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What Makes a Star an LBV
”In order to be useful, a class of object such as ‘LBVs’ must be physically coherent.”

– Humphreys & Davidson (1994)

LBVs are massive stars with a specific type of instability that produces eruptive phases similar to the
eruptions of S Doradus and AG Carinae. In quiescence (outside of an eruption) they appear as
moderately evolved luminous hot (Teff ~ 12k - 30k) stars in the upper left of the HR-Diagram.

An LBV in quiescence cannot be unambiguously identified because they are defined by their ability to
erupt and quiescence, they have an appearance similar to other B supergiants, Of/Late-WN, and
B[e]sg. The relationship between these classifications is uncertain and a subject of great interest
relating to stellar evolutionary models for supernova progenitors. Clarity in the classification of LBVs
is critical to learning about their nature and what causes them to erupt.

Observing an eruption is the only way to know a star is an LBV. The infrared spectrum of many
known LBVs exhibit evidence that they are embedded in cool dust shells (i.e. excess and/or resolved
emission at 24 microns; McGreggor et al. 1988). However, cold dust is not a guarantee of a past
eruption and/or may not be indicative of the star’s current evolutionary status. Observing an eruption
is the only foolproof way to determine a luminous star is an LBV.

Qualities Shared by LBV in Quiescence
In quiescence (outside of eruption) LBVs are easily confused with other classifications of hot
luminous stars. The biggest source of confusion is B[e]sg stars which are probably NOT directly
related to LBV (see Humphreys et al. 2017a, ApJ 844, 40). The Minnesota Luminous Stars In
Nearby Galaxies project identified three qualities shared by all LBV in M31 and M33 when in their
quiescent state (see Humphreys et al. 2017b, ApJ, 836, 64):

1. NO prominent O I or Ca II emission between 6000-9000 Å (See Figure A)

2. Free-free infrared emission toward wavelengths of 1 µm with NO hot/warm dust (See Figure B)
• Extinction corrected IRAC (3.6 µm – 4.5 µm) < 0.50
• Extinction corrected (J-H) + (H-K) < 1.0

3. P-Cygni emission line profiles with outflow velocities 50-100 km s-1 less than typical for non-LBV
of the same stellar class.

Figure B Extinction corrected infrared color plots from Humphreys et al. (2017a) which demonstrated the
difference between quiescent LBVs (which have no warm/hot dust only free-free emission in the NIR) and
other types of objects with similar temperatures and luminosities.

LBV / S Doradus Variability vs. Giant Eruptions
LBVs are associated with two types of variability. Most LBV are close to the Eddington limit. The
cause of the physical instability driving each type of variability is unknown. However, the differences
suggest that they may be driven by different mechanisms with related physics.

List of Observed S Dor Eruptions
Objects identified in the literature as LVB or Candidate LBV were checked for evidence of S Doradus
Variability. In addition to the two objects in the Milky Way and Local Group of Galaxies have recorded
Great Eruptions (Eta Carinae and P Cygni), 28 objects in the Milky Way and Local Group of Galaxies have
recorded S Doradus Eruptions:

M33 (4)
Var C  (013335.10+303600.3)
Var B (J01334919+3038091)
Var 83  (J01341090+3034373)
Var 2  (J013418.35+303836.8)

SMC (1)
HD 6884 (R 40, J01071821−7228035)

LMC (6)
HD 269006  (R 71, J05020738−7120131 )
HD 269216  (SK −69 75, J05133077−6932236)
HD 269321  (R 85 , J05175607−6916037)
S Dor (J05181435−6915010)
HD 269662  (R 110 , J05305147−6902587)
HD 269858  (R 127 , J05364370−6929474)
CPD-69 463 (R 143 J05385162−6908071)

Milky Way (11)
HR Car (HD 90177)
AG Car (HD 94910)
Wray 15-751 (V432 Car)
[GKM2012] WS1
EM* VMRF 55 (MN 44)
HD 160529 (V905 Sco)
LBV G0.120-0.048 (V4998 Sgr)
FMM 362 (V4650 Sgr)
HD 168607 (V4029 Sgr)
MWC 930 (V446 Sct)
V481 Sct (G24.73+069)
IRAS 18576+341 (HD 193237)

M31 (5)
AE And (J00430251+4149121)
AF And (J00433308+4112103)
Var 15 (J00441944+4122464)
Var A-1 (J00445054+4130372)
UCAC4 660-003111 (J00452658+4150057)

S Doradus Eruptions
A 1-2 mag increases in brightness accompanied by a change in spectral type to late–A to F but NO
appreciable change in luminosity. The prototypical examples are S Doradus and AG Carinae. and
M31-004526.26 (Figure C, Humphreys et al. 2015, PASP, 127, 374) and AF Andromeda (Figure D,
Humphreys et al. 2017 ATEL, 10752) are shown below as examples.

Great Eruptions 
A change in brightness > 2 magnitudes accompanied by a change in spectrum to later spectral type
and an increase in luminosity. Great Eruptions have been linked to Supernova Impostors.

Two Great Eruptions have been observed in the Milky Way and Local Group of Galaxies:
P-Cygni’s 17th century eruption –and- Eta Carinae’s 1850 eruption.

Figure A A comparison of the red optical spectrum of an LBV in quiescence (Var 15 in 2010) with a B[e]sg
star (J013350.12+304126.6). The features of both spectra reveal similar Teff (Humphreys et al. 2017a).
Note the prominent [Ca II], O I and [O I] emission which are not present in the quiescent LBV spectrum.

Figure C Photometry and spectra of LBV J004526.62+415006.3 (Humphreys et al. 2015, PASP, 127, 374) covering its last S Dor eruption.

Figure D Photometry and spectra of LBV AF Andromedae covering its last S Doradus eruption (Humphreys et al. 2017 ATEL, 10752).
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