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Luminous Blue Variables, LBV (very massive stars >~85M
but perhaps there are much lower mass LBVs as well….)

 Wolf-Rayet, WR (>~20M )
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Eta Carinae 120 M star

.
Credit:ESO

VLT interferometer image
of eta Carinae

Credit: Jon Morse (U. Colorado)
and NASA

http://www.aavso.org/data/lcg/
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~104 yr
(Hydrogen shell burning, Helium burning stars)
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-Car 10 M 10yr! (
SN impostors)
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O  Eddington
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L = M
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Eddington :

3.8 × 10

H–R.

Eddington

.
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3D 

LBVs
3D 1D.

Yan-Fei
Jiang et al. (2018) Nature, 561, 498

LBVs He.

3D

ourburst.
https://news.ucsb.edu/2018/019169/luminous-blue-variable-
star



 Wolf-Rayet

 HST  Wolf–Rayet WR 31a.
Credit: NASA / ESA / Hubble / Judy Schmidt.

 HST  Wolf–Rayet WR 124
Credit: Yves Grosdidier, Anthony Moffat (U. Montreal),
G. Joncas (U. Laval), A. Acker (Strasbourg), STScI, and NASA



WN:  H, NIII (4640Å), NIV, NV, HeI, HeII, and from CIV at
5808Å  UV  NII, NIII, NIV, NV, CIII, CIV, HeII, OIV, OV, and SiV.
WC:  CII, CIII (5696Å), CIV (5805Å), OV (5592Å), HeI, and
HeII. .  UV,  CII, CIII, CIV, OIV, OV, SiIV, HeII, FeIII, FeIV,
and FeV.

WN4 WC6
https://lweb.cfa.harvard.edu/~pberlind/atlas/htmls/wrstars.html

WO:  WN WC. , 
.



From  “The Evolution of High-Mass Stars”, by Geraldine J. Peters Raphael Hirschi, in “Planets, Stars
and Stellar Systems Volume 4: Stellar Structure and Evolution”, Springer, 2013.

Teff ~ 25000-100000K

(300km/s )
 ~ 10-5 M /yr

 800->3000km/s
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Wolf–Rayet,
H–R

(blue supergiants),
(yellow supergiants)

(red
supergiant stars), f

).



 (single) 
  

)



 ( =0.02)

 H–R )
 Humphreys-Davidson

HD limit. : 

,

. )
e.g. Higgins & Vink 2020, A&A 635, A175



Humphreys-Davidson limit

Evolutionary models for 20–60 M in HRD form, with
TAMS positions shown for ov 0.1, 0.5. Evolutionary
phases are highlighted by number with RSGs at the red
dashed line, BSGs at the blue dashed line, and the MS
before the yellow lines, with the HD limit shown in
green. Position 1 shows MS objects, and positions 2 and
5 are post-MS BSGs that may be pre or post-RSGs.
Position 3 represents the majority of observed RSGs,
while position 4 illustrates the most luminous RSGs.

Higgins and Vink, 2020, A&A

ZAMS Zero Age Main Sequence
TAMS Terminal Age Main Sequence

aov quantifies the amount of convective overshooting



From  “The Evolution of High-Mass Stars”, by Geraldine J. Peters Raphael Hirschi, in “Planets, Stars and Stellar
Systems Volume 4: Stellar Structure and Evolution”, Springer, 2013.
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7 × 10        H  He
0.5 × 10          He C,O
600y                C Ne, Mg
1y                    e Mg, S I
0.5y                   O Si, S, Ar, Ca
1d                        Si Fe, Ni  supernova (
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