV

Regions of atmospheric instability
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The post-RSGs: YHGs and the B[e]SGs

...is the evolutionary kinship between YHGs & B[e]SGs ?

Aret et al. 2017
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A census of post-RSGs classes in the Local Group
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The prototype ρ Cas

Lobel et al. 2003

Kraus et al. 2019

Maravelias & Kraus 2021

✔ Ejection of a 3x10-2 M
o 
shell

✔ Formation of TiO lines during the outburst
✔ Extended, velocity-stratified atmosphere

✔ Temperature decrease of 
~3000 K in 2013

✔ Asymmetric lines

✔ Circumstellar emission

✔ Evidence of gas remnant 
from RSG phase

✔ The star underwent its 
most dramatic recorded 
outburst in 1946

✔ Decreasing duration and 
increasing frequency of 
the events
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Other YHG variables

1973-2005; Nieuwenhuijzen et al. (2012)

HR8752

IRC+10420

UES/WHT spectrum, 1994 (Oudmaijer 1998)

✔ IRC+10420: Change in spectral type from F8 to A2, 
blueshifted emission, and high extinction

✔ HR8752: The dispersion of past ejected shells in 
1973 revealed the compact hot photosphere



School on Stellar Winds and Outflows

Beyond the Galaxy: Var A

Humphreys et al. 2006

✔ Change in the spectral 
type from F to M

✔ Variability with timescale 
of  > 50 years

✔ Heavy dust obscuration
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Searching for YHGs

Kourniotis et al. 2017

Exploring the surroundings of YHG candidates
✔ Broad Hα wings

✔ CaII emission

✔ Dimming event

✔ Drop by ΔTT
eff 

 > 500 Κ
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Nebulosity and shells of YHGs: Hen 3-1379

Hutsemékers et al. 2013

 The Fried Egg nebula

Koumpia et al. 2020

Koumpia et al. 2020
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Nebulosity and shells of YHGs: IRC+10420

0

Castro-Carrizo et al. 2007

Davies et al. 2007

Map of the 
Ha EW 
overlayed 
with a 
contour 
map of the 
B-band HST 
image

Oudmaijer & de Wit 2013

Tiffany et al. 2010

Geometry 
model based 
on AMBER 
observations 

Maps of the 12CO J = 1−0 emission from IRAM

HST/WFPC2 
imaging
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Ejecta in the K-band

Oksala et al. 2013

Kraus et al. 2022

First detection of water vapor around HD269953

Processed material around YHGs

Kraus et al. 2023
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School on Stellar Winds and Outflows

Ejecta in the K-band

Oksala et al. 2013

Kraus et al. 2022

First detection of water vapor around HD269953

Processed material around YHGs

Kraus et al. 2023

[FMR2006] 15 (2005)
Finger et al. 2006

HD179821 (1989)
Oudmaijer et al. 1995
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Circumstellar variability

Gorlova et al. 2006

✔ A variable K-band appearance

✔ Correlates with stellar activity

✔ CO is found to be in emission at high 
mass-loss phases

✔ Line profile of a pulsating photosphere

K-band spectroscopy pairing the photometric lightcurve
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Line dynamics in the optical

Line profiles of ρ Cas (1993-2002)

Ha
SiII
Fe
BaII (CS)

Sargent 1961

ρ Cas: Asymmetric lines 
trace circumstellar shells

Lobel et al. 2003

Kourniotis et al. 2022

Lines of YHGs in the LMC
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Pulsational variability

van Genderen et al. 2019
Nieuwenhuijzen & de Jager 2000

HR5171A 

Dorn-Wallenstein et al. 2022

✔ Most, if not all, YHGs exhibit semi-regular 
pulsations with poorly-understood nature

✔ Pulsational properties change based on the 
location/direction of the YHG on the HRD

✔ How does the pulsating activity change in 
YHGs compared to YSGs ?
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Binarity: HR5171A

Roche-lobe model of HR 5171A seen at phase 0.25

K-band comp. spectrum from AMBER/VLTI Models fitting AMBER/VLTI interf/ry

Phased LCs (HIPPARCHOS/ASAS)

✔ HR5171A is very physically extended

✔ Extended nebulosity / flux asymmetry

✔ Eclipsing LC reveals system (P
orb

~3.5yr)

✔ Possibly in Wind Roche-Lobe Overflow

Chesneau et al. 2014
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hands onThe astroquery package
✔ astroquery is a package for querying astronomical web forms and databases. 
✔ Contains modules for querying web services for MAST, Simbad, Gaia, ESO, NASA ADS, 

Vizier etc, bringing the web interface to the scripting level. 

✔ HANDS-ON: learning to query the Vizier service getting access to the published 
photometric catalogs, building the SED of a star.

● Query the 2MASS catalog around the coordinates of YHG V382 Car

● Converting magnitudes into fluxes using passband properties available from
http://svo2.cab.inta-csic.es/theory/fps3/

● Student task: complement with Gaia 2 and WISE observations to assemble the 
optical/IR SED

● Student task: build SEDs for YHGs V509 Cas, IRC+10420, and ρ Cas
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hands onExercise slide
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hands onThe AAVSO database

https://www.aavso.org/

✔ The American Association of Variable Star Observers (1911) is an international non-
profit organization of observers, which enables anyone to participate in the scientific 
discovery in the field of variable star astronomy.

✔ It is based in Cambridge, Massachusetts, with active participants from more than 100 
countries, hosting more than 34 million observations of variable stars.

✔ HANDS-ON: learning to query, visualize and analyze a light curve from the AAVSO 
database

● Online lightcurve generator - Accessing the data
● VStar tool for analysis of time-series
● Student task: periodic analysis of Eta Aql, ASAS 182611+1212.6, T UMi
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