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A B S T R A C T 

This work presents measurements of local H II environment metallicities of core-collapse supernovae (SNe) in hosts with 

redshifts up to z ∼0.025. 139 SNe environments were observed at the Isaac Newton Telescope and data of an additional 268 SNe 
environments were found in archival data of MUSE, MaNGA, and PISCO. The project focuses on SNe with clean Type IIP, 
Type Ib, and Type Ic classifications. We present the largest spectroscopic sample to date, evaluating environment metallicities of 
79 Type Ib, 66 Type Ic, and 93 Type IIP by N2 and O3N2 strong emission line methods. The cumulative distribution functions 
(CDFs) of the SN environment metallicities show Type Ib and Type Ic SNe tending towards higher metallicity than Type IIP. 
We test the null hypothesis that Type Ib/Ic/IIP progenitors are drawn from the same parent population. There is no statistically 

significant difference between progenitors of Type Ib and Type Ic SNe. However, when comparing Ib/Ic with IIP SNe, the tests 
indicate strong statistical significance (significance level better than 1 per cent) to reject our null hypothesis, suggesting that the 
samples are not drawn from the same parent population. The significance is even higher (level better 0.1 per cent) when testing 

Type IIP versus the combined Type Ib + Ic sample. These results support a different physical nature of Type IIP and Types Ib/Ic 
progenitors. It challenges stellar evolution and SNe explosion models to reproduce the distinct CDFs found. 

Key words: stars: evolution – stars: massive – supernovae: general – ISM: abundances – HII regions. 
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 I N T RO D U C T I O N  

ore-collapse supernovae (CCSNe) result from the death of massive
tars ( > 8M�) and are responsible for the production of heavy
hemical elements that enrich the interstellar medium (ISM) and
ontribute towards subsequent generations of star formation. Over
he past decades, the supernova classification scheme has expanded
rom simply hydrogen-rich Type II and hydrogen-poor Type I SNe.
ype II subtypes include those SN classified from the plateau in

heir light curves (Type IIP; Barbon, Ciatti & Rosino 1979 ), those
ith linearly fading light curves (Type IIL; Filippenko 1997 ), and

hose with spectroscopic classifications such as Type IIb, where the
ydrogen lines disappear at late times (Filippenko 1988 ; Filippenko,
atheson & Ho 1993 ), or Type IIn, which have long-lasting narrow

mission lines (Schlegel 1990 ). Similarly, Type I SNe have ther-
onuclear Type Ia (not discussed here), hydrogen-poor helium-rich
ype Ib SN, and H + He-poor Type Ic. 
To understand the diversity of CCSNe their progenitors have

ecome of interest. Direct confirmation of the supernova progenitor
sing deep high spatial resolution archival imaging is the ‘gold stan-
ard’ of progenitor detection (e.g. hydrogen-rich Type IIP SN2008bk
n NGC 7793 Mattila et al. 2010 ). However, such imaging is often
navailable, particularly for more distant SNe or the detection limits
re poor (Smartt 2009 ; Van Dyk 2017 ; Smartt et al. 2009 ). Indeed,
 E-mail: jpledger@uclan.ac.uk 
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Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), whi
ven where such pre-SN imaging exists, there is frequently tension
etween single star and binary models, both of which can fit the
bservational data of the progenitor candidate [e.g. Type Ic SNe
PTF13bvn (Cao et al. 2013 ; Bersten et al. 2014 ), Type Ib SN2019yvr
Kilpatrick et al. 2021 ; Sun et al. 2022 )]. Morozova, Piro & Valenti
 2018 ) have also shown that the presence of circumstellar material
CSM) can lead to an underestimate of the initial mass from pre-
xplosion imaging if not accounted for. 

In lieu of direct detections, other approaches to investigate the
ature of the progenitor have been explored. For example, Lyman
t al. ( 2016 ) investigate the bolometric light curves of 38 stripped-
nvelope SNe, determining the nickel masses, ejecta masses, and
xplosion energies. Comparison of their observational results to
tellar evolutionary models support a binary scenario for the SNe.
ndeed, models from Dessart et al. ( 2024 ) suggest the diversity can
esult from varying the period of binary systems rather than other
arameters such as metallicity. However, Martinez et al. ( 2022b ) find
hat the diversity of Type II SNe is largely due to the explosion energy
f a single star. 
To infer a progenitor and initial mass for an SN it is possible to

xplore the stellar population around the SN since the surrounding
tellar population should reflect the age and mass of the star that
xploded (Maund & Ramirez-Ruiz 2016 ). Sun, Maund & Crowther
 2023 ) investigate the ultra-violet/optical properties of the stellar
opulations surrounding 41 stripped envelope SNe to infer an age and
nitial mass of the progenitors. They find that Type Ic SNe progenitors
re systematically younger and more massive than Ib and IIb, which
© The Author(s) 2025.
y. This is an Open Access article distributed under the terms of the Creative
ch permits unrestricted reuse, distribution, and reproduction in any medium,
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ave similar progenitor masses; IIb SNe exhibit hydrogen in their 
arly-time spectra before becoming H-poor like a classical Type Ib 
Ne. This suggests a hybrid model in which hydrogen envelopes are 
tripped through interactions that are not dependent on initial mass 
e.g. binary) for all subtypes, while helium envelopes are stripped via 
ass-sensitive processes such as stellar winds, resulting in more Ic 
Ne. Stellar wind strength also increases with metallicity, which 
esults in more stripping of the outer envelopes (Mokiem et al. 
007 ) and an increased number of Wolf–Rayet (WR) stars in higher
etallicity regions (Vink & de Koter 2005 ). 
Given the importance of metallicity it has become increasingly 

opular to explore both the local environment and the global 
roperties of SNe environments for different SN subtypes. Since 
assive stars have relatively short lifetimes of 3–50 Myr, they have 

ittle time to stray from their natal environment, thus the properties 
f the explosion site should also be representative of the progenitor. 
or example, the metallicity of the surrounding ISM should be 
onsistent with the ISM that the progenitor was made from. The 
ork of Brazzini et al. ( 2024 ) shows global variations in metallicity

cross galaxies, but no strong evidence for local variations (e.g. see 
heir fig. 11). 

Investigations of local SNe environments have included analysis 
f the H II region for star formation rate (SFR) (Anderson & James
008 ; Anderson et al. 2012 ; Galbany et al. 2014 ) and metallicity
see Ganss et al. 2022 and references therein). The latter of these is
f interest because it impacts, along with luminosity, the strength 
f the stellar winds and hence influences progenitor mass-loss 
Vink & Sander 2021 ). Most recently, Pessi et al. ( 2023a ) used
ata from the Very Large Telescope (VLT) with the Multi Unit 
pectroscopic Explorer (MUSE) instrument as part of the All-Sky 
utomated Survey for Supernovae (ASAS-SN; Shappee et al. 2014 ) 
f 112 CCSNe (78 II; 9 IIn; 7 IIb; 4 Ic; 7 Ib; 3 Ibn; 2 Ic-BL)
etected between 2014 and 2018 to look at properties of SNe. 
hey found that stripped-envelope SNe (Ib and Ic) are located in 
nvironments with a higher median SFR and oxygen abundance 
han Type II. The latter is confirmed at a statistical significance 
evel with p = 0.05 from Kolmogorov–Smirnov (KS) tests using the 
alibration in Dopita et al. ( 2016 ) but this is not confirmed from the
2 and O3N2 calibrations of Marino et al. ( 2013 ). Pessi et al. ( 2023a )

lso find that Type Ic SNe have a higher mean oxygen abundance
han Ib (but not at a statistically significant level), while Type IIb
ave similar oxygen abundances to Type Ic but similar SFRs to 
b. However, their low sample size makes these results difficult to 
nterpret. 

With a larger sample of 77 narrow-lined Type IIn SN, Ransome 
t al. ( 2022 ) analysed H α at SNe locations with the expectation
hat Type IIn would mimic ongoing star-formation if the dominant 
rogenitors were high-mass luminous blue variables (LBVs). They 
ound that only a subset follow the spatial distribution of H α emission
ith ∼40 per cent having no association with H α emission at all. One

nterpretation of this is a bimodal evolution with ∼60 per cent of Type
In SNe resulting from high-mass progenitors such as LBVs (e.g. 
N2005gl; Gal-Yam et al. 2007 ), while the remaining progenitors 
re in binary systems (Smith & Tombleson 2015 ). Moriya et al.
 2023 ) use a sample of 21 Type IIn SNe from MUSE, Potsdam Mul-
iAperture Spectrophotometer (PMAS), and the Mapping Nearby 
alaxies at APO (MaNGA) surveys. They find IIn in environments 
ith metallicities of 12 + log(O/H) ∼ 8.1 to 8.8 (based on the N2

alibration), and that Type IIn SNe with a higher peak luminosity are
referentially located in environments with lower metallicity. This 
ould suggest that Type IIn in lower metallicity environments have 
igher explosion energies. 
Pessi et al. ( 2023b ) investigate a global analysis of all star-forming
egions within the SNe host galaxy using the same ASAS-SN data
et for 99 CCSNe. They conclude there is a strong dependence of
CSNe production on metallicity, finding that there is a strong 
ecrease in the number of CCSNe (per unit of star-formation) 
s oxygen abundance increases, which is inconsistent with theory 
Castor, Abbott & Klein 1975 ; Kudritzki, Pauldrach & Puls 1987 ;
uls, Springmann & Lennon 2000 ; Mokiem et al. 2007 ). To explain

his, the authors suggest that metallicity could play a significant 
ole in the ‘explodability’ of a massive star with more massive
tars producing CCSNe at low metallicities. While this shows the 
mportance of metallicity, without splitting their sample into subtypes 
e cannot assess the role of stripping with respect to subtype

atios as all massive stars would produce a CCSNe of some type.
imilarly, Laplace et al. ( 2020 ) show that low metallicity could
e the crucial factor in producing more SNe from binary systems
ecause at high metallicity all the H-rich envelope is stripped, 
hereas at low metallicity lower mass progenitors still have their 

nvelopes that can extend to larger radii of > 400R�, encourag-
ng Roche-lobe overflow and additional stripping of the hydrogen 
nvelope. 

Aguilera-Dena et al. ( 2023 ) apply MESA (Modules for Experi-
ents in Stellar Astrophysics, Paxton et al. 2011 ) models and find

hat explosion energies, ejecta masses, and nickel masses for Ib SNe
re not well matched by single high-mass progenitors with WR- 
ike mass-loss, but are reproduced well by lower mass progenitors 
ith negligible mass-loss and a luminosity below the WR threshold. 
or Ic SNe they show that higher progenitor metallicities (Z = 0.04)
re required to match ejecta masses and explosion energies from 

bservations of Type Ic SN. However our previous work (Ganss et al.
022 ) found Ic SNe at all metallicities with little to no preference for
upersolar metallicities. 

When looking at SNe and their progenitors the effect of dust and
ass-loss episodes has been seen. Prior to exploding, the high-mass 
BV progenitor of Type IIn SN2009ip was observed to undergo 
ultiple outbursts (Mauerhan et al. 2013 ). Similarly, Fraser et al.

 2013 ) identified two outbursts prior to SN2011ht, also a Type IIn;
owever pre-SN imaging fails to reveal the progenitor. Most recently, 
ype IIL SN2023ixf has been found to be surrounded by a C-rich
ust shell and an increased mass-loss rate ∼3 yr before the SN of

10−4 M�yr−1 (Niu et al. 2023 ). Similarly, Chugai ( 2022 ) model
ype Ibn SN 2010al spectra and the circumstellar shell concluding 

hat the progenitor star had a mass-loss episode ∼0.4 yr prior to the
Ne explosion. Xiao et al. ( 2023 ) conducted a wider survey using
id-IR Spitzer data to investigate dusty SNe over a broad range of

ubtypes. They find that dusty SNe have a larger proportion located
ithin regions of higher SFR compared to normal (non-dusty) SNe 
ut find little to no dependence on metallicity. 

Understanding the effect of metallicity on the SN subtype is vital
o understanding their progenitors, whether single or binary, but 
here is not yet a clear consensus about this. This paper builds on
ur previous work (Ganss et al. 2022 hereafter Paper I ) where we
oncluded that there was a lack of Type Ib SNe at low metallicities
ased on a sample of 65 CCSNe (13 Type Ib). However, the low
umber statistics limited the results. In this paper we present a much
arger sample of Type IIP, Type Ib, and Type Ic CCSNe to investigate
he metallicity of their environments as a function of SN subtype.

e focus on SNe within a distance of ∼100 Mpc and crucially, we
resent the largest spectroscopic sample to date of Type Ib and Ic
Ne metallicities, thus reducing the unreliability of results due to low
umber statistics. In this paper we use the metallicity calibration of
arino et al. ( 2013 ); however, we note that we are mainly concerned
MNRAS 543, 2374–2403 (2025)
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ith the relative differences in metallicity between the SN subtypes
ather than the absolute values. 

The paper is structured as follows: Section 2 presents the SNe
ample selection criteria, the new target observations, and the archival
ata used. Section 3 describes the data reduction process and the
ethod of SNe environment metallicity measurement. Section 4

resents the results followed by the discussion in Section 5 . Finally,
ection 6 summarizes the conclusions. 

 OBSERVATION S  

.1 Target selection 

he most important step to enlarge the target sample is the extension
f maximum luminosity distance from ∼30 Mpc in Paper I to
100 Mpc. We chose the 100 Mpc limit as a compromise of a

ignificantly larger number of targets and the inevitably worse spatial
esolution of observed SN environments. 

Due to the larger uncertainty of the luminosity distance with
ncreasing distance, the luminosity distance criterion creates a certain
rbitrariness in the target selection. To avoid this, we switched from
uminosity distance to a maximum redshift z � 0.025 for the host
alaxy of the target as a more objective selection criterion. We
hose a maximum redshift of z ∼0.025 roughly corresponding in the
osmic microwave background (CMB) reference frame to a Hubble
istance of ∼100 Mpc. We took the redshifts from the NASA/IPAC
xtragalactic Database (NED; 1 Helou et al. 1991 ). We used various
atalogues to identify SNe within this redshift limit (Rochester
upernovae Archives (RAS; 2 Gal-Yam et al. 2013 ), Transient Name
erver (TNS; 3 Gal-Yam 2021 ), Weizmann Interactive Supernova
ata Repository (WISeREP; 4 Yaron & Gal-Yam 2012 ), Open Su-
ernovae Catalogue (OSC; 5 Guillochon et al. 2017 ), UC Berkeley
ilippenko Group’s Supernova Database (SNDB; 6 Silverman et al.
012 ), Asagio Supernova Catalogue(ASNC, 7 Barbon et al. 1999 )).
n total, we found 1395 CCSNe within redshift z � 0.025, which have
t least one classification of Type IIP, Ib, or Ic. 

As in Paper I , we have only considered SNe with reliable
lassification as Type IIP, Type Ib, or Type Ic as potential targets
or the project. We restricted Type II SNe to the Type IIP subtype
s this is the only subtype with unambiguous, confirmed progenitors
single red supergiants, see Smartt 2009 ; Van Dyk 2017 and refer-
nces therein) and because work by Graham ( 2019 ) indicates that
ifferent Type II subtypes have different metallicity distributions.
dditionally, we excluded Type Ic-BL SNe from the Type Ic class
ecause they are often associated with gamma-ray bursts indicating
 different physical nature of Type Ic-BL progenitors. We discuss
he implications of subtype and classification issues in more detail
n Sections 5.9 and 5.10 . 

Because it was not within the scope of the project to classify each
N, we used the various catalogues outlined above to check the
lassifications. SNe classified in all references exclusively as Type
b, Type Ic, or Type IIP were always accepted as target candidates.
or Type IIP SNe this meant they had to have a well-sampled light
urve extending to the plateau. The procedure was significantly more
NRAS 543, 2374–2403 (2025)

 https://ned.ipac.caltech.edu 
 https://www.rochesterastronomy.org/snimages/index.html 
 https://www.wis-tns.org 
 https://www.wiserep.org 
 https://github.com/astrocatalogs/supernovae 
 http://heracles.astro.berkeley.edu/sndb/
 https://sngroup.oapd.inaf.it/asnc.html 
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omplex for targets that had multiple classifications in the catalogues
unclear Type Ib or Ic, generic Type II, etc.). In these cases we
earched the references given in the catalogues for classifications in
he Astronomer’s Telegram (ATel, 8 Rutledge 1998 ) and/or Central
ureau for Astronomical Telegrams 9 (CBETs) or International As-

ronomical Union Circulars (IAUC). Most importantly, we searched
he literature for re-classifications (e.g. Matheson et al. 2001a ;
arutyunyan et al. 2008 ; Modjaz et al. 2014 ; Shivvers et al. 2017 ,
019 ), light curves of SNe (e.g. Jones et al. 2009 ; Galbany et al.
016 ; Martinez et al. 2022a ), and dedicated papers on specific SNe.
f the published literature reached a consensus on the SN subtype
hen the SN was accepted as part of our sample. Any SNe that
emained ambiguous were removed. For clarity, all references on
hich our classification assessment is based are given in the tables

n the appendix (Tables A2 and C2 ). 
In Paper I , we had a sufficiently low ( < 75◦) host galaxy inclination

s a further selection criterion to avoid ambiguities in the SNe H II

egion identification. We decided not to select by galaxy inclination
n this work because of the large range in morphologies, sizes, and
istances of the host galaxies, which render the interpretation of
easured inclinations unclear. All SNe were visually checked and

nly removed from the sample if the angular distance of the SNe
ite to the galaxy centre was smaller than the extraction aperture,
eaning that the extracted SNe spectrum could be contaminated by

ctive galactic nuclei (AGNs) or other nuclear activity. We applied
his check during the data reduction process. 

The total size of the selected sample meeting our redshift and
lassification criteria was 732 potential SNe consisting of 196 Type
b, 233 Type Ic, and 303 Type IIP SNe. We closed the target list on
022 December 31. We note that the work presented in this paper is
f those SNe for which we obtained our own data or could access
rchival data, details of which are given below. 

.2 INT/IDS observations 

rom previous observations (see table 1 of Paper I ) with the
ntermediate Dispersion Spectrograph (IDS) on the Isaac Newton
elescope (INT) we had a total of 100 long-slit observations of 78

ndividual supernovae. From 2022 October 24 to 2022 November
, we were able to make another 62 observations in 10 nights with
he INT/IDS (INT proposal ID I/2022B/4). The same instrumental
et-up as our first observing runs was used (see table 2 in Paper I for
etails). In total, 162 long-slit observations of 139 different targets
ere available with INT/IDS. See Table 1 for details of the different
Ne types observed with INT/IDS. 

.3 Archival data 

o further increase the number of observations we searched for
Ne site observations by Integral Field Unit (IFU) in the following
rchives: The ESO Science Archive 10 (Romaniello 2022 ) for suitable
USE (Bacon et al. 2010 ) data, the Calar Alto Legacy Integral

ield Area (CALIFA) survey 11 (Sánchez et al. 2012 ) of PMAS/PPaK
Roth et al. 2005 ; Kelz et al. 2006 ) instrument observations, and the

aNGA survey 12 (Bundy et al. 2014 ) for suitable data from the
aNGA IFU (Smee et al. 2013 ; Drory et al. 2015 ). See Table 2
 https://astronomerstelegram.org/
 http://www.cbat.eps.harvard.edu/
0 https://archive.eso.org/scienceportal/home 
1 https://califa.caha.es 
2 https://www.sdss4.org/dr17/manga 

https://ned.ipac.caltech.edu
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https://www.wis-tns.org
https://www.wiserep.org
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http://heracles.astro.berkeley.edu/sndb/
https://sngroup.oapd.inaf.it/asnc.html
https://astronomerstelegram.org/
http://www.cbat.eps.harvard.edu/
https://archive.eso.org/scienceportal/home
https://califa.caha.es
https://www.sdss4.org/dr17/manga
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Table 1. Overview of all SNe observed by INT/IDS and/or found in archival data. The columns are the instrument used, 
number of SNe within z� 0.025 and the number of SNe with reliable classifications. The column ‘misc Ib/c’ implies all 
Types Ib/c, Ca-rich Ib or Ic events, Ic-BL, Ibn and Icn; the column ‘misc. II’ implies generic Type II, IIL, ambiguous IIb and 
ambiguous IIn. The difference between ‘Number of Individual SNe’ and the sum of the instrument targets is caused by targets 
observed with multiple instruments. 

Instrument Number of SNe Ib Ic IIP IIb IIn misc. misc. 
Ib/c II 

IDS 139 58 29 31 2 0 9 10 
MUSE 166 18 21 54 20 13 13 27 
MaNGA 22 5 8 2 3 2 1 1 
PMAS/PPak 113 19 20 29 12 13 11 9 

Number of individual SN 407 90 71 107 35 27 30 47 

Table 2. Brief overview of the resolution capabilities of the instruments used in the current paper. For more technical details see Paper I for 
INT/IDS, Henault et al. ( 2003 ), Bacon et al. ( 2010 ) for MUSE, Roth et al. ( 2005 ), Kelz et al. ( 2006 ) for PMAS/PPak, and Smee et al. ( 2013 ), 
Drory et al. ( 2015 ) for MaNGA. Survey information is available in Galbany et al. ( 2018 ) for PISCO, Sánchez et al. ( 2012 ) for CALIFA, Bundy 
et al. ( 2014 ) for MaNGA and references herein. 

IDS MUSE PMAS/PPak MaNGA 

Field of view 1.5 arcsec ×3 . 3 arcsec 1 arcsec ×1 arcsec 1.3 arcsec ×1 . 3 arcsec 3 arcsec diameter 
Spatial sampling 0.4 arcsec px −1 0.2 arcsec ×0 . 2 arcsec px−1 0.2 arcsec px −1 0.5 arcsec ×0 . 5 arcsec px−1 

FWHM 2.8 Å 2.4 Å 6 Å 2.5 Å
Resolving power � 1600 1770–3590 � 850 1560–2650 
Spatial resolution n.a. 0.46 arcsec 2.7 arcsec 2 arcsec 
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or the most important technical data of the three IFUs; for more
echnical details of the instruments we refer to the studies quoted. 

In the ESO Science Archive we searched the data of the MUSE
nstrument mounted on the VLT (UT4). In total, we found MUSE
ata of 166 CCSNe environments within z � 0.025, 93 of these had a
eliable classification including 18 Type Ib, 21 Type Ic, and 54 Type
IP. 

From the CALIFA survey using the PMAS/PPak instrument, we 
earched several sources: the CALIFA H II Regions Catalogue 13 

Espinosa-Ponce et al. 2020 ), the SNe environmental metallicities 
ublished in Galbany et al. ( 2018 ), and the PISCO (PMAS/PPak
ntegral-field Supernova Hosts Compilation) data published online 14 

y Galbany et al. ( 2018 ). In these data, we found observational data
nd environmental metallicities of 113 CCSNe environments with 
� 0.025 among them 19 Type Ib, 20 Type Ic, and 29 Type IIP. 

In the MaNGA Survey we found IFU observational data from 22 
CSNe environments with z � 0.025 (among them five Type Ib, eight
ype Ic, two Type IIP). 
In total, we obtained archival environment observations of 294 

CSNe of all types (among them 39 Type Ib, 48 Type Ic, 83 Type
IP) from the three IFU instruments (see Table 1 for details). In total
ith the INT/IDS data, we had observations of the environments of
07 targets, of which 268 met our selection criteria (90 Type Ib, 71
ype Ic, and 107 Type IIP targets). 

 DATA  R E D U C T I O N  A N D  ANALYSIS  

.1 INT data reduction 

eduction of the new INT/IDS data was performed as in Paper I :
sing the standard software packages IRAF (Image Reduction and 
3 https://ifs.astroscu.unam.mx/CALIFA/HII-regions/
4 https://zenodo.org/records/1172732 

1

t
f
r

nalysis Facility; Tody 1986 ) and Starlink (Currie et al. 2014 ), we
rocessed the observational data with bias subtraction, flat correction, 
nd S-distortion correction; wavelength and flux calibration were 
erformed using arc frames and standard star observations. The 
NT/IDS data were trimmed to the range 3500–7000 Å, in which all
equired diagnostic lines lie. Determination of the pixel position of 
he SNe environment was done as described in Paper I and extraction
f the spectrum was done with the IRAF APALL routine with 4 arcsec
xtraction aperture as a reasonable choice to account for seeing and
mperfections of the optical path of the equipment. The 4 arcsec
perture size scales with 19.4 pc Mpc−1 and corresponds to linear 
ize of 1.94 kpc for a host galaxy at distance 100 Mpc. 

The Balmer decrement has been used for interstellar extinction 
orrection of the SNe site spectrum based on an H α/H β ratio of
.86, assuming case B recombination (Hummer & Storey 1987 ) 
nd empirical extinction curves from Osterbrock & Ferland ( 2006 ).
argets lacking H β emission were only corrected for Galactic 
xtinction 15 with values taken from NED (based on Schlafly & 

inkbeiner 2011 ) and assuming a Fitzpatrick ( 1985 ) reddening law.
xtinction correction was performed using the Starlink package 
IPSO DRED routine. A typical extracted spectrum obtained by 

he INT/IDS long-slit observations is shown in Fig. 1 for target
N2006dn as an example. 

.2 Archival data reduction 

he downloaded MUSE and MaNGA data are wavelength and flux 
alibrated but not corrected for interstellar extinction (Weilbacher 
t al. 2020 ; Law et al. 2016 ). The interstellar extinction correction of
MNRAS 543, 2374–2403 (2025)

5 We tested the impact of the extinction correction on the resulting metallici- 
ies and for the N2 calibration there was no difference in the metallicity results, 
or O3N2 the difference was 0.01–0.03 dex depending on the signal-to-noise 
atio of the observation. 

https://ifs.astroscu.unam.mx/CALIFA/HII-regions/
https://zenodo.org/records/1172732
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Figure 1. Obtained INT/IDS spectrum of Type Ib SN2006dn environment as an example for the extracted 1D environment spectra. The figure shows the most 
prominent emission lines of which H α, [N II ] λ6583, H β, and [O III ] λ5007 have been used for the metallicity estimation. 
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xtracted MUSE and MaNGA spectra was performed in same way
s described above for the INT/IDS data. 

The extraction of SNe site data from the IFU data was done
y the Python package MUSE Python Data Analysis Framework
MPDAF; 16 Bacon et al. 2016 ; Piqueras et al. 2019 ). MPDAF has
een developed mainly for work with MUSE data but is suited for
eneral use with spectra, images, and cubes. We used MPDAF for all
ubes – independent of the archival source – to avoid any issues with
ifferent software packages. The SNe site spectra found in MUSE,
aNGA, and the emission lines of PISCO cubes were all extracted
ith a circular aperture of 2 arcsec radius. The resulting aperture area

s about twice the INT aperture area. We did test different aperture
izes, but since the metallicity calibrations rely on flux ratios rather
han absolute flux the aperture size makes little to no difference to
ur results. 
The archival data of CALIFA H II regions catalogue and PISCO

urvey are wavelength and flux calibrated data, which are corrected
or interstellar extinction as described in Sánchez et al. ( 2012 ) and
albany et al. ( 2018 ). No additional data reduction was required.
e searched the CALIFA H II regions catalogue for emission line

uxes by the SNe RA-Dec coordinates with search radius 6 arcsec
nd took the H II region emission line fluxes of the H II region
losest to the SNe site. PISCO data are available as flux data in
he online version of table 3 of Galbany et al. ( 2018 ), as spectra
f SNe sites and as IFU cubes containing the emission line fluxes
f H α, H β, [NII] λ6583, [OIII] λ5007, and [SII] λλ6717,6731 per
paxel (both provided by Galbany et al. 2018 and downloaded
rom https://zenodo.org/records/1172732 ). We used all three of these
ISCO data sources for evaluation of the environment metallicities
nd averaged the results. No data reduction was necessary for the
Ne site spectra of the PISCO survey and the data were taken for
NRAS 543, 2374–2403 (2025)

6 https://mpdaf.readthedocs.io/en/latest/index.html 1
mission line fitting as they are. The PISCO cubes were processed
ith MPDAF as described above. 

.3 Emission line fitting 

e use the strong emission line method to estimate SNe envi-
onment metallicities (Pettini & Pagel 2004 ). This method needs
nly flux ratios of strong nebular emission lines for the metallicity
etermination, which are much easier to detect than the auroral
O III ] λ4363 line required for the direct method. Many different ratios
f strong emission lines have been proposed to determine gas-phase
etallicities (see e.g. Kewley & Ellison 2008 ; Kewley, Nicholls &
utherland 2019 and references therein). This work uses the N2 and
3N2 indicators with the calibration as defined in Marino et al.

 2013 ). 
The N2 and O3N2 indicators themselves have been chosen because

hey use closely spaced emission line ratios making the methods
obust to reddening and flux calibration corrections. 

The emission lines H α, H β, [NII] λ6583, and [OIII] λ5007 of the
xtracted SNe site spectra were fitted by Gaussian profiles for flux
stimation. Two independent tools with different fitting approaches
ere used to check the reliability of fluxes. We use the Penalized
iXel-Fitting (PPXF) 17 (version 7.0.0, Cappellari 2017 ) and the
IPSO Emission Line Fit (ELF) routine; comparison between the

esults is discussed in Section 5 . 
The PPXF tool fits the spectrum by an optimized linear combina-

ion of stellar spectra templates (for details see Cappellari 2017 and
eferences therein). Additionally, PPXF allows for fits of emission
ines in the spectra. We fitted all extracted SNe site spectra with
PXF in the wavelength interval 4800–6950 Å using simple stellar
7 https://pypi.org/project/ppxf/7.0.0 

https://zenodo.org/records/1172732
https://mpdaf.readthedocs.io/en/latest/index.html
https://pypi.org/project/ppxf/7.0.0
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Figure 2. Example of PPXF emission line fit. The figure shows the PPXF fit of the explosion site spectrum of SN2001B obtained by INT/IDS. The obtained 
spectrum is shown in blue. The orange line is the best PPXF fit to the continuum including underlying stellar absorption lines. Green is the PPXF emission line 
fit. The light grey regions are masked to avoid any fitting issues by sky line residuals. The two inlays are zoomed H β and H α region, respectively. The chosen 
example is one of the targets with strong stellar absorption underlying the H β line, which is much lower for H α. 
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opulation template spectra from the MILES library 18 (Vazdekis 
t al. 2010 ). We used a Gaussian fit template for the emission lines
see Fig. 2 for an example). 

With the DIPSO ELF command we fitted emission lines by 
aussian profiles. ELF fits were done in two small wavelength 

ntervals ( �λ typically 240 and 360 Å, respectively) in the H α and 
 β region independently. However, all emission lines within each 

nterval were fit simultaneously. 
The emission line fluxes of the hydrogen lines may be con- 

aminated by underlying stellar absorption along the line of sight 
nderestimating the true emission line flux of the SNe environment. 
hile PPXF intrinsically takes into account stellar contamination of 

he emission line fluxes, the simple DIPSO Gaussian fit is not able
o correct for possible stellar absorption. Therefore we applied the 
orkaround as described in Paper I , fig. 2, to all targets exhibiting

ignificant stellar contamination (122 targets) of the H β line to 
ompensate for the stellar absorption. In all cases we neglect the 
uch lower relative stellar absorption at the H α line. 
Despite these different approaches, the two tools provide very 

imilar metallicity values (differences between PPXF and DIPSO 

esults are addressed in Section 5.1 ). All subsequent results are using
he PPXF results, supplemented by DIPSO results of three targets 
SN2004A, SN2016ccm, and SN2017ewx) for which PPXF failed 

o fit. 

8 http://research.iac.es/proyecto/miles/pages/ssp-models.php 

w  

c
w  

a  
From the observational data of the 268 Type Ib, Ic, and IIP targets
f Table 1 , the data reduction process provided emission line fluxes
or the N2 indicator of 238 SN. For 205 of these SNe we also got
 β/[OIII] fluxes, for application of the O3N2 indicator. 18 spectra

xhibited either only hydrogen lines or no emission lines at all.
he check of potential nucleus contamination excluded seven SNe 
ue to angular centre distance less than the extraction aperture (see
ection 2.1 ). We also excluded four targets which exhibit a broadened
 α line indicating active interaction with circumstellar matter (e.g. 
mith 2017 ; Smith et al. 2024 ) and blending with [NII] lines making
ncertainties high or [NII] flux estimation impossible. One target 
ailed the validity check of the Marino et al. ( 2013 ) N2 calibration
see Section 4.1 ). In sum we had fluxes for N2 calibration of 238
argets (79 Type Ib, 66 Type Ic, 93 Type IIP; see Table A1 in the
ppendix) and fluxes for O3N2 calibration of 205 targets (63 Type
b, 61 Type Ic, 81 Type IIP). 

 RESULTS  

etallicity estimation by the strong emission line method requires 
 calibration derived from empirical metallicity data estimated by 
irect methods. The N2/O3N2 calibrations were initially introduced 
y Pettini & Pagel ( 2004 ) but were updated by Marino et al. ( 2013 )
ho used over 450 and over 3000 H II regions, respectively to

alculate the linear regression line fits. Throughout the paper we 
ill use the updated calibrations of Marino et al. ( 2013 ) for N2

nd O3N2, their equations (2) and (4), respectively. In this paper
MNRAS 543, 2374–2403 (2025)
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Figure 3. BPT-diagram of all targets with O3N2 calibration (blue diamonds). 
The red solid line is the decision line between the H II region and the 
AGN/LINER region as given by Kewley et al. ( 2001 ), equation (5). All 
targets but one (SN1961V) are well within the H II region of the Kewley et al. 
( 2001 ) decision line. 

w  

c  

c  

e

P

a

P

 

m  

c

4

T  

a
1  

l  

t  

S  

o  

t  

a  

s  

u  

r  

r  

s

4

A  

g  

p  

T  

t  

H  

a

Table 3. Number of targets (N), mean values, and standard deviations ( σ ) of 
the M13-N2 and M13-O3N2 metallicities split into the three SNe types and 
for the total sample. 

SN N(N2) M13-N2 N(O3N2) M13-O3N2 
type [12 + log(O/H)] [12 + log(O/H)] 

mean σ mean σ

Ib 79 8.51 0.07 63 8.50 0.10 
Ic 66 8.51 0.09 61 8.50 0.10 
IIP 93 8.46 0.12 81 8.43 0.13 
all 238 8.49 0.10 205 8.47 0.12 
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e label the calibrations M13-N2 and M13-O3N2, respectively. For
omparison with previous works that use the Pettini & Pagel ( 2004 )
alibration we convert the values of M13-N2 and M13-O3N2 using
quations ( 1 ) and ( 2 ). 

P04-N2 = −1 . 887 + 1 . 234 × M13-N2 (1) 

nd 

P04-O3N2 = −4 . 03 + 1 . 495 × M13-O3N2 (2) 

Table A2 presents the measured metallicities of the SNe environ-
ents in our sample, inferred by the N2 and O3N2 (where available)

alibrations from Marino et al. ( 2013 ) calibration. 

.1 Validity ranges of the indicators 

he validity ranges for the M13-N2 and M13-O3N2 calibrations
re given by Marino et al. ( 2013 ) as –1.6 < N2 < –0.2 and –
.1 < O3N2 < 1.7. All N2 and O3N2 values of our sample are
arger than the lower limits while the upper limits are exceeded by
he values of SN2012cw, SN2014C (both N2 only) and SN2001ch,
N2012A, SN2013ce, SN2016I (all O3N2). The indicator values
f these targets except SN2012cw exceed the upper limit within
he estimated uncertainty interval of the indicators. They have been
ccepted taking into account that the given range limits are not
trict limits due to their statistical nature. SN2012cw exceeds the
pper limit significantly and given that it exhibits emission line
adiation characteristic of a low-ionization nuclear emission-line
egion (LINER), (see section 5.7 ) it has been removed from our
ample. 

.2 AGN activity 

pplication of the strong emission lines method is restricted to
as phase emission caused by stellar ionization. We checked this
recondition by means of the BPT-diagram (Baldwin, Phillips &
erlevich, Baldwin, Phillips & Terlevich 1981 ) shown in Fig. 3 . All

argets but one (SN1961V) with O3N2 results are well within the
 II region; for targets with N2 results only, the BPT diagram is not

pplicable. 
NRAS 543, 2374–2403 (2025)
.3 Uncertainties 

he observational uncertainties of our observed data by photon noise
nd data reduction process have been estimated to be between ±0.01
nd ±0.05 dex (median value ∼0.035 dex) mainly depending on the
ignal-to-noise ratio (SNR). 

The error on the metallicity calibrations must be considered in a
umber of ways. The calibrations result from linear regression line
ts to a large number of data points and result in a 1 σ (68 per cent)
ispersion around the line of ±0.16 dex for M13-N2, ±0.18 dex for
13-O3N2. However, the regression fit itself has a much smaller

ormal error of ±0.035 dex for both the M13-N2 and M13-O3N2
ts, respectively. While the larger uncertainties must be taken into
ccount when considering absolute metallicity values, we note that
n this work we are mainly interested in the relative differences
etween SN subtypes, rather than the absolute values of metallicity.
e address the errors on the calibration in more detail in Section 5.6 .

.4 Environment metallicities 

able 3 lists the mean and standard deviation of metallicities for
he three SNe types and for the total sample. Differences in the
ean metallicities between subtypes are small, with the largest

ifference being between Ib/Ic and IIP SNe at 0.07 dex for the M13-
3N2 calibration. A simple t-test for the O3N2 results suggests a

tatistically significant difference between the mean of Ib and IIP
Ne if the maximum observational uncertainty of ±0.05 is assumed,
owever this becomes (just) not significant (p = 0.053) if the
alibration uncertainty of ±0.18 is applied to all data points. The
catter of Type Ib metallicities around the mean is significantly
maller (factor 1.7) than for Type IIP for the N2 calibration, but this
educes (factor 1.3) for M13-O3N2 calibration. The smaller range
f Type Ib metallicities compared to IIP observed in Paper I , is still
bserved in this larger sample, but the difference between Ib and IIP
as decreased. 

.5 Cumulative distribution functions 

ig. 4 shows the normalized cumulative distribution functions
CDFs) of the results for M13-N2 and M13-O3N2 calibrations,
espectively. The figure reflects the standard deviation results of
able 3 by a narrower CDF of Type Ib compared with Types Ic and IIP.
he difference in CDFs at low metallicities seems to be significant:
hile Types Ic and IIP are already present at metallicities from about
.1 dex, Type Ib metallicities only start above 8.2 dex. In addition,
he fraction of Type IIP at low metallicities up to about 8.5 dex is
ignificantly greater than for Types Ib and Ic. At metallicities above
bout 8.5 dex, no difference in the CDFs can be seen. 



Different environments of supernova IIP & Ibc 2381

Figure 4. CDFs of the SNe environment metallicities measured with the M13-N2 (left) and M13-O3N2 (right) calibration. Binning width for CDF calculation: 
0.0125 dex. 

Table 4. P -values of the two-sample KS-test and two-sample AD-test for 
the M13 results. P -values of less than 0.01 support a statistically significant 
difference between the parent populations of the given supernova subtypes 
(see Section 5.11 for full interpretation of the results). 

KS-test AD-test 

SN type M13-N2 M13-O3N2 M13-N2 M13-O3N2 
p-value p-value p-value p-value 

Ib-Ic 0.1215 0.7614 0.3470 0.9686 
Ib-IIP 0.0012 0.0057 0.0057 0.0041 
Ic-IIP 0.0078 0.0019 0.0035 0.0046 
(Ib + Ic)-IIP 0.00032 0.00032 0.00060 0.00046 
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.6 Statistical tests 

e applied the two-sample KS test (Press 1988 ) and the two-sample
nderson-Darling test (AD-test, Pettitt 1976 ) to check if the differ-

nces between the three SN subtypes are statistically significant. The 
ests have different approaches (see paper I, section 4, for a short
escription of the test differences) to test the null hypothesis that two
iscrete samples are drawn from same parent population. In this work 
e use the two-sample KS-test and AD-test as implemented in the 
ackage ‘twosamples’ 19 (Dowd 2020 ), version 2.0.0, of the statistical 
oftware called ‘R’ 20 (R Core Team 2021 ). The statistical tests of the
ackage ‘twosamples’ are not based on tables to calculate the p-value 
f the given samples but perform real permutations between samples 
o evaluate the p-value. The null hypothesis, that both samples have 
he same parent population, must be rejected if the p-value is less
han the chosen significance level α. 

Table 4 lists the p-value results of the sample combinations Ib-Ic,
b-IIP and Ic-IIP for M13-N2 and M13-O3N2 metallicity calibrations 
or both the two-sample KS-test and the two-sample AD-test. The 
-value for a significance level of 1 per cent must be < 0.01 to reject
he null hypothesis with 99 per cent confidence which is the case for
he Ib/Ic versus IIP both the KS and AD test results. For the combined
b + Ic versus IIP results the level is even lower than 0.1 per cent. 

The main result of the statistical tests is statistically significant 
vidence to reject the null hypothesis that the Ib/Ic and IIP samples
9 https://twosampletest.com/
0 https://www.r-project.org 

f
o
fi
e

re drawn from the same parent population with significance level 
etter than 1 per cent. This suggests that IIP SNe arise from different
rogenitor stars to Ib and Ic SNe, while the p-values of SNe Ib versus
c indicate no statistical significance of different parent populations 
f Ib and Ic SN. 

 DI SCUSSI ON  

n this section we consider the reliability of our results and the impact
f the errors by using Monte Carlo (MC) simulations. We compare
ong-slit and IFU observations to assess the consistency between the 
wo different observing methods. We also review the results from 

PXF with those from DIPSO to investigate whether our results are
ependent on the analysis tools. 

.1 PPXF versus DIPSO results 

s mentioned in Section 3.3 we used PPXF as well as DIPSO for
mission line fitting to estimate effects of stellar contamination on the
etallicities. Both tools use different approaches for flux estimation 

f the emission lines. The main advantage of DIPSO is the numerical
tability and the use of local spectral data around the emission
ine(s) only. PPXF fits the complete spectrum obtained by stellar 
emplates and thus provides information on stellar contamination 
f the emission lines. On the other hand, PPXF is more sensitive
o the input parameters and needs the data over a broad spectral
ange, requiring an accurate masking of residual sky lines and/or 
ther artificial spectral issues. However, PPXF can easily fit the 
nderlying hydrogen absorption features which is more complicated 
n DIPSO. 

Despite the different approaches to fitting the spectra, the results 
f the two tools agree remarkably well as shown in Fig. 5 within the
ypical overall observational and data reduction process uncertainty 
f about ±0.04 dex as indicated by the error bar. The few outliers
or M13-N2 calibration generally had poorer fits and lower SNR 

bservations. The good agreement between different methods of 
tting the emission lines gives us confidence in our measured 
mission lines fluxes. 
MNRAS 543, 2374–2403 (2025)
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Figure 5. Comparison of metallicities derived from PPXF fitting versus 
metallicities derived by DIPSO fitting for M13-N2 (blue diamonds) and 
M13-O3N2 (red squares). The cross indicates the typical observational 
uncertainty of ±0.04 dex; the dashed line represents the 1:1 line. Despite 
that both methods have completely different approaches to fit the emission 
lines (Section 3.3 ), the values agree remarkably well. 

Figure 6. Comparison of metallicities of targets observed by both IFU and 
by INT/IDS instruments for M13-N2 (blue diamonds) and M13-O3N2 (red 
squares). The dashed line represents the 1:1 line. There is no significant 
difference in the metallicities between the results obtained by the two 
instrument types (and different telescopes at different locations). 
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.2 Long-Slit versus IFU results 

e checked the reproducibility of the results using targets with
ultiple observations from both IFU and long-slit observations.
he reproducibility of our INT observations is unchanged from
aper I (see Fig. 5 ) as we did not obtain any repeat observations
n our 2022 INT observing run. However we have 12 new targets
bserved by both INT/IDS long-slit and IFU observations (seven
USE, one MaNGA, three PMAS, one observed by both MUSE and
aNGA). Fig. 6 compares the metallicities for both observational

echniques based on observations of different instruments at different
bservatories. The consistency of the results is significantly better
han the observational uncertainty. For the only target with three
bservations (SN2006fo observed by INT, MUSE, and MaNGA)
he difference between the three results is 0.01 dex. The excellent
greement between the two observational techniques, for multiple
NRAS 543, 2374–2403 (2025)
argets, provides confidence in our extraction of 1D-spectra and in
he comparability of long-slit and IFU results. 

.3 Check of SNe host biases 

e selected our targets strictly by the redshift of the host galaxy. With
he exception of a few targets, excluded by close host centre distance
o avoid host centre contamination (see Section 2.1 ), our sample is
olume limited and so there should be no observational bias. To
onfirm this, we checked several host properties (host type, absolute
uminosity, projected SNe centre distance and host inclination) for
ifferences between the SNe types potentially biasing the statistical
esults (see Table 5 ). The large difference in the mean of the distance
rom centre of Type IIP (5.2 kpc) compared to Type Ib (4.4 kpc)
nd Ic (4.4 kpc) is caused by a few outliers especially SN2016ccm.
he projected mean distance of Type IIP reduces to 4.80 without
N2016ccm and the standard deviation reduces from 5.83 kpc to
.01 kpc. The mean of inclination is in the same range for all SN
ypes with a very large scatter. 

Potential bias based on targeted versus untargeted SN surveys has
een discussed by Sanders et al. ( 2012 ) whereby pre-2015 surveys
argeted brighter (and potentially more metal-rich) galaxies. Since
e only look for relative differences in the metallicities we do not

xpect our results to be impacted by host luminosity as any such bias
hould be applicable to all SN subtypes. The relative metallicities
ould only be impacted if one SN subtype was dominated by pre-
015 observations and the other by post-2015 observations; this is not
he case in our survey. For completeness, we present histograms of
he host galaxy luminosity separated by SN subtype in Fig. B1 . Type
IP SN hosts do extend to (slightly) fainter host galaxies however,
ainter IIP hosts relative to Ib/Ic hosts could be a natural consequence
f a genuine difference in the environment metallicities between IIP
nd Ib/c. 

.4 Comparison of O3N2 and N2 results 

e repeat the comparison of M13-O3N2 and M13-N2 calibrations
one in Paper I with the larger sample (Fig. 7 ). As in Paper I ,
n increasing scatter for metallicities > ∼8.5 dex is visible. The
ncreased scatter may be caused by saturation of the [N II ] line for

etallicities greater than solar (12 + log(O/H) = 8.69, Asplund
t al. 2009 ) as discussed by e.g. Pettini & Pagel ( 2004 ) and Marino
t al. ( 2013 ). However, confirming the results of Paper I , the spread
tarts at about 8.5 dex, well below solar metallicity. Fig. 7 also reveals
 systematic difference of the metallicity by M13-O3N2 compared
ith M13-N2 in the range 8.2 to 8.5 dex by about 0.04 dex. This

ystematic difference was not obvious in Paper I because of the
maller sample. Consequently, a mixture or comparison of M13-
3N2 and M13-N2 metallicities provides questionable results at this

evel. This result is unexpected and reinforces the importance of
nly comparing metallicities derived from the same calibration (see
ewley & Ellison 2008 for full discussion). 

.5 Comparison to other work 

n Paper I we found a M13-N2 cut-off metallicity of about 8.3 dex for
ype Ib SNe, which was clearly distinct to the lower metallicities of
ype Ic and IIP (M13-N2 cut-off 8.15 dex and 8.18 dex, respectively).
ith the larger sample, the Type Ib cut-off lowers to 8.23 dex

ut is still above the Ic and IIP cut-offs (8.13 dex and 8.09 dex,
espectively). Recently, Pessi et al. ( 2023a ) reported a Type Ib
etallicity as low as 8.13 dex for SN2016ccd. This target is within
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Table 5. Statistical properties of the SNe host galaxies. The table shows the means of absolute B-magnitudes MB , of the projected centre distance and of 
the host inclinations, their standard deviations σ , and the standard errors of the mean ( � mean) of the hosts for the different SNe types. The numbers of 
hosts are given as well and they differ slightly for the three quantities due to different availability of host data. Data of absolute magnitudes were taken from 

GLADE + catalogue (Dálya et al. 2022 ), projected centre distance were calculated by angular distance of SNe site to host centre and host luminosity distance 
taken from GLADE + . The host inclination values were taken from Hyperleda (Makarov et al. 2014 ). See the text in Section 5.3 for interpretation. 

Absolute magnitude Projected centre distance Inclination 

SN type N(hosts) mean MB σ � (mean MB ) N(hosts) mean dc σ � (mean dc ) N(hosts) mean I σ � (mean I) 
[mag] [mag] [mag] [kpc] [kpc] [kpc] [◦] [◦] [◦] 

Ib 79 −20.4 0.94 0.11 79 4.4 3.05 0.34 77 55.0 18.39 2.10 
Ic 66 −20.4 0.92 0.11 66 4.4 4.14 0.51 64 50.5 19.96 2.50 
IIP 91 −20.0 1.19 0.12 91 5.2 5.83 0.61 85 56.3 19.70 2.14 
all 236 −20.2 1.06 0.07 236 4.7 4.90 0.32 226 54.2 19.40 1.29 

Figure 7. Comparison of M13-O3N2 versus M13-N2 calibration for all 
targets where both results are available. The black and blue overlaid crosses 
represent the calibration uncertainties and the typical observational uncer- 
tainty, respectively. The dashed line is the 1:1 line. This figure confirms the 
increased scatter seen in Paper I for M13-N2 values > 8.5 dex. It reveals also 
that M13-O3N2 provides lower metallicity values in the range 8.2 to 8.5 dex. 

Table 6. Smallest metallicities of Type Ib, Ic, and IIP SNe found in previous 
and this work. The number in brackets behind is the number of targets found 
in previous work fulfilling our target selection criteria. All metallicities but 
Modjaz et al. ( 2011 ) are M13-N2 values; the PP04-N2 values of Anderson 
et al. ( 2010 ), Leloudas et al. ( 2011 ), and Sanders et al. ( 2012 ) have been 
converted to M13-N2 values by rearranged equation ( 1 ). The values of Modjaz 
et al. ( 2011 ) are PP04-O3N2 values. See the text of Section 5.5 for discussion. 

Work Lowest Ib Lowest Ic Lowest IIP 

Anderson et al. ( 2010 ) 8.11(14) 8.41(10) 8.26(5) 
Galbany et al. ( 2018 ) 8.43(17) 8.14(20) 8.10(27) 
Kuncarayakti et al. ( 2018 ) 8.26(11) 8.02(9) 8.13(23) 
Leloudas et al. ( 2011 ) 8.50(6) 8.37(3) -(0) 
Modjaz et al. ( 2011 ) 8.29(9) 8.49(9) -(0) 
Sanders et al. ( 2012 ) 8.34(5) 8.30(4) -(0) 
Pessi et al. ( 2023a ) 8.13(6) 8.16(5) 8.09(23) 
this work 8.23(79) 8.13(66) 8.09(93) 
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 projected distance of 260 pc from the host galaxy centre and a 90◦

ost inclination so was excluded from our sample by project design. 
ut we can confirm the low metallicity we derived from MUSE data

our value: 8.15 dex). We checked previous work for low metallicity 
esults of Type Ib and present a summary in Table 6 . We note that
revious works do not correct for the underlying Balmer absorption 
e outline in section 3.3 . The impact of this correction corresponds

o, on average, a difference in metallicity of 0.018 dex ( σ = 0.016),
lthough in extreme cases the difference can be up to 0.1 dex. 

For the table we searched the previous work for all Ib, Ic and IIP
argets fulfilling the target criteria of our project (beside classification 
ssentially the redshift condition). With exception of Modjaz et al. 
 2011 ) values, all values in Table 6 are M13-N2 values, either directly
rom the published data or calculated from published PP04-N2 values 
y rearranging equation ( 1 ). From Modjaz et al. ( 2011 ) we have only
PO4-O3N2 values not transferable to M13-N2. But by means of 
earranging equation ( 2 ) we get a M13-O3N2 value of 8.24 dex,
hich should be, according to Fig. 7 , a lower limit for M13-N2.
able 6 shows the only other low metallicity Type Ib, the SN2002jz
formerly classified as Type Ic in the IAU circulars, Shivvers et al.
019 ) with environment metallicity of M13-N2 = 8.11 dex by
nderson et al. ( 2010 ). This target is, with M13-N2 = 8.23 dex,
ur lowest Type Ib target as well. The different metallicity value is
ikely caused by the slightly different approach by Anderson et al.
 2010 ) to estimate the environment metallicity (they evaluated the
 II region closest to the SNe site not the SNe site itself, see Anderson

t al. 2010 ). The other previous work confirms the higher Type Ib
ut-off compared with Type IIP SNe. For Type Ic, the lower cut-off
etallicity varies between studies from 8.02 to 8.49 dex. However, 

ll but this work and Galbany et al. ( 2018 ) have low number statistics
nd/or take the metallicity closest to the SN, not directly at the SNe
ite. This work and Galbany et al. ( 2018 ) are in good agreement. 

.6 Monte-Carlo simulations 

e checked the sensitivity of the p-values of the statistical tests
sing MC simulations and applied the same algorithm described in 
ection 5.4 of Paper I . As an example, the results for the typical
bservational uncertainty of about 0.04 dex (which was assumed to 
e the same for all targets in the MC simulations) are shown in
igs 8 and 9 . Fig. 8 shows the scatter in the CDFs for different
Ne types. At uncertainty 0.04 dex the differences between Ib and
c CDFs to the IIP CDFs is still visible. This is reflected in the
-value distributions which are shown in Fig. 9 . However, there is
 significant change in the sensitivity of the p-value distributions 
o uncertainties compared to Paper I due to the significantly larger
amples: if the initial p-value (p0) is small (empirically: less than
.1), the sensitivity to the typical observational uncertainty 0.04 dex 
s very low and almost not visible for initial p-values < 0.001. If the
nitial p-value (p0) is high (empirically: greater than 0.2), the p-value
istributions tend to be almost uniform for typical observational 
ncertainty of 0.04 dex. This behaviour has been seen for all sample
MNRAS 543, 2374–2403 (2025)
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Figure 8. CDF scatter range of the Monte-Carlo simulations (20000 runs) for uncertainty � = ±0.04 dex of M13-O3N2 samples. The solid lines are the 
undisturbed CDFs of Fig. 4 , right panel. 

Figure 9. Example of the effect of metallicity uncertainty on the p-value distribution based on Monte-Carlo (MC) simulations. The figures shown are the MC 

AD-test p-value distributions for the M13-N2 Ib sample versus M13-N2 IIP sample (left) and versus M13-N2 Ic sample (right). The upper panels show the 
initial p-values of the samples without metallicity uncertainty, the lower panels show the p-value distributions when applying an uncertainty of 0.04 dex to all 
sample targets. The behaviour shown is representative and has been seen for all MC results independent of statistical test and sample: the smaller the initial p0 
value the lower the sensitivity to uncertainties and vice versa. For our largest samples (combined Ib + Ic sample versus IIP sample), we have seen almost no 
sensitivity of the p-values at 0.04 dex uncertainty. 
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ombinations and independently of the statistical test used. The
ualitative difference in the MC p-value distributions between KS-
nd AD-test we have seen in Paper I disappears completely with the
arger samples as it was caused only by the relatively small sample
n Paper I . 

.7 SN2012cw 

e excluded SN2012cw from our sample because it violates the
alidity range of the M13-N2 calibration significantly. However,
N2012cw is an interesting object because it is the single spectrum
f our collection exhibiting stronger [NII] flux than H α flux (see
ig. 10 ). This is characteristic for low-ionization excitation known
rom LINER galaxies, but SN2012cw is at a large projected distance
about 5.1 kpc) from the centre of its lenticular host and we
an exclude an AGN excitation. We observed SN2012cw twice
t INT with a time interval of about 15 months and thus we can
xclude a rapid transient process. Unfortunately, the H β and [OIII]
mission is hidden in the noise in our observations and we cannot
valuate the position of SN2012cw in the BPT diagram directly. By
eans of PPXF we revealed H β and [OIII] fluxes out of the noise
NRAS 543, 2374–2403 (2025)
nd get averaged SN2012cw coordinates (-0.1,0.21) being in the
INER region of BPT diagram (recall Fig. 3 ). We propose to call

he SN2012cw environment a ‘LIER’ (Low-Ionization Excitation
egion) observed at large distance from the host centres (e.g. Singh
t al. 2013 ; Hviding et al. 2018 ; Byler et al. 2019 ). The excitation
echanism may be shock ionization (e.g. Congiu et al. 2023 ) of
SM or ISM by the SNe ejecta. 

.8 Archival Type IIb and Type IIn data 

e found spectral data of 32 Type IIb and 25 Type IIn CCSNe (see
able C1 ) in the used archives. Beyond the initial scope of the project
e provide the metallicities of these SNe in Table C2 . Data reduction,

mission line fitting and calibration for the evaluation of environment
etallicities were the same as described in Section 3 . Fig. 11 shows

he CDFs of Type IIb and Type IIn SNe compared with CDFs of
ur Type IIP and combined Type Ib + Ic sample. The environment
etallicities of IIb and IIn SNe are in between the IIP and Ib + Ic
Ne for metallicities less than about 8.5 dex. No differences are
isible for higher metallicities in case of M13-N2 calibration. For
he M13-O3N2 calibration, the Type IIb metallicities tend to be
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Figure 10. Explosion site of SN2012cw in NGC 3166 and the obtained 
emission lines at H α (observer frame). The [NII] flux is stronger than H α

indicating low-ionization LINER-like emission at a large distance from the 
host centre (projected distance: ∼5.1 kpc). 
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ower than Type IIP metallicities starting at metallicities of about 
.45 dex. Taking into account the relatively low Type IIb number it
s not clear that this tendency would hold with a larger sample of
ype IIb SN. The application of statistical tests (Table 7 ) reveals no
tatistical significance to reject the null hypothesis that the samples 
re drawn from the same parent population. 

.9 Type Ic-BL SNe 

here are only 8 Ic-BL SN environment spectra within our survey 
arameters, so including them as a separate class would not yield 
ny statistical results due to the low number statistics. Both Ic and
c-BL are predicted to result from the death of massive stars and
revious work has shown that Ic-BL prefer more metal-poor regions 
ompared to Type Ic SN (Modjaz et al. 2011 ), so a misclassification
f a Ic as Ic-BL (or vice versa) could impact our results. To test
his we compare the metallicities of our Ic SNe to the Ic-BL SN.

etallicity determination was possible for 7 out of the 8 Ic-BL SN
nd are presented in Fig. D1 which shows that all of the Ic-BL lie
etween log(O/H) + 12 ∼8.3 to 8.6. We therefore conclude that Ic-BL 

o not represent Ic SNe at lower metallicity. 

.10 Misclassification of SN 

lean SNe classifications are crucial for this project. Our efforts 
o provide a clean sample are highlighted in Section 2.1 so we
re confident that the classifications used here are accurate. The 
equirement of a clean Type IIP classification (rather than Type II
nly) removes any issues of Type IIb SN being misclassified as
ype IIP as their light curves would not show the necessary plateau.
imilarly, Type II SN with short-lived flash ionization could be 
isclassified as Type IIn SNe but their light curves would reveal their

rue nature and again this would not impact our Type IIP distribution.
owever, we would like to discuss three inherent classification issues 
ebated in the literature, which may impact the distributions: a) the
ossibility of hidden helium in SNe spectra resulting in a Type Ic
lassification instead of a Type Ib, b) Type IIb to Ib transition and c)
he distinction of Type IIP versus other Type II. 

.10.1 Hidden helium 

essart et al. ( 2012 ) suggests that weak mixing of 56 Ni into He-rich
egions can hide the helium in the spectrum and mask a Type Ib
Ne as a Type Ic SN. Hachinger et al. ( 2012 ) uses non-LTE models
ith different mass He envelopes and create synthetic spectra to 

nvestigate the detection of the He I 6678Å and He I 7065Å lines.
hey conclude that with 0.14 M� of helium present in the envelope, 

he optical helium lines can be detected. Their spectra suggest that
e I lines become stronger in later-time spectra ( ∼ 30 d post-

xplosion) for Ib SN, while none are detected at any point in the
c spectra. Based on this work we suggest that optical spectra for
Ne Ib classification are best obtained ∼20 d post explosion and

ater. 
We checked the dates of the classification spectra of our Type Ib

nd Type Ic SNe where available and found a median value of 7.5 d
ost discovery with a range from 0 to 60 d. Taking into account some
dditional days between explosion and discovery, the classification 
pectra of many targets are in the range of the suggested 20 d but
here is a large spread. While hidden helium may incorrectly classify
b as Ic SNe in a small minority of cases, our statistical tests provide
o statistical significance to reject the null hypothesis that Ib and Ic
rogenitor metallicities are drawn from the same parent sample and 
 few misclassified Type Ib or Type Ic will not change this result.
mportantly, the issue of hidden helium is not a factor in the analysis
f Type IIP and Ib/Ic SNe as we combine the Ib and Ic samples. 

.10.2 Type IIb to Type Ib transition 

ype IIb SNe are characterized by hydrogen lines in the early phase
isappearing usually in timescale of months. Some Type IIb SNe (e.g. 
N2011ei, Milisavljevic et al. 2013 , or SN2022crv, Gangopadhyay 
t al. 2023 ; Dong et al. 2024 ) exhibit very quick disappearance
f the hydrogen features after the maximum. It is believed that
he IIb progenitors have kept small amounts of hydrogen (e.g. 
ilippenko 1997 ) which is thinned with the rapid ejecta expansion
nd the underlying He-rich layers become visible. On the other 
and, the progenitor of a Type Ib SNe does not have to lose its
ydrogen completely to be classified as Type Ib (e.g. Deng et al.
000 ; Parrent et al. 2007 ; Hachinger et al. 2012 ). Consequently, a
ontinuum between the Type IIb and Ib with a decreasing amount
f residual hydrogen in the progenitor envelope has been suggested 
e.g. Hachinger et al. 2012 ; Yoon 2017 ; Prentice & Mazzali 2017 ;
ravan, Marchant & Kalogera 2019 ; Gilkis & Arcavi 2022 ). 
Type Ib with residual hydrogen and the transitional character of 

ype IIb SNe create the risk of mis-classifications. Some Type Ib
lassified SNe may be actually Type IIb SNe (late classification 
pectrum in the case of a quickly transitioning Type IIb) or some
ype IIb may be actually Type Ib SNe (early classification spectrum
f Type IIb with long lasting hydrogen phase). This can only be
nvestigated by longer observation times with multiple classification 
pectra, which is not the case for our Type Ib sample. As mentioned
MNRAS 543, 2374–2403 (2025)
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Figure 11. Supplementary CDFs of the Type IIb (dark red) and Type IIn (gold) environment metallicities derived from archival environment spectra. The CDFs 
are created with M13-N2 (left) and M13-O3N2 (right) calibrations. The dashed lines are the CDFs of our combined Type Ib + Ic (magenta) and Type IIP (green) 
sample, respectively, for comparison. Binning width for CDF calculation: 0.0125 dex. 

Table 7. Supplementary p -values of the two-sample KS-test and two-sample 
AD-test for M13 results of Type IIb and Type IIn samples versus Type Ib, 
Type Ic, and Type IIP samples; for a description of p -value calculation see 
Section 4.5 . There is no statistical significance in any way to reject the null 
hypothesis that any samples are drawn from the same parent population. 

SN type KS-test AD-test 

M13-N2 M13-O3N2 M13-N2 M13-O3N2 
p-value p-value p-value p-value 

IIb-Ib 0.4376 0.0317 0.3327 0.0149 
IIb-Ic 0.1579 0.0182 0.1874 0.0070 
IIb-IIP 0.5309 0.5846 0.6053 0.4234 
IIb-IIn 0.9599 0.2977 0.9952 0.3409 
IIn-Ib 0.5822 0.5419 0.4710 0.3856 
IIn-Ic 0.1233 0.3231 0.1361 0.2763 
IIn-IIP 0.5057 0.3093 0.5042 0.3269 
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bove, the classification spectra of our sample are younger than 60 d
fter discovery and some of our Type IIb SNe may actually be Type
b. This will not change our principal result of a strong statistical
ignificance of different parent populations of Type IIP and Type
b/Ic progenitors, but we can not exclude the possibility that a low-
etallicity Type IIb is actually a low-metallicity Type Ib (see Fig. 11 ).
ore work is needed to assess this possibility. 

.10.3 Ambiguous Type II classifications 

ype IIP and Type IIL are characterized by photometric features
ith a plateau (IIP) phase during declining and a rapid linear (IIL)
eclining light curve, respectively (Barbon et al. 1979 ; Filippenko
997 ), and they require a longer time monitoring (up to ∼100 d) to
etermine this. However, Type IIP is not well defined in terms of
he period of the plateau phase, in which photometric band, how
constant’ the plateau is and so on. Consequently, some studies
Anderson et al. 2014 ; Sanders et al. 2015 ; Valenti et al. 2016 ) argue
or a continuous distribution of Type II SNe properties and that no
eparate Type IIP / IIL classes exist. 
NRAS 543, 2374–2403 (2025)
A continuous Type II distribution challenges the project design
ased on a clean Type IIP sample. Maybe such a strict requirement
s needless because there exists no clean Type IIP population at
ll. We address this issue by extending our clean IIP sample and
ncluding environment metallicities of SNe with ambiguous Type
I classifications for which we found archival environment spectra.
hese SN have a IIP classification alongside other classifications

e.g. Type IIb/IIn/IIL). This extended sample did not include any
ype II SNe with solid classifications of IIb, IIn or IIL. 
In total, this II + IIP sample extends the Type IIP sample by

dditional 29 (M13-N2) and 24 (M13-O3N2) targets, respectively.
ig. 12 shows the change in the CDF; the CDF of the extended sample
omes closer to the combined Type Ib + Ic sample CDF reducing
he statistical ‘distance’. This is echoed in the statistical test results
n Table 8 with p-values increasing typically by a factor of a few.

e cannot draw any physical conclusion from this simple test, but it
hows that it could be important to keep a clean SN subtype sample
o test the behaviours of different subtypes with metallicity. This is
choed by the different distributions for Type IIb and IIn SNe in
ig. 11 . We note that, even with the extended Type IIP sample the
tatistical tests indicate a statistical significance (at a significance
evel better than 1 per cent) to reject the null hypothesis that the
xtended Type IIP sample and the combined Type Ib + Ic sample
re drawn from the same parent population (see Table 8 ). 

.11 Interpretation of statistical results 

ll statistical test results of this paper indicate at a high significance
evel of usually better than 1 per cent to reject the null hypothesis
hat the Type IIP samples and Type Ib and Ic samples are drawn from
he same parent population. This is the first statistically significant
esult that supports the commonly discussed assumption of a different
ature of Type IIP and Type Ib/Ic progenitors. 
Regarding the nature of Type Ib/Ic progenitors, two scenarios

re under discussion: the single massive star and the close binary
cenario with current preference for the close binary scenario based
n stellar evolution models and observational evidence revealing a
igh binary fraction of massive stars (see e.g Sana, Gosset & Evans
009 ; Duchˆ ene & Kraus 2013 ; de Mink et al. 2014 ). In Paper I
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Figure 12. CDFs of the SNe environment metallicities measured with the M13-N2 (left) and M13-O3N2 (right) calibration for the extended Type IIP + II 
sample (green solid line) and the clean Type IIP CDF (green dashdot line). The magenta dashed line is the combined Type Ib plus Type Ic sample CDF for 
comparison. Binning width for CDF calculation: 0.0125 dex. 

Table 8. Change of p -values by including targets with ambiguous Type II ( N 

= 31 for M13-N2, N = 26 for M13-O3N2) classification to the IIP sample. 
The p -values increase drastically with the ambiguous targets included; for a 
description of p -value calculation see Section 4.5 . 

M13-N2 M13-O3N2 

SN type Test versus IIP versus 
IIP + II 

versus IIP versus 
IIP + II 

p -value p -value p -value p -value 

Ib KS 0 .0012 0 .0082 0 .0057 0 .0324 
Ic KS 0 .0078 0 .0078 0 .0019 0 .0101 
Ibc KS 0 .00032 0 .00259 0 .00032 0 .00322 
Ib AD 0 .0057 0 .0263 0 .0041 0 .0226 
Ic AD 0 .0035 0 .0091 0 .0046 0 .0187 
Ibc AD 0 .00060 0 .00318 0 .00046 0 .00337 
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e argued for higher fraction of single massive stars as Type Ib
rogenitors based on the significantly narrower Type Ib CDFs and 
ack of low metallicity Type Ib. Both arguments have weakened 
ith the larger samples: the Type Ib CDFs are still narrower and

he lowest metallicities are still higher than for IIP and Ic, but
he differences have considerably dropped. Taking into account the 
still) low number statistics in the low metallicity range even with 
he clearly larger samples, it is questionable if there is a difference
etween the CDFs in the low metallicity range at all. More data in
he low metallicity range are required to answer this. 

The overall shapes of the CDFs clearly indicate the preference 
f Type Ib and Type Ic to higher metallicity environments. This is
onsistent with the single massive star scenario, where the star loses
ts outer shell(s) by strong stellar winds (see e.g. Puls, Vink & Najarro
008 ; Vink, de Koter & Lamers 2001 ; Vink & Sander 2021 and refer-
nces therein), but is inconsistent with the lack of direct-detections of
bc progenitors. Smartt et al. ( 2009 ) suggests this lack of detections
upport lower mass binary progenitors as the dominant channel of 
ype Ibc SNe. However, if there are only binary progenitors, it is dif-
cult to explain the preference of Type Ib/Ic SNe to higher metallicity
nvironments, which is simpler to explain by the higher mass single 
tar scenario. In addition, the observed frequency of CCSNe sub- 
ypes, requires binary and single-star scenarios (Smith et al. 2011 ). 
Models by Dessart et al. ( 2024 ) show that some SN subtypes can
e a function of the initial separation of a binary system rather than
nitial mass or metallicity. This suggests that the shapes of the CDFs
o not provide any distinction between single or binary scenarios. 
owever Dessart et al. ( 2024 ) do not produce Ic SNe in their binary

nalysis and only run solar-metallicity models. Metallicity could 
otentially be the key to producing Type Ic supernovae and highlights
he complexity of modelling required to understand the role of both
inarity and metallicity simultaneously. 
Xiao et al. ( 2019 ) compared SNe environment metallicities from

07 Type II and 45 Type Ibc SNe from the PISCO survey with pre-
icted oxygen abundance from best-fitting BPASS stellar population 
odels (Eldridge et al. 2017 ) (that accounted for ionizing photon

eakage; fig. 9 in Xiao et al. ( 2019 )). While they do not produced
DFs, comparison of the observed and theoretical results suggest no 
lear monotonic relation between the range of metallicities, initial 
ass or ages for Type II and Ibc SNe. However, their Type II SNe

ample include all subtypes. We show in Fig. 11 that Type IIb and
In SNe have different distributions to IIP SNe, and demonstrate 
n Section 5.10.3 how inclusion of ambiguous Type II SNe can
nfluence the IIP CDF. It would be interesting to see the results of
 similar analysis using our own sample, without the contamination 
y ambiguous Type II SNe. 

 SUMMARY  A N D  C O N C L U S I O N S  

his work evaluates the metallicities of environments of Type IIP, 
ype Ib, and Type Ic SNe in host galaxies with redshift up to z ∼0.025
corresponds roughly with CMB related Hubble distance of 100 

pc). From our INT/IDS observations supplemented by archival 
USE, PISCO, and MaNGA data we obtained the environment 
etallicities of 79 Type Ib, 66 Type Ic, and 93 Type IIP SNe by

he M13-N2 calibration (63 Type Ib, 61 Type Ic, 81 Type IIP for
13-O3N2 calibration). 
The CDFs of the environment metallicities show a clear distinction 

etween Type IIP CDF and Type Ib/Ic CDFs up to a metallicity
f about 8.5 dex, which almost vanishes for higher metallicities. 
ean values and standard deviations of the three SNe types are

ignificantly different. The narrower distribution of Type Ib SNe 
MNRAS 543, 2374–2403 (2025)
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een in our Paper I does not hold with the significantly larger sample
izes. The Type Ib distribution still starts at higher metallicities than
ype IIP/Ic distributions but the difference is small and, taking into
ccount the low number of SNe in the low-metallicity range, not
ignificant. 

We tested the null hypothesis that progenitors of different SNe
ypes are taken from the same parent population, using KS and
D tests. The test of Type IIP versus Type Ib and Type Ic rejects

he null hypothesis with a statistical significance level of better than
 per cent. The significance level of Type IIP versus combined Ib + Ic
ample is even better with 0.1 per cent (see Table 4 ). This work is the
rst to present statistically significant test results with a sufficient
ample size. They give high statistical confidence of a different
hysical progenitor nature of Type IIP and Type Ib/Ic SNe. 
The result testing Type Ib versus Type Ic does not allow to reject

he null hypothesis. We cannot derive any differences in the Type
b and Type Ic progenitors from our results. The small difference
etween their CDFs suffers from low numbers of targets in the low-
etallicity range and more data of low-metallicity SNe environments

re required to assess this difference. 
We extend the study to include Type IIb and IIn SNe and analysis

f the CDFs suggest that Type IIb SN could explain the missing Type
b SN at low metallicity. However, due to low number statistics this
s not a robust result and a larger sample of Type IIb SN needs to be
ollated for this to be tested further. 

Our results challenge the stellar evolution and SNe explosion
odels to reproduce the clear distinction between Type IIP and
ypes Ib/Ic CDFs (see Fig. 4 ) as a function of metallicity. Given
ur larger sample size, the results of the statistical tests are too robust
o be ignored even when taking into account all deficiencies of strong
mission line method and clean SNe classifications. 
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Table A1. Alphabetically ordered list of observed targets. The columns are the
luminosity distance DL , absolute magnitude MB of the host galaxies, host inclina
of the target from host centre and the instruments from which we obtained data 
morphologies have been taken from NED (if not marked otherwise), luminosity d
inclination data have been taken from Hyperleda. 

Target Type Host Host type Redshift 

ASASSN14bf IIP CGCG 103-030 ? 0 .022412 
ASASSN14iz IIP ESO 462-G009 (R’)SB(r)a 0 .019277 
ASASSN14ma IIP SDSS 

J235509.00 + 101252.9 
? 0 .013700�

ASASSN15bb IIP ESO 381-IG048 WR: 0 .015878 
ASASSN15kz IIP IC 4303 Sb 0 .008022 
ASASSN15ng IIP ESO 221-G012 SBm? pec 0 .009840 
iPTF13bvn Ib NGC 5806 SAB(s)b 0 .004493 
LSQ11jw Ib KUG 0202 + 005 ? 0 .020002 
LSQ12fhh IIP UGC 02628 SB(s)bc: 0 .022729 
LSQ12fnt Ic KUG 0330-013 ? 0 .019000�

LSQ15xp IIP PGC 035624 ? 0 .012262 
PS15afa IIP NGC 3404 SBab? 0 .015364 
PS15cer Ib NGC 7349 SBb 0 .014950 
PTF11ixk Ic UGC 08399 SB(r)b 0 .024088 
SN1961V IIP NGC 1058 SA(rs)c 0 .001735 
SN1983V Ib NGC 1365 SB(s)b 0 .005457 
SN1984L Ib NGC 0991 SAB(rs)c 0 .005110 
SN1985F Ib NGC 4618 SB(rs)m 0 .001815 
SN1988L Ic NGC 5480 SA(s)c: 0 .006373 
SN1990aa Ic UGC 00540 S? 0 .016591 
SN1990U Ib NGC 7479 SB(s)c 0 .007925 
SN1991ar Ib IC 0049 SAB(s)c 0 .015204 
SN1991N Ic NGC 3310 SAB(r)bc 0 .003312 
SN1996an IIP NGC 1084 SA(s)c 0 .004707 
SN1996aq Ic NGC 5584 SAB(rs)cd 0 .005464 
SN1996D Ic NGC 1614 SB(s)c 0 .015938 
SN1997dc Ib NGC 7678 SAB(rs)c 0 .011638 
SN1997X Ib NGC 4691 (R)SB(s)0/a 0 .003736 
SN1998dt Ib NGC 0945 SB(rs)c 0 .014964 
SN1999bg IIP IC 0758 SB(rs)cd: 0 .004256 
SN1999di Ib NGC 0776 SAB(rs)b 0 .016408 
SN1999eh Ib NGC 2770 SA(s)c: 0 .006494 
SN1999em IIP NGC 1637 SAB(rs)c 0 .002392 
SN1999ex Ic IC 5179 SA(rs)bc 0 .011405 
SN1999gi IIP NGC 3184 SAB(rs)cd 0 .001941 
SN1999gn IIP NGC 4303 SAB(rs)bc 0 .005224 
SN2000de Ib NGC 4384 Sa 0 .008407 
SN2000ew Ib NGC 3810 SA(rs)c 0 .003309 
SN2000F Ic IC 0302 SB(rs)bc 0 .019694 
SN2000fn Ib NGC 2526 S? 0 .015354 
SN2001B Ib IC 0391 SA(s)c 0 .005194 
SN2001ch Ic PGC 066738 S? 0 .009773 
SN2001ci Ic NGC 3079 SB(s)c 0 .003689 
SN2001du IIP NGC 1365 SB(s)b 0 .005457 
SN2001em Ib UGC 11794 Sab 0 .019507 
SN2001fv IIP NGC 3512 SAB(rs)c 0 .004580 
SN2001is Ib NGC 1961 SAB(rs)c 0 .013122 
SN2001X IIP NGC 5921 SB(r)bc 0 .004937 
SN2002cw Ib NGC 6700 SB(rs)c 0 .015304 
SN2002dz Ib PGC 000902 SA(rs)b pec? 0 .018026 
SN2002ee IIP NGC 5772 SA(r)b: 0 .016245 
SN2002hh IIP NGC 6946 SAB(rs)cd 0 .000133 
SN2002hn Ic NGC 2532 SAB(rs)c 0 .017506 
 target name, target SN type, host galaxy name and morphology, redshift 
tion, position angle PA of the SN with respect to galaxy centre, distance dc 

(1 = IDS, 2 = MUSE, 3 = BOSS/MaNGA, 4 = PMAS/PPaK). Redshifts and 
istances and absolute B-magnitudes have been taken from GLADE + and 

DL MB Incl. PA dC instr. 
[Mpc] [mag] [◦] [◦] [′′ ] 

93 .0 −19.5 33 287 .9 5 .71 2 
87 .1 −20.3 59 306 .5 27 .43 2 

 ? ? ? 55 .9 2 .32 2 

71 .9 −19.7 59 77 .4 10 .24 2 
57 .6 −18.9 59 49 .0 7 .85 2 
41 .9 −19.6 90 342 .5 28 .28 2 
23 .1 −19.9 60 185 .4 35 .35 2 
92 .1 −18.0 90 93 .6 3 .16 3 
98 .5 −20.4 84 290 .7 4 .81 4 

 139 .4 −20.3 53 159 .6 10 .77 3 
55 .1 −18.7 40 247 .8 12 .42 2 
71 .2 −20.8 87 37 .1 4 .14 2 
68 .2 −19.7 76 353 .0 12 .59 2 

103 .9 −20.7 56 209 .6 10 .92 3 
10 .9 −18.2 58 293 .6 78 .06 4 
26 .9 −22.3 63 242 .7 64 .22 2 
16 .0 −18.8 28 245 .4 34 .86 4 
14 .7 −19.6 58 32 .8 4 .17 3 
36 .7 −20.2 41 17 .6 10 .07 4 
84 .4 −20.7 58 125 .5 14 .65 1 
36 .1 −21.8 43 202 .1 67 .27 1 
68 .1 −20.2 37 35 .5 15 .22 1 
22 .5 −20.5 16 148 .7 8 .76 4 
19 .4 −19.9 50 31 .7 26 .06 2 
20 .6 −19.7 42 240 .9 17 .86 2 
71 .3 −21.2 42 89 .8 6 .67 1 
53 .0 −21.6 43 46 .5 9 .76 1 
9 .5 −18.2 38 94 .2 9 .76 2 

68 .0 −21.0 29 210 .2 45 .69 1 
24 .6 −18.5 65 240 .3 36 .52 4 
82 .2 −21.0 18 163 .4 17 .84 4 
28 .1 −20.8 82 239 .2 15 .22 1 
7 .7 −18.0 31 226 .0 23 .76 1,4 

50 .0 −21.6 62 233 .4 27 .35 2 
13 .8 −20.3 14 357 .9 61 .65 1,4 
16 .2 −20.8 18 141 .2 50 .64 2 
43 .7 −19.7 42 14 .7 6 .50 4 
15 .2 −19.9 48 189 .9 20 .50 1 
77 .3 −21.9 51 67 .0 23 .38 1 
69 .7 −20.1 64 292 .2 13 .48 4 
23 .2 −19.2 18 240 .5 6 .67 1,4 
46 .8 −19.7 85 220 .1 14 .64 4 
19 .0 −20.9 90 351 .7 27 .69 1 
26 .9 −22.3 63 266 .2 88 .26 2 
90 .7 −20.8 78 103 .6 12 .36 1 
22 .1 −18.7 32 225 .3 23 .86 2 
55 .5 −22.8 47 153 .9 53 .03 1 
22 .7 −20.3 49 207 .5 35 .88 2 
73 .8 −21.0 50 303 .3 30 .20 1 
84 .6 −21.0 74 204 .5 11 .55 1 
73 .7 −21.2 73 25 .3 44 .56 4 
14 .5 −22.9 18 207 .5 129 .81 1 
73 .3 −21.7 36 212 .5 5 .30 1,3 
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Table A1 – continued 

Target Type Host Host type Redshift DL MB Incl. PA dC instr. 
[Mpc] [mag] [◦] [◦] [′′ ] 

SN2002ho Ic NGC 4210 SB(r)b 0 .009036 45 .8 −20.5 46 132 .8 17 .81 4 
SN2002hy Ib NGC 3464 SB(rs)c 0 .012465 55 .3 −21.0 51 328 .2 22 .03 2 
SN2002J Ic NGC 3464 SB(rs)c 0 .012465 55 .3 −21.0 51 285 .3 23 .94 2 
SN2002ji Ib NGC 3655 SA(s)c: 0 .005003 32 .4 −20.4 48 236 .3 25 .40 1,4 
SN2002jz Ib UGC 02984 SBdm: 0 .005157 18 .4 −18.2 60 197 .4 3 .90 1 
SN2003bl IIP NGC 5374 SB(r)bc? 0 .014483 61 .7 −21.2 37 130 .1 19 .89 2 
SN2003bn IIP PGC 831618 ? 0 .012769 57 .1 −19.6 75 113 .8 3 .52 2 
SN2003bp Ib NGC 2596 Sb 0 .019807 84 .2 −21.2 74 57 .4 21 .92 4 
SN2003E IIP ESO 485-G004 Sc: 0 .014673 63 .3 −19.8 90 323 .5 14 .27 2 
SN2003el Ic NGC 5000 SB(rs)bc 0 .018655 78 .1 −20.5 38 258 .7 17 .28 4 
SN2003gd IIP NGC 0628 SA(s)c 0 .002192 9 .5 −20.0 20 175 .4 160 .83 1,4 
SN2003gk Ib NGC 7460 SB(s)b pec 0 .010624 50 .3 −20.7 47 3 .5 19 .73 1 
SN2003hg IIP NGC 7771 SB(s)a 0 .014460 66 .4 −21.8 67 247 .3 10 .38 2,4 
SN2003I Ib IC 2481 S? 0 .017783 82 .6 −20.5 58 95 .8 10 .08 4 
SN2003ih Ic UGC 02836 S0-: 0 .016702 69 .9 −21.1 46 82 .3 9 .84 4 
SN2003is Ib UGC 11430 SA(s)c 0 .018286 84 .5 −19.8 15 314 .7 5 .68 1 
SN2003Z IIP NGC 2742 SA(s)c: 0 .004310 21 .2 −20.0 61 346 .1 32 .85 1 
SN2004A IIP NGC 6207 SA(s)c 0 .002842 25 .3 −20.3 65 305 .5 27 .27 1 
SN2004am IIP NGC 3034 I0 0 .000897 7 .3 −20.2 77 256 .4 32 .80 4 
SN2004ao Ib UGC 10862 SB(rs)c 0 .005641 28 .5 −19.5 53 166 .4 25 .92 1 
SN2004aw Ic NGC 3997 SBb 0 .015914 69 .0 −20.3 63 125 .1 33 .34 2 
SN2004bm Ic NGC 3437 SAB(rs)c: 0 .004260 31 .5 −20.3 73 294 .1 6 .36 1 
SN2004bs Ib NGC 3323 SB? 0 .017334 71 .7 −20.7 59 119 .8 4 .06 4 
SN2004dj IIP NGC 2403 SAB(s)cd 0 .000445 5 .6 −20.3 61 94 .1 159 .16 1 
SN2004dk Ib NGC 6118 SA(s)cd 0 .005247 24 .0 −20.5 69 6 .2 43 .36 1,2 
SN2004dn Ic UGC 02069 SAB(s)d 0 .014267 44 .0 −19.6 56 181 .3 26 .92 1 
SN2004eu Ic PGC 008915 ? 0 .021658 92 .8 −19.8 38 191 .8 8 .25 4 
SN2004fc IIP NGC 0701 SB(rs)c 0 .006104 21 .4 −19.1 62 3 .4 2 .49 1 
SN2004ge Ic UGC 03555 SAB(rs)bc 0 .015491 67 .0 −20.9 29 106 .5 6 .35 4 
SN2004gk Ic IC 3311 Sdm: −0 .000457 19 .7 −18.0 90 26 .8 3 .25 1, 
SN2004gn Ib NGC 4527 SAB(s)bc 0 .005791 10 .4 −19.2 81 69 .0 59 .08 1 
SN2004gq Ib NGC 1832 SB(r)bc 0 .006468 26 .6 −20.4 72 44 .3 30 .61 1 
SN2004gt Ic NGC 4038 SB(s)m 0 .005417 19 .4 −20.5 52 256 .1 38 .60 1,2 
SN2004gv Ib NGC 0856 (R’)SA(rs)0/a: 0 .020066 95 .4 −21.2 41 255 .6 14 .55 1 
SN2005ay IIP NGC 3938 SA(s)c 0 .002695 18 .7 −20.5 18 194 .8 58 .13 1 
SN2005az Ic NGC 4961 SB(s)cd 0 .008449 40 .4 −19.3 39 304 .7 9 .69 4 
SN2005bk Ic MCG + 07-33-027 S? 0 .024450 104 .9 −20.5 20 141 .2 7 .19 3 
SN2005bz IIP UGC 11162 S 0 .015414 71 .8 −19.4 65 58 .1 14 .58 4 
SN2005cs IIP NGC 5194 SA(s)bc 0 .001534 12 .6 −21.8 33 179 .4 66 .91 1 
SN2005kl Ic NGC 4369 (R)SA(rs)a 0 .003386 18 .1 −19.5 19 308 .1 7 .66 1 
SN2005V Ic NGC 2146 SB(s)ab 0 .002975 16 .8 −20.2 37 26 .2 3 .90 1 
SN2006be IIP IC 4582 S? 0 .007497 37 .7 −18.8 83 270 .1 5 .95 2,4 
SN2006bp IIP NGC 3953 SB(r)bc 0 .003502 16 .2 −21.0 62 33 .9 112 .05 1 
SN2006dn Ib UGC 12188 S + COMP 0 .017179 85 .3 −20.0 ? 67 .4 5 .24 1 
SN2006ei Ic NGC 0735 Sb 0 .015441 75 .0 −20.7 88 275 .7 10 .35 1 
SN2006F Ib NGC 0935 Scd: 0 .013916 57 .9 −21.3 53 10 .5 16 .99 1 
SN2006fo Ib UGC 02019 S? 0 .020392 97 .0 −20.6 48 275 .7 6 .03 1,2,3 
SN2006lc Ib NGC 7364 S0/a 0 .016161 77 .7 −21.3 52 173 .4 10 .46 2,4 
SN2006lv Ib UGC 06517 Sbc 0 .008330 40 .7 −19.0 57 45 .1 15 .29 4 
SN2006my IIP NGC 4651 SA(rs)c 0 .002669 10 .0 −18.6 49 230 .9 35 .04 2 
SN2006ov IIP NGC 4303 SAB(rs)bc 0 .005224 16 .2 −20.8 18 6 .6 51 .94 2 
SN2007aa IIP NGC 4030 SA(s)bc 0 .004863 32 .1 −20.7 47 41 .6 91 .80 1 
SN2007ag Ib UGC 05392 Scd: 0 .020711 87 .3 −19.6 90 11 .6 15 .32 4 
SN2007C Ib NGC 4981 SAB(r)bc 0 .005597 20 .1 −19.7 45 159 .1 23 .43 1,2 
SN2007fo Ib NGC 7714 SB(s)b: pec 0 .009333 44 .9 −20.1 45 351 .3 11 .92 1 
SN2007gr Ic NGC 1058 SA(rs)c 0 .001735 10 .9 −18.2 58 303 .4 28 .86 1,4 
SN2007kj Ib NGC 7803 S0/a 0 .017766 87 .7 −21.3 60 209 .9 11 .42 4 
SN2007rz Ic NGC 1590 pec 0 .012999 52 .0 −20.1 28 88 .2 9 .22 2,4 
SN2008bs Ib UGC 04085 S? 0 .024692 113 .7 −20.9 42 215 .9 11 .61 1 
SN2008cn IIP NGC 4603 SA(s)c: 0 .008647 28 .3 −20.9 45 12 .6 23 .45 2 
SN2008D Ib NGC 2770 SA(s)c: 0 .006494 28 .1 −20.8 82 325 .3 67 .58 1 
SN2008dv Ic NGC 1343 SAB(s)b: pec 0 .007375 31 .9 −20.0 67 57 .3 9 .24 1 
SN2008ew Ic IC 1236 SAB(s)c 0 .020087 88 .5 −20.9 25 312 .2 12 .94 3 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/543/3/2374/8250024 by U
niversity of Lancashire user on 13 O

ctober 2025



2394 R. Ganss et al.

M

Table A1 – continued 

Target Type Host Host type Redshift DL MB Incl. PA dC instr. 
[Mpc] [mag] [◦] [◦] [′′ ] 

SN2008gj Ic NGC 7321 SB(r)b 0 .023843 115 .4 −21.4 49 11 .8 37 .60 4 
SN2008hn Ib NGC 2545 (R)SB(r)ab 0 .011291 49 .8 −20.5 61 9 .3 18 .30 1 
SN2008X IIP NGC 4141 SBcd: 0 .006354 32 .6 −18.3 51 60 .2 9 .03 1 
SN2009B IIP UGC 04423 Sd 0 .011701 72 .2 −19.6 60 227 .1 10 .00 4 
SN2009em Ic NGC 0157 SAB(rs)bc 0 .005500 24 .2 −21.2 62 252 .6 34 .68 1 
SN2009ga IIP NGC 7678 SAB(rs)c 0 .011638 53 .0 −21.6 43 211 .2 30 .01 1 
SN2009ha Ib PGC 009923 SA(s)c pec: 0 .014750 60 .4 −20.3 42 335 .4 15 .41 1 
SN2009ie IIP NGC 1093 SABab? 0 .017612 88 .5 −20.9 53 236 .6 33 .37 4 
SN2009ii IIP UGC 03627 Sd 0 .020954 93 .3 −20.7 49 166 .7 21 .29 4 
SN2009iz Ib UGC 02175 SAB(s)bc 0 .014196 109 .4 −20.3 39 320 .4 18 .95 4 
SN2009je Ic UGC 03312 S 0 .018970 76 .7 −20.0 71 240 .4 5 .27 4 
SN2009js IIP NGC 0918 SAB(rs)c: 0 .005033 14 .7 −18.7 58 240 .4 41 .89 1 
SN2009md IIP NGC 3389 SA(s)c 0 .004346 25 .1 −20.1 66 277 .9 24 .09 2 
SN2009mi Ic IC 2151 SB(s)bc: 0 .010377 45 .6 −19.8 61 65 .6 28 .24 2 
SN2010do Ic NGC 5374 SB(r)bc? 0 .014483 61 .7 −21.2 37 268 .3 22 .68 2 
SN2010F IIP NGC 3120 SAB(s)bc: 0 .009300 41 .8 −20.3 47 249 .6 26 .34 2 
SN2010ie IIP NGC 2333 Sa 0 .015781 66 .0 −20.5 49 91 .8 29 .07 4 
SN2010io Ic UGC 04543 SAdm 0 .006538 30 .7 −18.8 45 331 .8 9 .52 1 
SN2010iz IIP UGC 03552 SBcd: 0 .016228 63 .9 −19.9 71 321 .6 8 .07 4 
SN2010jw Ic IC 2394 SB(s)b 0 .021152 87 .0 −19.7 31 360 .0 5 .81 3 
SN2010kc Ib NGC 7624 Scd: 0 .014260 66 .5 −21.2 49 289 .5 3 .96 1 
SN2010ln Ib UGC 02685 SAB(s)b 0 .016802 72 .0 −20.8 60 95 .8 21 .20 1 
SN2011bh Ic NGC 2431 (R’)SB(s)a: 0 .018943 81 .1 −20.2 27 174 .0 19 .81 4 
SN2011bm Ic IC 3918 ? 0 .022192 88 .5 −19.8 45 56 .6 5 .81 4 
SN2011cj IIP UGC 09356 S? 0 .007409 26 .7 −17.9 60 30 .1 8 .21 4 
SN2011ck IIP NGC 5425 Sd 0 .006931 36 .6 −19.8 77 297 .7 16 .07 1,4 
SN2011cl IIP IC 2373 Scd? 0 .025094 111 .6 −19.8 36 3 .8 38 .48 4 
SN2011dq IIP NGC 0337 SB(s)d 0 .005504 26 .2 −20.6 51 300 .1 40 .23 1 
SN2011fl Ib IC 1584 SB? 0 .015818 78 .7 −19.7 30 102 .9 18 .37 1 
SN2011gd Ib NGC 6186 (R’)SB(s)a 0 .009795 50 .6 −19.3 71 65 .8 2 .91 4 
SN2011it Ic PGC 067911 S? 0 .015888 76 .7 −19.8 74 49 .4 6 .90 4 
SN2011jk IIP UGC 03843 Scd: 0 .017602 70 .9 −19.5 71 322 .4 17 .31 4 
SN2012A IIP NGC 3239 IB(s)m 0 .002367 13 .0 −18.4 47 133 .7 49 .59 1 
SN2012au Ib NGC 4790 SB(rs)c:? 0 .004483 17 .0 −18.9 59 60 .7 4 .06 1,2 
SN2012bu IIP NGC 3449 SA(s)ab: 0 .010928 45 .2 −20.7 90 128 .1 45 .89 2 
SN2012C Ic NGC 2926 S? 0 .014540 63 .2 −20.0 27 289 .7 7 .09 4 
SN2012dx Ib PGC 063016 ? 0 .014844 73 .2 −19.6 68 12 .4 18 .10 4 
SN2012ec IIP NGC 1084 SA(s)c 0 .004707 19 .4 −19.9 50 358 .4 15 .50 1,2 
SN2012ej Ic IC 2166 SAB(s)bc 0 .008946 39 .1 −20.4 63 291 .9 38 .45 1 
SN2012ex Ib UGC 00838 S? 0 .022949 109 .9 −21.3 42 21 .1 4 .82 1 
SN2012gi Ic UGC 11922 Sc 0 .024190 119 .0 −19.2 38 211 .0 39 .31 4 
SN2012ho IIP MCG -01-57-021 SB(s)bc 0 .009907 48 .2 −20.0 52 104 .8 29 .30 2 
SN2013ab IIP NGC 5669 SAB(rs)cd 0 .004563 20 .1 −19.4 57 132 .0 19 .88 1 
SN2013bu IIP NGC 7331 SA(s)b 0 .002722 19 .8 −21.8 70 204 .2 55 .60 1 
SN2013ce IIP PGC 035860 ? 0 .021081 84 .5 −17.1 68 324 .9 9 .27 4 
SN2013cf IIP PGC 013858 (R’)SAB(s)a: 0 .019249 102 .4 −20.8 56 226 .1 6 .35 4 
SN2013dk Ic NGC 4038 SB(s)m 0 .005417 19 .4 −20.5 52 195 .4 15 .46 1,2 
SN2013ej IIP NGC 0628 SA(s)c 0 .002192 9 .5 −20.0 20 134 .3 129 .22 4 
SN2013ff Ic NGC 2748 SAbc 0 .004923 23 .6 −19.9 68 215 .5 25 .04 1 
SN2013ge Ic NGC 3287 SB(s)d 0 .004420 24 .5 −19.3 75 18 .6 50 .75 1 
SN2013gl Ib IC 0701 ? 0 .020474 81 .7 −20.6 47 306 .9 3 .51 2,4 
SN2014A IIP NGC 5054 SA(s)bc 0 .005811 15 .1 −19.9 57 55 .8 15 .12 1 
SN2014az IIP NGC 7691 SAB(rs)bc 0 .013479 63 .1 −20.4 37 308 .9 29 .29 4 
SN2014bc IIP NGC 4258 SAB(s)bc 0 .001494 9 .3 −21.3 68 144 .5 3 .68 1 
SN2014bi IIP NGC 4096 SAB(rs)c 0 .001908 12 .1 −20.1 81 20 .2 54 .47 1 
SN2014C Ib NGC 7331 SA(s)b 0 .002722 19 .8 −21.8 70 140 .7 31 .03 1 
SN2014cv IIP UGC 10123 Sab 0 .012506 59 .2 −19.8 90 78 .5 6 .03 4 
SN2014cx IIP NGC 0337 SB(s)d 0 .005504 26 .2 −20.6 51 303 .3 40 .23 1 
SN2014cy IIP NGC 7742 SA(r)b 0 .005534 25 .6 −19.9 17 21 .9 11 .86 2 
SN2014dj Ic NGC 0317B SB? 0 .017792 90 .5 −22.0 65 305 .6 3 .59 1 
SN2014eh Ic NGC 6907 SB(s)bc 0 .010571 46 .6 −21.9 37 223 .1 55 .19 2 
SN2014ei Ib MCG -01-13-050 Sb pec 0 .014440 53 .2 −20.9 90 262 .2 15 .57 1 
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Table A1 – continued 

Target Type Host Host type Redshift DL MB Incl. PA dC instr. 
[Mpc] [mag] [◦] [◦] [′′ ] 

SN2014L Ic NGC 4254 SA(s)c 0 .008026 16 .6 −20.8 20 220 .0 20 .78 2 
SN2015ap Ib IC 1776 SB(s)d 0 .011378 44 .8 −19.1 38 240 .2 32 .65 2 
SN2015bb Ic NGC 5772 SA(r)b: 0 .016245 73 .7 −21.2 73 244 .9 13 .21 4 
SN2015dj Ib NGC 7371 (R)SA(r)0/a: 0 .008966 43 .9 −21.1 25 50 .6 24 .76 1,2 
SN2015V IIP UGC 11000 S? 0 .004566 23 .5 −18.1 70 144 .6 8 .36 1 
SN2016aqf IIP NGC 2101 IB(s)m 0 .004016 20 .9 −18.0 69 266 .2 2 .40 2 
SN2016B IIP CGCG 012-116 S0? 0 .004336 19 .4 −16.4 53 245 .5 10 .88 2 
SN2016bau Ib NGC 3631 SA(s)c 0 .003856 20 .6 −20.6 35 293 .7 37 .81 1 
SN2016blb IIP WISEA 

J113720.57-045443.9 
? 0 .018300 77 .7 −19.6 ? 12 .1 8 .59 2 

SN2016bmi IIP IC 4721 SB(s)cd: 0 .007455 16 .9 −19.6 75 153 .6 130 .68 2 
SN2016C IIP NGC 5247 SA(s)bc 0 .004523 18 .1 −20.5 38 16 .8 111 .95 2 
SN2016ccm IIP IC 0983 SB(r)bc 0 .018156 70 .8 −21.8 31 323 .7 131 .93 2 
SN2016cok IIP NGC 3627 SAB(s)b 0 .002405 11 .4 −20.8 68 118 .9 67 .96 2 
SN2016css IIP ESO 400-G005 SA(s)c 0 .020001 92 .9 −21.9 65 136 .5 39 .85 2 
SN2016I IIP UGC 09450 Sdm: 0 .015003 60 .1 −18.4 90 240 .6 9 .01 2 
SN2016iae Ic NGC 1532 SB(s)b 0 .003468 25 .7 −21.4 83 19 .5 45 .27 2 
SN2016X IIP UGC 08041 SB(s)d 0 .004416 10 .0 −17.7 54 144 .8 74 .12 2 
SN2017cio IIP UGC 03944 Scd: 0 .013002 55 .9 −19.8 72 322 .6 30 .91 4 
SN2017ein Ic NGC 3938 SA(s)c 0 .002695 18 .7 −20.5 18 74 .3 42 .51 1 
SN2017ewx Ib NGC 5418 SB? 0 .015179 61 .4 −20.2 69 220 .3 24 .38 2 
SN2017fem IIP IC 4452 E? 0 .014212 61 .2 −19.4 21 211 .4 2 .81 2 
SN2017fvf IIP NGC 1285 (R’)SB(r)b 0 .017512 76 .2 −21.3 59 191 .4 9 .05 2 
SN2017gat Ic LEDA 686296 ? 0 .023100 91 .2 −17.6 46 49 .6 3 .64 2 
SN2017gry IIP ESO 155-G036 SO(r?) 0 .019337 91 .4 −19.8 82 153 .8 7 .12 2 
SN2017hcb Ib CGCG 505-019 ? 0 .016185 78 .6 −20.1 59 187 .0 6 .32 1 
SN2017hyf Ib UGC 01652 Sd 0 .017142 86 .0 −20.0 67 41 .8 9 .02 1 
SN2017pn IIP LEDA 959170 ? 0 .014000� ? ? 62 285 .1 2 .89 2 
SN2017rt Ic NGC 3836 Sb 0 .012208 56 .1 −20.5 40 311 .0 10 .27 2 
SN2018cew Ib NGC 7775 Scd: 0 .022549 108 .4 −21.7 34 338 .8 9 .09 1 
SN2018cho IIP IC 0004 S? 0 .016688 81 .8 −21.2 46 324 .3 10 .30 2 
SN2018ec Ic NGC 3256 pec 0 .009354 45 .2 −22.2 48 323 .1 9 .00 2 
SN2018gsk Ic NGC 1517 Scd: 0 .011615 44 .3 −20.2 34 225 .7 7 .46 1 
SN2018hfc IIP UGC 06103 pec 0 .019996 82 .6 −20.6 32 247 .9 4 .68 3 
SN2018yo IIP UGC 07840 SAB(s)d: 0 .013385 59 .0 −18.6 58 44 .0 8 .63 2 
SN2019ccm Ib UGC 03110 SBcd: 0 .014950 70 .5 −20.8 67 290 .0 14 .62 1 
SN2019cvz IIP WISEA 

J163054.20 + 463524.5 
Sd 0 .018346 81 .0 −17.9 ? 190 .5 6 .23 3 

SN2019tls Ib NGC 2514 SB(s)bc: 0 .016177 67 .9 −20.6 20 170 .6 24 .70 1 
SN2019yvr Ib NGC 4666 SABc: 0 .005047 11 .7 −19.4 70 325 .9 12 .04 2 
SN2019yxp Ib IC 0995 Sdm: 0 .010424 53 .1 −20.2 90 133 .0 11 .14 4 
SN2020aaxs Ib NGC 5394 SB(s)b 0 .011501 54 .1 −20.7 71 105 .8 3 .59 4 
SN2020eai Ib UGC 03223 SBa 0 .015621 69 .8 −21.1 62 247 .8 21 .63 1 
SN2020jfo IIP NGC 4303 SAB(rs)bc 0 .005224 16 .2 −20.8 18 293 .7 72 .16 2 
SN2020ksa Ib NGC 3478 SB(rs)bc 0 .022165 90 .8 −21.9 69 37 .5 9 .90 3 
SN2020lid Ib MCG -01-02-001 SB(s)ab pec? 0 .012372 56 .6 −19.9 71 100 .2 11 .06 1 
SN2020nac Ib UGC 00460 Scd: 0 .017392 88 .1 −21.5 56 129 .7 12 .73 1 
SN2020oi Ic NGC 4321 SAB(s)bc 0 .005240 12 .2 −20.4 24 12 .6 6 .62 2 
SN2020rur Ic UGC 03224 Sb 0 .015644 62 .2 −20.8 39 34 .9 18 .51 1 
SN2020sgf Ic UGC 02700 SBb? 0 .022009 107 .8 −21.3 81 309 .9 15 .70 1 
SN2020yyz IIP NGC 0976 SA(rs)c: 0 .014330 60 .0 −21.2 21 170 .4 10 .10 4 
SN2021aexi Ic NGC 7771 SB(s)a 0 .014460 66 .4 −21.8 67 258 .0 35 .57 2 
SN2021afuq Ic NGC 3256 pec 0 .009354 45 .2 −22.2 48 56 .4 11 .42 2 
SN2021kos Ib IC 0719 S0? 0 .006114 33 .2 −19.1 90 74 .5 7 .69 2 
SN2021ocs Ic NGC 7828 RING 0 .019110 89 .8 −20.8 90 79 .7 6 .08 2 
SN2021qip Ib UGC 01420 S? 0 .015587 75 .4 −20.1 62 17 .4 9 .67 1 
SN2021rfs Ib UGC 11946 SAB(s)c 0 .018446 92 .5 −22.0 54 213 .2 7 .57 1 
SN2021vnw Ib UGC 03596 S0? 0 .017166 70 .7 −20.9 24 280 .7 9 .97 1 
SN2021zju Ib NGC 0009 Sb: pec 0 .015104 70 .8 −19.8 68 258 .5 6 .72 1 
SN2022aang IIP UGC 04140 Sbc 0 .015711 62 .4 −20.2 90 307 .7 6 .90 4 
SN2022adui Ic LEDA 176224 Sb 0 .025908 113 .9 −19.6 56 244 .3 4 .38 3 
SN2022ibn Ic CGCG 130-008 S? 0 .024157 93 .0 −20.0 43 293 .8 7 .95 3 

Note. � Redshift of the SN taken from SN catalogues. 
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Table A2. Alphabetically ordered list of metallicities of the observed SNe environments. The columns are target name, target SN type, reference for type 
classification, J2000.0 target coordinates and measured environment metallicities by N2 and O3N2 method based on the M13 calibration. The uncertainties 
are dominated by the calibration uncertainties in all cases, which are ±0.16 dex for M13-N2, ±0.18 dex for M13-O3N2 (all uncertainties are 1 σ values as 
given in Marino et al. 2013 and and correspond to the uncertainty on the final metallicity). The metallicities for the older PP04 calibration may be calculated 
from M13 values using equations ( 1 ) and ( 2 ), respectively. 

Target Type Type reference SN RA SN Dec M13-N2 M13-O3N2 
[h m s] [◦ ′ ′′ ] 12 + log(O/H) 12 + log(O/H) 

ASASSN14bf IIP Prieto et al. ( 2014 ) 13:58:12.75 + 17:31:53.66 8.60 - 
ASASSN14iz IIP Stritzinger, Hsiao & Taddia ( 2014 ) 20:21:49.84 −31:17:06.78 8.55 - 
ASASSN14ma IIP Zhang & Wang ( 2014b ) 23:55:09.13 + 10:12:54.20 8.35 8.30 
ASASSN15bb IIP Milisavljevic et al. ( 2015 ) 13:01:06.38 −36:36:00.17 8.28 8.25 
ASASSN15kz IIP Challis et al. ( 2015 ) 13:37:18.67 −28:39:23.55 8.23 8.24 
ASASSN15ng IIP Shappee et al. ( 2015 ) 13:51:31.65 −48:04:33.73 8.39 8.33 
iPTF13bvn Ib Shivvers et al. ( 2019 ) 15:00:00.18 + 01:52:53.50 8.55 8.61 
LSQ11jw Ib Sanders et al. ( 2012 ) 02:04:47.40 + 00:50:06.00 8.37 8.35 
LSQ12fhh IIP Hadjiyska et al. ( 2012 ) 03:16:31.54 −00:28:03.60 8.60 8.57 
LSQ12fnt Ic Benitez et al. ( 2012 ) 03:32:41.40 −01:11:11.00 8.55 8.54 
LSQ15xp IIP Cartier et al. ( 2015 ) 11:32:42.79 −16:44:01.20 8.32 8.26 
PS15afa IIP Frohmaier et al. ( 2015 ) 10:50:18.15 −12:06:28.10 8.64 - 
PS15cer Ib Pan et al. ( 2015b ) 22:41:14.79 −21:47:42.10 8.46 8.41 
PTF11ixk Ic Gal-Yam et al. ( 2011 ) 13:21:45.03 + 31:14:04.60 8.54 8.51 
SN1961V IIP Utrobin ( 1984 ) 02:43:24.00 + 37:21:00.00 8.42 8.24 
SN1983V Ib Wheeler et al. ( 1987 ) 03:33:31.66 −36:08:54.89 8.53 8.57 
SN1984L Ib Harkness et al. ( 1987 ) 02:35:30.55 −07:09:30.49 8.43 8.41 
SN1985F Ib Shivvers et al. ( 2019 ) 12:41:33.05 + 41:09:06.30 8.36 8.30 
SN1988L Ic Shivvers et al. ( 2019 ) 14:06:21.90 + 50:43:40.00 8.54 8.57 
SN1990aa Ic Shivvers et al. ( 2019 ) 00:52:59.22 + 29:01:48.30 8.41 8.36 
SN1990U Ib Shivvers et al. ( 2019 ) 23:04:54.92 + 12:18:20.09 8.55 - 
SN1991ar Ib Shivvers et al. ( 2019 ) 00:43:56.72 + 01:51:13.39 8.48 8.43 
SN1991N Ic Shivvers et al. ( 2019 ) 10:38:46.37 + 53:30:04.72 8.48 8.37 
SN1996an IIP Tsvetkov, Pavlyuk & Pavlenko ( 2001 ) 02:46:00.83 −07:34:20.32 8.49 8.52 
SN1996aq Ic Nakano et al. ( 1996 ) 14:22:22.73 −00:23:24.29 8.48 8.49 
SN1996D Ic Drissen et al. ( 1996 ) 04:34:00.30 −08:34:43.98 8.56 8.46 
SN1997dc Ib Shivvers et al. ( 2019 ) 23:28:28.41 + 22:25:23.02 8.53 8.57 
SN1997X Ib Shivvers et al. ( 2019 ) 12:48:14.28 −03:19:58.51 8.53 8.55 
SN1998dt Ib Shivvers et al. ( 2019 ) 02:28:35.72 −10:32:59.78 8.54 - 
SN1999bg IIP Poznanski et al. ( 2009 ) 12:04:07.30 + 62:30:01.19 8.38 8.36 
SN1999di Ib Shivvers et al. ( 2019 ) 01:59:54.86 + 23:38:22.70 8.56 8.59 
SN1999eh Ib Jha et al. ( 1999 ) 09:09:32.67 + 33:07:16.90 8.45 - 
SN1999em IIP Galbany et al. ( 2016 ) 04:41:27.04 −02:51:45.22 8.58 8.61 
SN1999ex Ic Hamuy et al. ( 1999 ) 22:16:07.27 −36:50:53.70 8.59 8.52 
SN1999gi IIP Leonard et al. ( 2002 ) 10:18:16.66 + 41:26:28.21 8.49 8.63 
SN1999gn IIP Kuncarayakti et al. ( 2013 ) 12:21:57.02 + 04:27:45.61 8.56 8.53 
SN2000de Ib Turatto et al. ( 2000 ) 12:25:12.17 + 54:30:28.69 8.49 8.47 
SN2000ew Ib Shivvers et al. ( 2019 ) 11:40:58.52 + 11:27:55.91 8.50 8.67 
SN2000F Ic Garnavich et al. ( 2000 ) 03:12:52.71 + 04:42:34.42 8.56 - 
SN2000fn Ib Shivvers et al. ( 2019 ) 08:06:57.79 + 08:00:19.30 8.51 8.50 
SN2001B Ib Shivvers et al. ( 2019 ) 04:57:19.24 + 78:11:16.51 8.51 8.49 
SN2001ch Ic Shivvers et al. ( 2019 ) 21:25:59.19 −03:48:46.80 8.13 8.14 
SN2001ci Ic Shivvers et al. ( 2019 ) 10:01:57.33 + 55:41:14.60 8.57 8.50 
SN2001du IIP Wang et al. ( 2001 ) 03:33:29.10 −36:08:31.20 8.54 8.59 
SN2001em Ib Shivvers et al. ( 2019 ) 21:42:23.66 + 12:29:50.89 8.54 - 
SN2001fv IIP Matheson et al. ( 2001b ) 11:04:01.66 + 28:01:55.70 8.58 8.56 
SN2001is Ib Shivvers et al. ( 2019 ) 05:42:09.07 + 69:21:54.79 8.50 8.39 
SN2001X IIP Anupama & Sahu ( 2002 ) 15:21:55.45 + 05:03:42.08 8.54 8.63 
SN2002cw Ib Filippenko, Brotherton & Nandra 

( 2002a ) 
18:46:02.40 + 32:17:03.19 8.61 - 

SN2002dz Ib Shivvers et al. ( 2019 ) 00:13:34.08 −05:05:45.71 8.52 8.49 
SN2002ee IIP Filippenko et al. ( 2002b ) 14:51:40.55 + 40:36:37.30 8.52 8.43 
SN2002hh IIP Pozzo et al. ( 2006 ) 20:34:44.29 + 60:07:18.98 8.53 8.54 
SN2002hn Ic Shivvers et al. ( 2019 ) 08:10:14.95 + 33:57:19.40 8.48 8.60 
SN2002ho Ic Shivvers et al. ( 2019 ) 12:15:17.97 + 65:58:55.09 8.55 8.57 
SN2002hy Ib Shivvers et al. ( 2019 ) 10:54:39.18 −21:03:41.18 8.54 8.59 
SN2002J Ic Shivvers et al. ( 2019 ) 10:54:38.36 −21:03:53.60 8.55 8.58 
SN2002ji Ib Shivvers et al. ( 2019 ) 11:22:53.15 + 16:35:10.00 8.53 8.53 
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Table A2 – continued 

Target Type Type reference SN RA SN Dec M13-N2 M13-O3N2 
[h m s] [◦ ′ ′′ ] 12 + log(O/H) 12 + log(O/H) 

SN2002jz Ib Shivvers et al. ( 2019 ) 04:13:12.52 + 13:25:07.28 8.23 8.22 
SN2003bl IIP Jones et al. ( 2009 ) 13:57:30.65 + 06:05:36.38 8.61 8.55 
SN2003bn IIP Jones et al. ( 2009 ) 10:02:35.51 −21:10:54.52 8.45 8.40 
SN2003bp Ib Berlind, Matheson & Calkins ( 2003 ) 08:27:27.81 + 17:17:14.50 8.55 8.51 
SN2003E IIP Galbany et al. ( 2016 ) 04:39:10.88 −24:10:36.52 8.29 8.30 
SN2003el Ic Matheson et al. ( 2003b ) 13:09:46.20 + 28:54:21.60 8.58 8.61 
SN2003gd IIP Van Dyk, Li & Filippenko ( 2003 ) 01:36:42.65 + 15:44:20.90 8.49 8.43 
SN2003gk Ib Matheson et al. ( 2003c ) 23:01:42.99 + 02:16:08.69 8.52 8.49 
SN2003hg IIP Galbany et al. ( 2016 ) 23:51:24.13 + 20:06:38.30 8.57 8.58 
SN2003I Ib Shivvers et al. ( 2019 ) 09:27:29.48 + 03:55:45.59 8.47 8.41 
SN2003ih Ic Shivvers et al. ( 2019 ) 03:43:57.72 + 39:17:43.91 8.59 8.58 
SN2003is Ib Shivvers et al. ( 2019 ) 19:21:08.00 + 43:19:35.40 8.53 - 
SN2003Z IIP Spiro et al. ( 2014 ) 09:07:32.46 + 60:29:17.48 8.54 8.37 
SN2004A IIP Hendry et al. ( 2006 ) 16:43:01.90 + 36:50:12.52 8.49 - 
SN2004am IIP Mattila et al. ( 2004 ) 09:55:46.61 + 69:40:38.10 8.61 8.59 
SN2004ao Ib Shivvers et al. ( 2019 ) 17:28:09.35 + 07:24:55.51 8.48 8.44 
SN2004aw Ic Shivvers et al. ( 2019 ) 11:57:50.24 + 25:15:55.12 8.47 8.45 
SN2004bm Ic Shivvers et al. ( 2019 ) 10:52:35.33 + 22:56:05.50 8.55 8.61 
SN2004bs Ib Shivvers et al. ( 2019 ) 10:39:39.30 + 25:19:19.88 8.52 8.52 
SN2004dj IIP Patat et al. ( 2004 ) 07:37:17.02 + 65:35:57.80 8.41 8.38 
SN2004dk Ib Shivvers et al. ( 2019 ) 16:21:48.93 −02:16:17.29 8.38 8.48 
SN2004dn Ic Shivvers et al. ( 2019 ) 02:35:37.30 + 37:37:54.19 8.38 8.29 
SN2004eu Ic Shivvers et al. ( 2019 ) 02:20:34.86 + 41:34:18.52 8.51 8.53 
SN2004fc IIP Martinez et al. ( 2022a ) 01:51:03.85 −09:42:06.91 8.52 8.53 
SN2004ge Ic Shivvers et al. ( 2019 ) 06:50:00.13 + 25:38:02.00 8.54 8.58 
SN2004gk Ic Shivvers et al. ( 2019 ) 12:25:33.21 + 12:15:40.10 8.47 8.45 
SN2004gn Ib Shivvers et al. ( 2019 ) 12:34:12.10 + 02:39:34.42 8.50 8.62 
SN2004gq Ib Shivvers et al. ( 2019 ) 05:12:04.81 −15:40:54.19 8.55 8.56 
SN2004gt Ic Shivvers et al. ( 2019 ) 12:01:50.37 −18:52:12.68 8.53 8.53 
SN2004gv Ib Shivvers et al. ( 2019 ) 02:13:37.42 −00:43:05.81 8.50 8.55 
SN2005ay IIP Danziger et al. ( 2006 ) 11:52:48.07 + 44:06:18.40 8.53 8.58 
SN2005az Ic Modjaz et al. ( 2014 ) 13:05:46.97 + 27:44:08.41 8.44 8.47 
SN2005bk Ic Shivvers et al. ( 2019 ) 16:02:17.04 + 42:54:55.30 8.56 8.59 
SN2005bz IIP Aldering et al. ( 2005 ) 18:13:01.73 + 29:41:51.50 8.40 8.37 
SN2005cs IIP Danziger et al. ( 2006 ) 13:29:52.78 + 47:10:35.69 8.43 - 
SN2005kl Ic Shivvers et al. ( 2019 ) 12:24:35.68 + 39:23:03.52 8.51 8.53 
SN2005V Ic Harutyunyan et al. ( 2008 ) 06:18:38.28 + 78:21:28.80 8.59 8.54 
SN2006be IIP Martinez et al. ( 2022a ) 15:45:39.00 + 28:05:19.21 8.56 8.45 
SN2006bp IIP Immler et al. ( 2007 ) 11:53:55.74 + 52:21:09.40 8.53 8.58 
SN2006dn Ib Antilogus et al. ( 2006 ) 22:47:37.84 + 39:52:46.81 8.44 8.39 
SN2006ei Ic Shivvers et al. ( 2019 ) 01:56:37.15 + 34:10:37.42 8.61 - 
SN2006F Ib Baek et al. ( 2006 ) 02:28:11.37 + 19:36:13.50 8.57 8.59 
SN2006fo Ib Shivvers et al. ( 2019 ) 02:32:38.89 + 00:37:03.00 8.53 8.53 
SN2006lc Ib Shivvers et al. ( 2019 ) 22:44:24.45 −00:09:53.89 8.58 8.57 
SN2006lv Ib Shivvers et al. ( 2019 ) 11:32:03.30 + 36:42:03.60 8.49 8.50 
SN2006my IIP Li et al. ( 2007 ) 12:43:40.74 + 16:23:14.10 8.54 8.48 
SN2006ov IIP Li et al. ( 2007 ) 12:21:55.30 + 04:29:16.69 8.52 8.60 
SN2007aa IIP Martinez et al. ( 2022a ) 12:00:27.69 −01:04:51.60 8.51 8.50 
SN2007ag Ib Shivvers et al. ( 2019 ) 10:01:35.99 + 21:36:42.01 8.46 8.38 
SN2007C Ib Shivvers et al. ( 2019 ) 13:08:49.30 −06:47:01.00 8.58 8.59 
SN2007fo Ib Shivvers et al. ( 2019 ) 23:36:13.98 + 02:09:30.38 8.53 8.40 
SN2007gr Ic Shivvers et al. ( 2019 ) 02:43:27.98 + 37:20:44.70 8.52 8.55 
SN2007kj Ib Shivvers et al. ( 2019 ) 00:01:19.58 + 13:06:30.60 8.62 - 
SN2007rz Ic Modjaz et al. ( 2014 ) 04:31:10.84 + 07:37:51.49 8.54 8.61 
SN2008bs Ib Shivvers et al. ( 2019 ) 07:55:18.88 + 53:19:43.39 8.59 8.54 
SN2008cn IIP Elias-Rosa et al. ( 2009 ) 12:40:55.66 −40:58:12.11 8.55 8.57 
SN2008D Ib Shivvers et al. ( 2019 ) 09:09:30.65 + 33:08:20.29 8.48 8.46 
SN2008dv Ic Shivvers et al. ( 2019 ) 03:37:51.43 + 72:34:21.79 8.55 8.55 
SN2008ew Ic Shivvers et al. ( 2019 ) 16:58:28.92 + 20:02:38.00 8.54 8.57 
SN2008gj Ic Shivvers et al. ( 2019 ) 22:36:28.57 + 21:37:55.31 8.54 8.42 
SN2008hn Ib Shivvers et al. ( 2019 ) 08:14:14.25 + 21:21:37.91 8.53 8.59 
SN2008X IIP Blondin & Calkins ( 2008 ) 12:09:48.33 + 58:51:01.58 8.26 8.23 
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Table A2 – continued 

Target Type Type reference SN RA SN Dec M13-N2 M13-O3N2 
[h m s] [◦ ′ ′′ ] 12 + log(O/H) 12 + log(O/H) 

SN2009B IIP Challis & Calkins ( 2009 ) 08:30:51.47 + 74:41:08.09 8.39 8.34 
SN2009em Ic Navasardyan & Benetti ( 2009 ) 00:34:44.53 −08:23:57.59 8.51 8.55 
SN2009ga IIP Challis ( 2009 ) 23:28:26.78 + 22:24:50.62 8.53 8.54 
SN2009ha Ib Shivvers et al. ( 2019 ) 02:36:58.21 −05:20:43.19 8.52 8.51 
SN2009ie IIP Fynbo et al. ( 2009 ) 02:48:13.90 + 34:24:52.81 8.48 8.43 
SN2009ii IIP Milisavljevic, Parrent & Fesen ( 2009 ) 07:01:05.58 + 51:15:50.18 8.47 8.40 
SN2009iz Ib Shivvers et al. ( 2019 ) 02:42:15.41 + 42:23:50.10 8.47 8.45 
SN2009je Ic Morrell & Phillips ( 2009 ) 05:28:40.07 + 22:06:46.40 8.57 8.63 
SN2009js IIP Silverman, Kandrashoff & Filippenko 

( 2009 ) 
02:25:48.28 + 18:29:25.80 8.54 - 

SN2009md IIP Sollerman et al. ( 2009 ) 10:48:26.28 + 12:32:02.80 8.45 8.42 
SN2009mi Ic Shivvers et al. ( 2019 ) 05:52:38.23 −17:47:02.51 8.46 8.41 
SN2010do Ic Shivvers et al. ( 2019 ) 13:57:28.11 + 06:05:48.52 8.55 8.57 
SN2010F IIP Foley ( 2010 ) 10:05:21.05 −34:13:21.00 8.53 8.54 
SN2010ie IIP Challis, Marion & Willner ( 2010a ) 07:08:23.71 + 35:10:11.21 8.65 - 
SN2010io Ic Milisavljevic & Fesen ( 2010 ) 08:43:21.41 + 45:44:17.99 8.31 8.24 
SN2010iz IIP Challis, Marion & Calkins ( 2010b ) 06:49:50.94 + 28:22:22.12 8.49 8.48 
SN2010jw Ic Kirshner, Challis & Matheson ( 2010 ) 08:47:06.91 + 28:14:17.41 8.55 8.48 
SN2010kc Ib Shivvers et al. ( 2019 ) 23:20:22.33 + 27:18:57.82 8.51 8.60 
SN2010ln Ib Narayan & Marion ( 2010 ) 03:20:53.62 + 38:15:11.92 8.57 8.54 
SN2011bh Ic Marion ( 2011 ) 07:45:13.62 + 53:04:10.70 8.61 - 
SN2011bm Ic Valenti et al. ( 2012 ) 12:56:53.89 + 22:22:28.20 8.33 8.28 
SN2011cj IIP Li et al. ( 2011 ) 14:32:53.81 + 11:35:49.31 8.42 8.38 
SN2011ck IIP Newton et al. ( 2011 ) 14:00:46.24 + 48:26:45.38 8.44 8.42 
SN2011cl IIP Drake et al. ( 2011 ) 08:26:49.16 + 20:22:31.80 8.38 8.34 
SN2011dq IIP Monard, Valenti & Benetti ( 2011 ) 00:59:47.75 −07:34:20.50 8.37 8.31 
SN2011fl Ib Magill et al. ( 2011 ) 00:47:19.93 + 27:49:35.51 8.56 - 
SN2011gd Ib Shivvers et al. ( 2019 ) 16:34:25.67 + 21:32:28.39 8.56 8.61 
SN2011it Ic Sanders et al. ( 2012 ) 22:02:44.45 + 31:41:49.09 8.45 8.42 
SN2011jk IIP Howerton et al. ( 2011 ) 07:25:43.05 + 20:06:21.71 8.20 8.26 
SN2012A IIP Roy & Chakraborti ( 2012 ) 10:25:07.39 + 17:09:14.62 8.20 8.16 
SN2012au Ib Shivvers et al. ( 2019 ) 12:54:52.18 −10:14:50.21 8.49 8.49 
SN2012bu IIP Morrell et al. ( 2012 ) 10:52:56.53 −32:56:07.69 8.58 8.51 
SN2012C Ic Magill, Kotak & Wright ( 2012 ) 09:37:30.48 + 32:50:31.49 8.55 8.53 
SN2012dx Ib Ciabattari et al. ( 2012 ) 19:17:17.35 + 33:25:48.68 8.50 8.46 
SN2012ec IIP Monard et al. ( 2012 ) 02:45:59.88 −07:34:27.01 8.52 8.51 
SN2012ej Ic Grennan et al. ( 2012 ) 06:26:51.01 + 59:05:02.62 8.49 8.48 
SN2012ex Ib Turatto et al. ( 2012 ) 01:18:45.97 + 14:59:40.20 8.55 8.55 
SN2012gi Ic Kankare, Romero-Canizales & Mattila 

( 2012 ) 
22:08:52.44 + 40:20:24.00 8.45 8.44 

SN2012ho IIP Itagaki et al. ( 2012 ) 22:40:17.02 −02:25:34.10 8.44 8.41 
SN2013ab IIP Silverman et al. ( 2013 ) 14:32:44.49 + 09:53:12.30 8.53 - 
SN2013bu IIP Valenti et al. ( 2016 ) 22:37:02.17 + 34:24:05.18 8.54 8.50 
SN2013ce IIP Balanutsa et al. ( 2013 ) 11:35:50.80 + 34:17:02.69 8.09 8.12 
SN2013cf IIP Arbour et al. ( 2013 ) 11:34:36.49 + 54:53:24.40 8.52 8.44 
SN2013dk Ic Shivvers et al. ( 2019 ) 12:01:52.72 −18:52:18.30 8.57 8.61 
SN2013ej IIP Leonard et al. ( 2013 ) 01:36:48.16 + 15:45:31.00 8.50 8.54 
SN2013ff Ic Brimacombe et al. ( 2013 ) 09:13:38.88 + 76:28:10.81 8.52 8.50 
SN2013ge Ic Shivvers et al. ( 2019 ) 10:34:48.46 + 21:39:41.90 8.48 8.42 
SN2013gl Ib Shivvers et al. ( 2019 ) 11:31:00.48 + 20:28:10.31 8.50 8.49 
SN2014A IIP Kim et al. ( 2014 ) 13:16:59.36 −16:37:57.00 8.53 8.57 
SN2014az IIP Parker et al. ( 2014 ) 23:32:22.84 + 15:51:10.58 8.37 8.39 
SN2014bc IIP Zheng & Filippenko ( 2014 ) 12:18:57.71 + 47:18:11.30 8.64 - 
SN2014bi IIP Zhang & Wang ( 2014a ) 12:06:02.99 + 47:29:33.50 8.52 - 
SN2014C Ib Shivvers et al. ( 2019 ) 22:37:05.60 + 34:24:31.90 8.65 - 
SN2014cv IIP Kumar et al. ( 2014 ) 15:59:03.59 + 51:18:18.00 8.58 8.55 
SN2014cx IIP Andrews et al. ( 2015 ) 00:59:47.83 −07:34:18.59 8.37 8.28 
SN2014cy IIP Valenti et al. ( 2016 ) 23:44:16.03 + 10:46:12.50 8.60 8.54 
SN2014dj Ic Shivvers et al. ( 2019 ) 00:57:40.18 + 43:47:34.19 8.62 8.52 
SN2014eh Ic Shivvers et al. ( 2019 ) 20:25:03.86 −24:49:13.30 8.58 8.46 
SN2014ei Ib Shivvers et al. ( 2019 ) 05:03:16.39 −02:56:11.00 8.53 8.45 
SN2014L Ic Shivvers et al. ( 2019 ) 12:18:48.68 + 14:24:43.49 8.48 8.61 
SN2015ap Ib Shivvers et al. ( 2019 ) 02:05:13.32 + 06:06:08.39 8.27 8.22 
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Table A2 – continued 

Target Type Type reference SN RA SN Dec M13-N2 M13-O3N2 
[h m s] [◦ ′ ′′ ] 12 + log(O/H) 12 + log(O/H) 

SN2015bb Ic Shima ( 2015 ) 14:51:37.83 + 40:35:51.40 8.55 8.59 
SN2015dj Ib Shivvers et al. ( 2019 ) 22:46:05.04 −10:59:48.40 8.55 - 
SN2015V IIP Zhang & Wang ( 2015 ) 17:49:27.05 + 36:08:35.99 8.36 8.31 
SN2016aqf IIP Müller-Bravo et al. ( 2020 ) 05:46:23.91 −52:05:18.86 8.17 8.17 
SN2016B IIP Nakaoka et al. ( 2016 ) 11:55:04.25 + 01:43:06.78 8.26 8.25 
SN2016bau Ib Benetti et al. ( 2016 ) 11:20:59.02 + 53:10:25.60 8.53 - 
SN2016blb IIP Balam ( 2016a ) 11:37:20.70 −04:54:36.50 8.41 8.38 
SN2016bmi IIP Johansson et al. ( 2016 ) 18:34:32.19 −58:31:44.80 8.35 - 
SN2016C IIP Sahu et al. ( 2016 ) 13:38:05.30 −17:51:15.30 8.59 8.51 
SN2016ccm IIP Balam ( 2016b ) 14:09:58.90 + 17:45:48.10 8.51 - 
SN2016cok IIP Zhang et al. ( 2016a ) 11:20:19.03 + 12:58:56.64 8.51 8.57 
SN2016css IIP Morrell & Shappee ( 2016 ) 20:16:53.44 −36:59:42.00 8.45 8.39 
SN2016I IIP Xin & Zhang ( 2016 ) 14:39:44.73 + 23:23:43.27 8.12 8.15 
SN2016iae Ic Zhang et al. ( 2016b ) 04:12:05.53 −32:51:44.53 8.56 8.52 
SN2016X IIP Arcavi et al. ( 2016 ) 12:55:15.50 + 00:05:59.35 8.34 8.33 
SN2017cio IIP Zheng et al. ( 2017 ) 07:38:34.92 + 37:38:25.16 8.35 8.30 
SN2017ein Ic Xiang et al. ( 2017 ) 11:52:53.25 + 44:07:26.11 8.52 - 
SN2017ewx Ib Kilpatrick ( 2017 ) 14:02:16.53 + 07:40:44.40 8.60 - 
SN2017fem IIP Stritzinger & Fraser ( 2017 ) 14:32:27.32 + 27:25:36.30 8.54 8.53 
SN2017fvf IIP Stritzinger & Fraser ( 2017 ) 03:17:53.31 −07:18:00.97 8.52 8.58 
SN2017gat Ic Lyman et al. ( 2017a ) 23:53:17.03 −32:46:32.84 8.14 8.24 
SN2017gry IIP Uddin et al. ( 2017 ) 03:28:07.94 −56:34:41.99 8.55 8.59 
SN2017hcb Ib Xhakaj et al. ( 2017 ) 02:36:23.72 + 31:42:34.83 8.53 8.50 
SN2017hyf Ib Dimitriadis et al. ( 2017 ) 02:09:33.01 + 21:14:56.22 8.44 - 
SN2017pn IIP Kilpatrick et al. ( 2017 ) 04:46:24.59 −11:59:18.25 8.28 8.29 
SN2017rt Ic Taddia et al. ( 2017b ) 11:43:29.26 −16:47:37.27 8.43 8.40 
SN2018cew Ib Sharma et al. ( 2018 ) 23:52:24.20 + 28:46:30.07 8.51 8.52 
SN2018cho IIP Sharma et al. ( 2018 ) 00:13:26.52 + 17:29:19.57 8.57 8.58 
SN2018ec Ic Berton et al. ( 2018 ) 10:27:50.77 −43:54:06.30 8.55 8.55 
SN2018gsk Ic Prentice ( 2018 ) 04:09:11.57 + 08:38:50.49 8.53 8.54 
SN2018hfc IIP Fremling, Dugas & Sharma ( 2018 ) 11:01:58.58 + 45:13:39.14 8.59 8.54 
SN2018yo IIP Zhang & Wang ( 2018 ) 12:41:11.16 −01:35:19.79 8.34 8.31 
SN2019ccm Ib Fremling, Dugas & Sharma ( 2019 ) 04:41:05.37 + 73:40:23.29 8.54 - 
SN2019cvz IIP Tucker et al. ( 2019 ) 16:30:54.08 + 46:35:18.47 8.31 8.30 
SN2019tls Ib Do et al. ( 2019 ) 08:02:49.92 + 15:48:05.40 8.47 - 
SN2019yvr Ib Dimitriadis ( 2019 ) 12:45:08.14 −00:27:32.83 8.56 8.50 
SN2019yxp Ib Benetti ( 2020 ) 14:16:32.13 + 57:48:28.80 8.34 8.29 
SN2020aaxs Ib Dahiwale & Fremling ( 2020f ) 13:58:33.94 + 37:27:11.52 8.64 8.60 
SN2020eai Ib Perley et al. ( 2020 ) 04:59:08.05 + 04:58:21.81 8.59 8.58 
SN2020jfo IIP Teja et al. ( 2022 ) 12:21:50.48 + 04:28:54.05 8.56 8.59 
SN2020ksa Ib Dahiwale & Fremling ( 2020b ) 10:59:27.94 + 46:07:28.45 8.53 8.60 
SN2020lid Ib Schweyer et al. ( 2020 ) 00:20:00.78 −06:20:04.06 8.48 8.46 
SN2020nac Ib Dahiwale & Fremling ( 2020a ) 00:43:24.64 + 50:40:28.06 8.45 8.42 
SN2020oi Ic Siebert et al. ( 2020 ) 12:22:54.93 + 15:49:24.96 8.42 8.62 
SN2020rur Ic Dahiwale & Fremling ( 2020c ) 04:59:21.80 + 05:37:21.07 8.57 8.51 
SN2020sgf Ic Dahiwale & Fremling ( 2020d ) 03:22:52.76 + 42:33:22.07 8.55 - 
SN2020yyz IIP Dahiwale & Fremling ( 2020e ) 02:34:00.14 + 20:58:26.44 8.50 8.55 
SN2021aexi Ic Ragosta et al. ( 2021 ) 23:51:22.34 + 20:06:34.90 8.59 8.57 
SN2021afuq Ic Seitenzahl et al. ( 2021 ) 10:27:52.15 −43:54:07.17 8.56 8.53 
SN2021kos Ib Perley et al. ( 2021 ) 11:40:19.01 + 09:00:37.66 8.55 8.57 
SN2021ocs Ic Huber ( 2021 ) 00:06:27.48 −13:24:56.91 8.59 8.50 
SN2021qip Ib Cartier, Seron & Corco ( 2021 ) 01:56:43.73 + 15:01:02.53 8.56 8.56 
SN2021rfs Ib Srivastav et al. ( 2021 ) 22:11:38.57 + 46:18:28.26 8.52 8.63 
SN2021vnw Ib Chu, Dahiwale & Fremling ( 2021b ) 06:55:34.87 + 39:45:53.75 8.58 - 
SN2021zju Ib Bruch et al. ( 2021 ) 00:08:54.22 + 23:48:59.76 8.46 8.36 
SN2022aang IIP Hinkle ( 2022 ) 07:59:21.837 + 18:06:40.92 8.39 8.31 
SN2022adui Ic Do ( 2023 ) 03:27:30.547 −01:07:41.70 8.50 8.50 
SN2022ibn Ic Fremling et al. ( 2022 ) 13:06:14.583 + 25:27:41.21 8.47 8.43 
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igure B1 Distribution of MB luminosities of the host galaxies for the 
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Table C1. Supplementary table with host data of archival Type IIb and Type IIn 

Target Type Host Host type R

ASASSN14az IIb WISEA 

J234448.30 −020653.1 
? 0.

PS15apj IIb NGC 6641 S? 0.
SN1987K IIb NGC 4651 SA(rs)c 0.
SN1996cr IIn ESO 097-G013 SA(s)b 0.
SN1998fa IIb UGC 03513 Scd: 0.
SN1998S IIn NGC 3877 SA(s)c: 0.
SN2000bg IIn NGC 6240 I0: 0.
SN2000cl IIn NGC 3318 SAB(rs)b 0.
SN2000P IIn NGC 4965 SAB(s)d 0.
SN2002au IIb UGC 05100 SB(s)b 0.
SN2003as IIn MCG + 08-10-007 ? 0.
SN2003G IIn IC 0208 SAbc 0.
SN2003ki IIb MCG + 11-10-034 ? 0.
SN2004C IIb NGC 3683 SB(s)c? 0.
SN2004ff IIb ESO 552-G040 SB(s)ab: 0.
SN2004gj IIb IC 0701 ? 0.
SN2005db IIn NGC 0214 SAB(r)c 0.
SN2005ip IIn NGC 2906 Scd: 0.
SN2005kd IIn CGCG 327-013 ? 0.
SN2006am IIn NGC 5630 Sdm: 0.
SN2006jd IIn UGC 04179 SBb 0.
SN2007ay IIb UGC 04310 SA(s)m 0.
SN2007bb IIn UGC 03627 Sd 0.
SN2008aq IIb PGC 043458 SB(s)m 0.
SN2008ax IIb NGC 4490 SB(s)d 0.
SN2008B IIn NGC 5829 SA(s)c 0.
SN2008bo IIb NGC 6643 SA(rs)c 0.
SN2008ie IIb NGC 1070 Sb 0.
SN2008J IIn MCG -02-07-033 SBbc? 0.
SN2008V IIb NGC 1591 SB(r)ab 0.
SN2009K IIb NGC 1620 SAB(rs)bc 0.
SN2010bt IIn NGC 7130 Sa 0.
SN2011an IIn UGC 04139 SA(s)c 0.
SN2011ei IIb NGC 6925 SA(s)bc 0.
SN2011fh IIn NGC 4806 SB(s)c? 0.
SN2011jg IIb UGC 10331 S 0.
SN2012an IIb NGC 6373 SAB(s)c 0.
SN2012cd IIb PGC 046714 Sb 0.
SN2012P IIb NGC 5806 SAB(s)b 0.
SN2013fc IIn ESO 154-G010 (R’)SB(r)a 0.
SN2013ha IIn MCG + 11-08-025 S? 0.
SN2014ds IIb NGC 2536 SB(rs)c 0.
SN2014ee IIn UGC 04132 Sbc 0.
SN2014es IIn MCG -01-24-012 SAB(rs)c: 0.
SN2015bf IIn NGC 7653 Sb 0.
SN2016bas IIb ESO 163-G011 SB(s)b? 0.
SN2016blt IIb ESO 271-G026 (R’)SB0∧ + (rs) 0.
SN2016gkg IIb NGC 0613 SB(rs)bc 0.
SN2017gfh IIb PGC 1311562 ? 0.
SN2017ixz IIb LEDA 1788023 ? 0.
SN2017mw IIb ESO 316-G007 Sa-b 0.
SN2018ddr IIb UGC 08896 S? 0.
SN2019pqo IIb NGC 5980 S 0.
SN2020tlf IIn NGC 5731 S? 0.
SN2021aefs IIn NGC 3836 Sb 0.
SN2021bxu IIb ESO 478-G006 Sbc 0.
SN2021lwd IIb NGC 2596 Sb 0.
MNRAS 543, 2374–2403 (2025)

SNe (Section 5.8 ). Columns are in accordance with Table A1 . 

edshift DL MB Incl. PA dC Instr. 
[Mpc] [mag] [◦] [◦] [′′ ] 

006731 31 .1 −16.6 ? 198 .0 10 .17 2 

013826 62 .2 −20.4 30 91 .0 11 .88 2 
002669 10 .0 −18.6 49 292 .5 22 .75 2 
001448 4 .4 −19.1 64 179 .1 23 .21 2 
024514 112 .1 −20.3 67 323 .2 4 .88 4 
002985 13 .9 −19.8 84 199 .3 46 .72 4 
024307 106 .9 −22.3 72 220 .9 16 .94 2 
009255 43 .3 −21.3 60 143 .8 10 .63 2 
007542 25 .8 −19.2 35 144 .1 25 .92 2 
018277 84 .5 −20.6 70 228 .9 20 .58 4 
023223 104 .1 −21.6 33 96 .7 10 .40 4 
011730 48 .1 −18.3 33 29 .7 11 .74 4 
025000 ? ? 53 327 .7 11 .71 4 
005701 41 .7 −20.7 69 301 .8 20 .54 1 
022649 96 .3 −20.7 54 260 .2 12 .32 2 
020474 81 .7 −20.6 47 264 .7 14 .82 2,4 
015134 70 .6 −21.8 48 249 .1 17 .95 4 
007148 36 .9 −20.5 55 12 .0 14 .32 4 
015094 71 .9 −20.7 79 4 .3 5 .63 4 
008918 37 .3 −20.0 90 43 .5 10 .33 4 
018556 81 .8 −19.3 51 95 .7 23 .97 4 
014527 62 .9 −18.6 28 220 .2 19 .75 4 
020954 93 .3 −20.7 49 121 .1 26 .30 4 
007972 29 .2 −20.0 90 161 .9 47 .89 2 
001885 14 .0 −20.8 90 114 .7 56 .26 3 
018973 85 .3 −20.4 41 73 .2 23 .58 4 
004950 27 .4 −21.1 63 65 .1 35 .19 4 
013636 58 .1 −21.3 33 300 .2 25 .42 4 
015874 73 .1 −20.5 70 256 .4 4 .71 2 
013719 65 .1 −20.9 57 53 .7 12 .47 2 
011715 41 .8 −21.4 81 279 .2 8 .81 2 
016151 68 .4 −21.5 34 144 .3 14 .76 2 
016301 64 .5 −20.7 47 126 .8 14 .56 3 
009303 29 .4 −21.1 84 43 .4 37 .98 2 
008032 27 .0 −19.1 33 53 .1 26 .27 2 
014914 69 .3 −19.5 83 315 .1 24 .52 4 
011061 53 .9 −18.5 49 33 .9 29 .65 4 
011807 58 .8 −19.3 49 126 .8 29 .89 4 
004493 23 .1 −19.9 60 257 .4 19 .67 1,2 
018633 80 .3 −21.3 35 119 .9 2 .43 2 
013599 58 .6 −19.8 53 113 .7 4 .51 4 
013715 58 .3 −19.4 53 76 .8 7 .39 3 
017372 75 .6 −21.3 77 230 .9 20 .63 4 
019650 85 .4 −20.8 67 140 .5 15 .42 2 
014200 68 .2 −21.1 31 346 .5 20 .46 2,4 
009433 46 .4 −19.9 71 179 .5 20 .20 2 
016361 81 .2 −20.6 62 358 .7 13 .10 2 
004940 31 .1 −21.8 36 212 .2 92 .35 2 
024477 118 .9 −19.7 52 309 .8 7 .55 2 
023592 102 .3 −18.3 54 132 .3 14 .13 3 
011661 53 .4 −19.7 70 6 .4 7 .06 2 
014623 62 .0 −19.6 84 321 .3 2 .14 2 
013649 57 .9 −20.7 76 184 .7 12 .34 4 
008382 42 .0 −19.1 82 128 .0 11 .32 4 
012208 56 .1 −20.5 40 194 .8 6 .19 2 
017792 81 .8 −21.7 58 291 .8 24 .01 2 
019807 84 .2 −21.2 74 15 .3 11 .40 4 
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Table C2. Supplementary table with metallicities of archival Type IIb and Type IIn SNe environments (Section 5.8 ). Columns are in accordance with 
Table A2 . 

Target Type Type reference SN RA SN Dec M13-N2 M13-O3N2 
[h m s] [◦ ′ ′′ ] 12 + log(O/H) 12 + log(O/H) 

ASASSN14az IIb Shivvers et al. ( 2019 ) 23:44:48.00 −02:07:03.17 8.14 8.24 
PS15apj IIb Pan et al. ( 2015a ) 18:28:58.23 + 22:54:10.60 8.55 8.50 
SN1987K IIb Shivvers et al. ( 2019 ) 12:43:41.17 + 16:23:44.92 8.54 8.58 
SN1996cr IIn Ransome et al. ( 2021 ) 14:13:10.010 −65:20:44.41 8.62 8.53 
SN1998fa IIb Shivvers et al. ( 2019 ) 06:42:51.51 + 41:25:18.91 8.44 8.39 
SN1998S IIn Ransome et al. ( 2021 ) 11:46:06.180 + 47:28:55.49 8.54 8.56 
SN2000bg IIn Jha & Brown ( 2000 ) 16:52:58.130 + 02:23:50.50 8.71 8.51 
SN2000cl IIn Stathakis & Stevenson ( 2001 ) 10:37:16.070 −41:37:47.78 8.53 8.56 
SN2000P IIn Ransome et al. ( 2021 ) 13:07:10.529 −28:14:02.51 8.46 8.45 
SN2002au IIb Shivvers et al. ( 2019 ) 09:34:37.60 + 05:50:15.68 8.54 8.44 
SN2003as IIn Matheson et al. ( 2003a ) 05:28:45.809 + 49:52:59.09 8.55 8.55 
SN2003G IIn Ransome et al. ( 2021 ) 02:08:28.130 + 06:23:51.90 8.50 8.65 
SN2003ki IIb Shivvers et al. ( 2019 ) 07:51:33.24 + 63:55:51.60 8.46 8.43 
SN2004C IIb Shivvers et al. ( 2019 ) 11:27:29.72 + 56:52:48.22 8.52 8.52 
SN2004ff IIb Modjaz et al. ( 2014 ) 04:58:46.19 −21:34:12.00 8.64 - 
SN2004gj IIb Shivvers et al. ( 2019 ) 11:30:59.63 + 20:28:06.82 8.45 8.41 
SN2005db IIn Ransome et al. ( 2021 ) 00:41:26.791 + 25:29:51.61 8.52 8.63 
SN2005ip IIn Ransome et al. ( 2021 ) 09:32:06.420 + 08:26:44.41 8.52 8.47 
SN2005kd IIn Antilogus et al. ( 2005 ) 04:03:16.879 + 71:43:18.91 8.35 8.31 
SN2006am IIn Ransome et al. ( 2021 ) 14:27:37.241 + 41:15:35.39 8.36 8.31 
SN2006jd IIn Ransome et al. ( 2021 ) 08:02:07.430 + 00:48:31.50 8.34 8.33 
SN2007ay IIb Shivvers et al. ( 2019 ) 08:17:14.85 + 01:12:06.91 8.45 8.42 
SN2007bb IIn Blondin et al. ( 2007 ) 07:01:07.459 + 51:15:57.31 8.44 8.34 
SN2008aq IIb Shivvers et al. ( 2019 ) 12:50:30.42 −10:52:01.42 8.30 8.20 
SN2008ax IIb Shivvers et al. ( 2019 ) 12:30:40.80 + 41:38:14.50 8.41 8.37 
SN2008B IIn Ransome et al. ( 2021 ) 15:02:43.649 + 23:20:07.80 8.51 8.47 
SN2008bo IIb Shivvers et al. ( 2019 ) 18:19:54.41 + 74:34:20.89 8.52 8.47 
SN2008ie IIb Shivvers et al. ( 2019 ) 02:43:20.80 + 04:58:19.09 8.59 - 
SN2008J IIn Ransome et al. ( 2021 ) 02:34:24.199 −10:50:38.51 8.52 8.59 
SN2008V IIb Stritzinger & Folatelli ( 2008 ) 04:29:31.30 −26:42:39.82 8.53 8.54 
SN2009K IIb Stritzinger & Morrell ( 2009 ) 04:36:36.77 -00:08:35.59 8.56 - 
SN2010bt IIn Ransome et al. ( 2021 ) 21:48:20.220 −34:57:16.49 8.56 8.63 
SN2011an IIn Ransome et al. ( 2021 ) 07:59:24.420 + 16:25:08.18 8.41 8.38 
SN2011ei IIb Margutti, Brown & Roming ( 2011 ) 20:34:22.62 −31:58:23.59 8.53 8.40 
SN2011fh IIn Pessi et al. ( 2022 ) 12:56:14.009 −29:29:54.82 8.37 8.31 
SN2011jg IIb Kankare et al. ( 2011 ) 16:17:18.87 + 59:19:29.78 8.40 8.35 
SN2012an IIb Jha, McCully & Patel ( 2012 ) 17:24:10.23 + 59:00:06.91 8.31 8.29 
SN2012cd IIb Marion, Foley & Calkins ( 2012 ) 13:22:35.25 + 54:48:47.70 8.53 8.40 
SN2012P IIb Fremling et al. ( 2016 ) 14:59:59.12 + 01:53:24.40 8.51 8.65 
SN2013fc IIn Ransome et al. ( 2021 ) 02:45:08.959 −55:44:27.31 8.61 8.56 
SN2013ha IIn Gagliano et al. ( 2013 ) 06:15:49.850 + 66:50:19.39 8.55 8.47 
SN2014ds IIb Shivvers et al. ( 2019 ) 08:11:16.45 + 25:10:47.39 8.47 8.44 
SN2014ee IIn Ransome et al. ( 2021 ) 07:59:11.779 + 32:54:39.89 8.47 8.37 
SN2014es IIn Ransome et al. ( 2021 ) 09:20:46.910 −08:03:34.00 8.53 8.53 
SN2015bf IIn Ransome et al. ( 2021 ) 23:24:49.030 + 15:16:52.00 8.25 8.19 
SN2016bas IIb Hosseinzadeh et al. ( 2016 ) 07:38:05.53 −55:11:47.00 8.52 8.53 
SN2016blt IIb Johansson et al. ( 2016 ) 14:15:45.76 −47:38:15.00 8.56 - 
SN2016gkg IIb Jha ( 2016 ) 01:34:14.40 −29:26:24.22 8.59 - 
SN2017gfh IIb Lyman et al. ( 2017b ) 20:03:27.41 + 06:59:27.73 8.73 - 
SN2017ixz IIb Jones et al. ( 2017 ) 07:47:03.07 + 26:46:25.79 8.38 8.38 
SN2017mw IIb Taddia et al. ( 2017a ) 09:57:20.97 −41:35:20.98 8.30 8.24 
SN2018ddr IIb Khlat, Prieto & Dong ( 2018 ) 13:58:38.47 + 07:13:01.27 8.48 8.48 
SN2019pqo IIb Dahiwale, Fremling & Dugas ( 2019 ) 15:41:30.33 + 15:47:03.30 8.55 8.56 
SN2020tlf IIn Balcon ( 2020 ) 14:40:10.020 + 42:46:39.43 8.50 8.49 
SN2021aefs IIn Dimitriadis, Cartier & Yaron ( 2021 ) 11:43:29.690 −16:47:49.99 8.67 - 
SN2021bxu IIb DerKacy ( 2021 ) 02:09:16.46 −23:24:45.40 8.57 8.56 
SN2021lwd IIb Chu, Dahiwale & Fremling ( 2021a ) 08:27:26.73 + 17:17:13.70 8.53 8.50 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/543/3/2374/8250024 by U
niversity of Lancashire user on 13 O

ctober 2025
NRAS 543, 2374–2403 (2025)



Different environments of supernova IIP & Ibc 2403

A

T

©
P
(

PPEN D IX  D  
Figure D1 Environment metallicities for our Type Ic and

his paper has been typeset from a TE 

X/LA TE 

X file prepared by the author. 

The Author(s) 2025. 
ublished by Oxford University Press on behalf of Royal Astronomical Society. This is an Open
 https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and rep
MNRAS 543, 2374–2403 (2025)

 Ic-BL determined using the M13-N2 calibration. 
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