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Population of progenitors determined from pre-explosion 
imaging does not agree with the predicted population. 

Post-explosion techniques for 
determining progenitor mass

Using supernovae to probe red 
supergiant mass-loss
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Figure 6. The progenitor detections are marked with error bars (data from Table 1 and the limits
are marked with arrows (data from Table 2). The lines are cumulative IMFs with different minimum
and maximum masses.

star-forming regions. Williams et al. (2014) also suggest that
their results are compatible with progenitors all coming from
masses M < 20 M⊙ although the uncertainties do not rule
out the possibility of no upper-mass cut-off.

3.3. Possible explanations

The reasons for these missing high-mass progenitors are dis-
cussed as follows

3.3.1. Dust formation and circumstellar extinction
As discussed in Section 2.1.3, the extinction toward the pro-
genitors is often estimated from the extinction toward the SN
itself, or the nearby stellar population. The former estimates

may not be directly applicable since the circumstellar dust
around the progenitor stars can be destroyed in explosions—
as in the case of SN2012aw and SN2008S.

Walmswell & Eldridge (2012) calculated the dust that
could be produced in red supergiant winds and the extra ex-
tinction that this would produce. The idea is well motivated
and valid, but Kochanek et al. (2012) showed that treating
CSM extinction with a slab of ISM material is not physically
consistent. As shown in Kochanek et al. (2012), the pro-
genitor of SN2012aw was thought to be quite a high-mass
star but correct treatment of radiative transfer in a spheri-
cal dust shell reduces the progenitor luminosity limit while
comfortably fitting the optical, NIR, and MIR detections and
limits. The major concern for this sample is that the objects
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Theoretically 
predicted but not 

observed high mass 
progenitors

• Massive stars are rare

• Compared to supernovae, massive stars are 
faint and often blended

• Phases prior to explosion occur on rapid time 
scales —> difficult to catch at the right moment

Are the predictions wrong or is the 
interpretation of the observations incorrect?

Do all methods determine the same progenitor mass?
ASASSN-15ozSN 2017eaw

Why use supernovae to study 
massive stars?

SN 2017eaw : nebular spectra, 
light curve modeling, and direct 
detection are consistent with a 
15 M☉ progenitor.

ASASSN-15oz : nebular spectra 
and light curve modeling are 
consistent with a 17 M☉ 

progenitor.

Do red supergiant undergo a period of extreme 
mass-loss prior to explosion?

The multi-band light curve of ASASSN-15oz (left) is best fit by a SNEC 
model with 1.5 M☉ of circumstellar material (dashed line). The best fit 
model without circumstellar material is also shown(solid line) although it is 
unable to reproduce the early rise in the light curve.

SN 2018ivc (DLT18aq)

The light curve and spectroscopic evolution of SN 2018ivc are similar to 
SN 1996al except that SN 1996al showed narrow emission lines. The light 
curve shape and intermediate width hydrogen emission feature imply 
strong interaction with a dense circumstellar material.

• Direct detection: (pre-explosion modeling) 
current method

• Light curve modeling: new post-explosion 
technique

• Nebular spectra modeling: new post-explosion 
technique

An example of the comparison of the nebular spectra 
of ASASSN-15oz and the progenitor models of 
Jerkstrand et al (2012) which shows that the 
progenitor of ASASSN-15oz was between 15 and 19 
M☉. 

Multi-band light curve modeling of ASASSN-15oz 
using the SuperNova Explosion Code (SNEC; 
Morozova et al., 2015) shows that the observations 
are best fit by a 17 M☉ progenitor.

Nebular spectra of SN 2017eaw from multiple 
epochs are best characterized by a 15 M☉ progenitor 
from the models of Jerkstrand et al (2012). 

A 15 M☉ progenitor is derived by modeling the 
bolometric light curve (from Szalai et al, arXiv:
1903.09048). 

Left: The HST and Spitzer pre-imaging of SN 
2017eaw are consistent with a 15 M☉ progenitor 
(from Van Dyk et al, arXiv 1903.03872). 

Modeling the 
radio 
observation of 
ASASSN-15oz 
shows a mass-
loss rate of 
~10-6 M☉ yr

ASASSN-15oz

Maybe; need bigger samples
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