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1. No pre-explosion data

2. Data not deep enough to detect progenitor

3. Pre-explosion candidate 
revealed to not be progenitor



“ S T E L L A R  A S T R O P H Y S I C S ”  
P R O G E N I T O R  P R O X I E S

Pixel statistics

Spectroscopic diagnostics 
of age and metallicity 
(Kuncarayakti et al. 2013)

Anderson et al., 2012



A G E  ➜P R O G E N I T O R  M A S S

Age constraints from Padova 
PARSEC stellar evolution 
models 

These stop at 100M⊙ 

Don’t include binary evolution 

looking at stellar populations 
<50Myr 
(for massive stars evolutionary 
phases can be fast, poorly 
modelled) 

Girardi et al., 2004



S U P E R N O VA  P R O G E N I T O R S  U S I N G  
R E S O LV E D  S T E L L A R  P O P U L AT I O N S
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P R O G E N I T O R  M A S S  E S T I M AT E S  F O R  
S U P E R N O VA  R E M N A N T S

Star-formation history reconstruction for SNR20 in 
M33 using MATCH

Jennings et al., 2014, ApJ, 795 ,170

For ensemble of remnants find Mmax ~ 45M⊙



Bayesian Isochrone fitting
Brightness and colours of the ensemble of stars can be used 
to determine the star formation history

When did the stars form? 

How many episodes of star 
formation were there? 

Which stars belong to 
which episode? 

Which stars are single and 
which stars are binaries? 

Which stars are “in the 
background”?

Visual

Visual/Infrared

Colour magnitude diagram



Can answer most of these questions with: who cares? 
 Use a mixture model and nested sampling

BINARY SINGLE
Don’t have to decide which is the best solution for an 

individual star, instead use the properties of the ensemble of 
stars to sort classifications (note: not determining star 

formation history) 

Use the Bayesian Evidence to determine the best N 

Also consider differential extinction: 

p (Di|...) =
NX

j

(PBINp(Di|⌧j ,�j , wj) + (1� PBIN )p(Di|⌧j ,�j , wj))
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T Y P E  I C  S N  2 0 0 7 G R
No detection of progenitor in pre-explosion WFPC2 F450W and F814W 
observations - but at the centre of a massive star association

300pc Maund & Ramirez-Ruiz, 2016



S T E L L A R  P O P U L AT I O N  A R O U N D  S N  
2 0 0 7 G R

Progenitor was likely a WR star



See that the SN position 
itself is in proximity but 
not directly associated 
with significant H𝛼 
emission



H O W  C A N  S U C H  A  L A R G E  S T R U C T U R E  
H AV E  A  S I N G L E  A G E ?

Courtesy of T. Preibisch

Upper Scorpius OB 
association  - 50 - 70pc 

diameter, single age of 5Myr

Can reproduce structures of ~150pc in radius from a single 
spatial location with velocity dispersions of ~20 - 40kms-1



S T E L L A R  P O P U L AT I O N S  A R O U N D  T Y P E  
I I P  S U P E R N O VA E

Consider stellar populations within 100pc of the 
positions of 12 Type IIP She with an identified progenitor 

(with a range of distances from 3.5 - 26 Mpc)

Maund, 2017, MNRAS, 469, 2202 



2 0 0 8 B K

Youngest age component t ~ 26Myr  or lifetime of 
 11 - 12M⊙ star (agrees with previous direct studies of the progenitor)



S M A L L  N U M B E R S
In using ensembles of stars: the more stars you have, the more robust 
the solution.  For small numbers, individual stars can have a large 
impact (e.g. SN 2012aw)

progenitor

w/o progenitor

w/ progenitor



S N  1 9 9 3 J  - I D E N T I F Y I N G  T H E  R I G H T  
A G E  C O M P O N E N T

Invert the question: which age component does each star belong to? 

Most of the bright stars in close proximity to 1993J are OB stars belonging 
to the 12.6Myr component



C O M PA R I S O N  W I T H  D I R E C T  
D E T E C T I O N

AV(stellar population) ~ AV(prog) + 0.3M(stellar population) ~ M(prog) ± 3M⊙



C O N C L U S I O N S

• Stellar populations analysis can provide useful 
constraints (with limits) on the progenitors of SNe. 

• Strong evidence, independently of pre-explosion 
images, for large extinction associated with Type Ibc SNe 

• In general, assumptions of host extinction are likely  
underestimated for progenitors of all types of SNe 

• Age of population around SN 2007gr suggest massive 
WR stars are producing some Type Ibc SNe


