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Abstract

Context. This is the first paper in a series aiming to determine the fractions and birth rates of various types of supernovae (SNe) in the local Universe.

Aims. In this paper, we aim to construct a complete sample of SNe in the nearby Universe and provide more precise measurements of subtype fractions.

Methods. We carefully selected our SN sample at a distance of less than 40 Mpc mainly from wide-field surveys conducted over the years from 2016 to 2023.

Results. The sample contains a total of 211 SNe, including 109 SNe II, 69 SNe Ia, and 33 SNe Ibc. With the aid of sufficient spectra, we obtained relatively accurate subtype classifications for all SNe in this sample. After corrections for the Malmquist bias, this volumelimited sample yielded fractions of SNe Ia, SNe Ibc, and SNe II of [image: equation], [image: equation], and [image: equation], respectively. In the SN Ia sample, the fraction of the 91T-like subtype becomes relatively low (~5.4%), while that of the 02cx-like subtype shows a moderate increase (~6.8%). In the SN Ibc sample, we find significant fractions of broadlined SNe Ic (~18.0%) and SNe Ibn (~8.8%). The fraction of the 87A-like subtype was determined to be ~2.3%, indicating rare explosions from blue supergiant stars. We find that SNe Ia show a double peak number distribution in S0- and Sc-type host galaxies, which may serve as straightforward evidence for the presence of “prompt” and “delayed” progenitor components that give rise to SN Ia explosions. Several subtypes of SNe such as 02cx-like SNe Ia, broadlined SNe Ic, and SNe IIn (and perhaps SNe Ibn) are found to occur preferentially in less massive spiral galaxies (i.e., with stellar mass <0.5×1010 Mʘ), thus favoring their associations with young stellar progenitors. Moreover, the 02cx-like subtype shows a trend of exploding in the outer skirt of their hosts, which is suggestive of metal-poor progenitors.
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1 Introduction
Supernovae (SNe) represent catastrophic explosions of certain types of stars evolving toward their final stages and are one of the most spectacular phenomena in the Universe. Based on spectroscopic features such as hydrogen, helium, and silicon, SNe can be observationally divided into four subtypes of Ia, Ib, Ic, and II (Filippenko 1997). Balmer lines are usually absent in the first three types, while they are the main spectral features of SNe II. Among the H-poor subtypes, SNe Ib are characterized by helium absorption features, while such features are generally invisible in both SNe Ia and SNe Ic. Although these two subtypes both show Si II λ 6355 absorptions in their spectra, SNe Ia show a relatively bluer continuum and “w-shaped” S II doublet near 5400-5600 Å compared to SNe Ic. Theoretically, SNe Ia are believed to arise from the thermonuclear explosion of carbon-oxygen white dwarves, while SNe Ib, Ic, and II, which are referred to as core-collapse SNe (CCSNe), are produced via the gravitational collapse of the central iron core in massive stars. By studying the observational properties of various kinds of SNe, one can probe the extreme physics process in the explosion, gain new insights into stellar evolution, and understand the chemical and dynamic evolution of the Universe.
Due to their high and relatively uniform luminosity around the peak brightness, SNe Ia play an important role in observational cosmology, namely, measuring the expansion history of the Universe (Riess et al. 1998; Perlmutter et al. 1999; Filippenko 2005). On the other hand, SNe Ia have been found to show increasing diversities over the past two decades (Filippenko 1997; Maoz et al. 2014) with the discoveries of luminous 91T-like (Filippenko et al. 1992b; Phillips et al. 1992) and overluminous 03fg-like (Howell et al. 2006; Hsiao et al. 2020) subclasses and subluminous 91bg-like (Filippenko et al. 1992a; Leibundgut et al. 1993), 02cx-like (Li et al. 2003; Foley et al. 2013), and 02es-like SNe Ia (Ganeshalingam et al. 2012; Xi et al. 2024). In addition to those spectroscopically peculiar SNe Ia, different subtypes have been identified even for spectroscopically normal SNe Ia (Branch & van den Bergh 1993; Benetti et al. 2005; Branch et al. 2009; Wang et al. 2009). In particular, those SNe Ia characteristics of high photospheric velocities (HV) are recognized to have different local environments (Wang et al. 2013, 2019; Pan 2020), with a higher progenitor metallicity compared to their normal-velocity (NV) counterparts. A reliable constraint of the SN Ia rate of different subtypes as well as its evolution with redshift would allow us to better understand their progenitor scenarios, the single-degenerate channel (SD; Whelan & Iben 1973; Nomoto 1982), and double-degenerate channel (DD; Tutukov & Yungelson 1981; Iben & Tutukov 1984; Webbink 1984). For the SD scenario, the system consists of a carbonoxygen white dwarf and a main sequence, sub-giant, or giant star companion, while for the DD scenario, the companion star is another white dwarf.
Among all the types of SN explosions, SNe II represent the most common stellar explosions in the local Universe (Li et al. 2011b), and they can be further classified into subtypes of IIP, IIL, and IIb according to their light curve shapes and spectral features (Filippenko 1997). Pre-explosion images have established their origins from yellow (IIb) or red (IIP/IIL) supergiants (Smartt et al. 2009). A group of peculiar 1987A-like type II SNe is believed to have originated from blue supergiants. For SN Ibc, theoretical studies suggest that their progenitors should be massive Wolf-Rayet (WR) stars or stars of binary origin with relatively low masses (i.e., Yoon 2015). Possible WR progenitors of SNe Ibc are rarely detected, with only two detections for SN Ib, namely, SN 2013bvn (Cao et al. 2013) and SN 2019yvr (Kilpatrick et al. 2021), and one possible detection for SN Ic (Van Dyk et al. 2018; Xiang et al. 2019). In recent years, numerous subtypes have also been identified for CCSNe. For example, the appearances of narrow emission features such as hydrogen, helium, and carbon in the spectra have led to identifications of subtypes of SNe IIn (Schlegel 1990), SNe Ibn (Matheson et al. 2000; Pastorello et al. 2008; Hosseinzadeh et al. 2017), and even SNe Icn (Gal-Yam et al. 2022; Perley et al. 2022), respectively. Over the past decade, wide-field surveys have led to the discovery of numerous superluminous SNe (SLSNe; Quimby et al. 2007; Gal-Yam 2012; Chen et al. 2023), which are 10 to 100 times more luminous than normal CCSNe but are rarely detected in the local Universe, likely due to their very massive, metal-poor progenitor properties.
In recent years, with the development of wide-field rolling search programs such as the Zwicky Transient Facility (ZTF; Masci et al. 2019; Bellm et al. 2019), the Asteroid Terrestrialimpact Last Alert System (ATLAS; Tonry et al. 2018; Smith et al. 2020), and the All-Sky Automated Survey for Supernovae (ASAS-SN; Shappee et al. 2014; Kochanek et al. 2017), the completeness for the discovery and classification of nearby SNe has improved significantly. This advance allows improved supernova samples to be constructed and more precise birth rates of difference types of SNe to be derived.
In this series of papers, we report on our construction of a nearby SN sample and determinations of subtype fractions and rates from this sample. This is paper I of that series, and it is organized as follows. In Sect. 2, we introduce this relatively complete nearby SN sample. We then calculate the subtype fractions of SNe in Sect. 3. We describe the host galaxies of our SN sample in Sect. 4 and examine the host environment of different types of SNe in Sect. 5. We summarize this work in Sect. 6.
2 The supernova sample
In this section, we describe the procedures for selecting our SN sample and the ways of collecting their main parameters, including photometric properties, spectroscopic classification, extinction, and the application of a distance cut. Throughout our study, we adopt H0 = 70 km s−1 Mpc−1, Ωm = 0.3, and ΩΛ = 0.7, and the magnitudes are in the AB system.
2.1 Sample selection and classification
We collected our initial SN sample from WISeREP1 (formerly known as WISEASS, the Weizmann Institute of Science Experimental Astrophysics Spectroscopy System) and the Transient Name Serve2 (TNS) with the following two criteria: (1) exploded during the period from 2016 to 2023; (2) at a distance <60 Mpc3. The first criterion is adopted because several main wide-field surveys such as ZTF, ATLAS, and ASAS-SN have been regularly scanning the sky since 2015. Given their detection limits (see Table 2 for details) and the brightness of nearby SNe, the sample collected after 2015 should suffer less effect due to Malmquist bias. The basic parameters, including SN name, discoverer, discovery date, right ascension and declination for all SNe, were collected from both WISeREP and TNS. Classification of each SN given by these two catalogs is adopted as a reference before obtaining a more precise classification. Redshift, distance, and host information were obtained from two large galaxy databases, NASA/IPAC Extragalactic Database4 (NED) and Set of Identifications, Measurements and Bibliography for Astronomical Data5 (SIMBAD).
Distances to our SNe Ia were taken from the NED in the following two manners: (1) Tully-Fisher distance whenever possible, but normalized to the assumed Hubble constant (i.e., 70 km s−1 Mpc−1); (2) Hubble flow distance when the former distance is not available, and it is corrected for the infall of the local group toward the Virgo Cluster (Mould et al. 2000).
The spectra used for the SN classifications were mainly taken from WISeREP, TNS, the Global Supernova Project (GSP; Howell 2019) using 2 m telescopes of Las Cumbres Observatory (LCO; Shporer et al. 2011; Brown et al. 2013), the Tsinghua Supernova Group using the Xinglong 2.16 m telescope (XLT; Fan et al. 2016) of NAOC, and the Lijiang 2.4 m telescope (LJT; Fan et al. 2015) of Yunnan Observatories. The numbers of spectra collected from different sources are listed in Table 1. The light curve data were obtained from the literature whenever possible (detailed references are given in Table C.1). For those without published light curve data, we turned to the LCO light curves and forced photometry of ZTF (Smith et al. 2019) and ATLAS (Shingles et al. 2021). Our classifications of the SN sample were mainly based on spectroscopic characteristics. We used the Supernova Identification Library (SNID; Blondin & Tonry 2007) to fit every spectrum to obtain a best fit subtype, and it was then double checked by eyes to make sure their classifications are reliable. When it was difficult to make a clear classification solely from the spectra, we examined the light curves for a certain classification, in particular for SNe IIP and SNe IIL which show quite similar spectral features.
In our study, we classify SNe into three main categories: Ia, Ibc, and II. Each main category is then classified into a few subtypes in the following manner. SNe Ia are grouped into five subtypes: (1) normal Ia (HV and normal subtypes), (2) 91bg-like, (3) 91T-like, (4) 02cx-like (Iax), (5) other peculiar Ia, such as Super-Chandra SNe Ia (Ia-SC), etc. SNe Ibc are grouped into five subtypes: (1) normal Ib, (2) Ibn, (3) normal Ic, (4) Ic-BL, (5) Ib/c, which means that we can only verify that they are of type Ibc, or a transition in between Ib and Ic. SNe II are grouped into six subtypes: (1) IIP, (2) IIL, (3) IIb, (4) IIn, (5) peculiar II, such as 87A-like objects, (6) II, which are SNe II with an uncertain subclassification. The classifications of some peculiar SNe in our sample are highlighted below.
Among SNe Ia, SN 2021fcg is classified as an 02cx-like object according to Karambelkar et al. (2021) as we do not have any spectra for it, while SN 2022pul is classified as an SN Ia characteristic of superchandrasekhar explosion (Ia-SC), which showed a strong C II absorption feature in the early spectra and emission of [O I] in the nebular ones (Kwok et al. 2024; Siebert et al. 2024).
SNe 2021foa, SN 2022qhy, and SN 2023fyq can be classified as SNe Ibn. Among them, the classification of SN 2021foa is somewhat complicated. Reguitti et al. (2022) presented spectroscopic data for SN 2021foa. They found that in the early phase, its spectra showed blue continuum superposed with narrow H emission lines, putting it into the subgroup of SNe IIn. However, around two weeks after the peak, its He I lines became much stronger than those of SNe Ibn. Thus, they argued that SN 2021foa may represent a transitional object linking H-rich SNe IIn with He-rich SNe Ibn6. SN 2022qhy presents prominent He I λ 5876 and 6678 in its spectrum, a SNID fit to the spectrum indicates that it is a typical type Ibn supernova. SN 2023fyq is classified as a SN Ibn according to the prominent narrow P-Cygni helium lines in its early time spectra, and it is reported to show an exponential rise in flux prior to core collapse (Brennan et al. 2024).
Among our sample, the fraction of the subtype of SNe Ib/c seems a bit high. SN 2020zgl and SN 2022frl can be classified as transitional objects between SNe Ib and SNe Ic, as both show close resemblances to SN 2005bf and SN 2009er (Folatelli et al. 2006; Foley et al. 2009) according to the SNID fit. Thus, we assigned them the subtype of SNe Ib/c. For SN 2016dsl, SN 2017gax, and SN 2021bhd, the SNID fits to their late-time spectra give the best results of type Ib/c, so they are also grouped as SNe Ib/c.
The spectra of SNe 2016afa, 2018hna and 2020mmz show characteristics of SN 1987A according to SNID fitting, we further checked their light curve shapes to confirm the classification. In particular, for SN 2018hna, Singh et al. (2019) and Xiang et al. (2023) identified evident features of Ba II (i.e., 4554 and 6142 A).
Table 1 
Number of spectra collected from different sources.

2.2 Light curve fitting
Apart from the light curve shapes that aid in the subclassification, we also count on peak magnitudes for later bias corrections as introduced in Sect. 3.2. The photometric data were not always well sampled to allow a direct measurement of this parameter. To determine the r-band peak magnitudes for those without photometric results from the literature, we fit the light curves collected from the sources introduced in Sect. 2.1 in the following manner. We performed a spline fit to directly measure the peak magnitudes when near-maximum light photometric data were available and well sampled. However, when the photometric data were available only in pre- or post-maximum, we used a χ2-minimizing method to fit the photometric data with the light curve templates from Li et al. (2011b). For SNe IIP, we adopted the maximum brightness measured during the plateau phase.
We then converted the apparent peak magnitudes to the absolute magnitudes using distances collected in Sect. 2.1 and corrected for extinctions estimated in Sect. 2.3. The final results for the absolute peak magnitudes in the r band are listed in Tables A.1, A.2, and A.3.
2.3 Extinction
Extinction values are important for estimates of peak magnitudes. Galactic reddening toward each SN in our sample was estimated according to Schlafly & Finkbeiner (2011). The host-galaxy extinction value is mainly taken from the literature of each individual SN, with the extinction value given in Tables A.1, A.2, A.3, and the corresponding references given in Table C.1. The rest were estimated using the empirical relation E(B - V) = 0.16 × EW(Na ID) (Turatto et al. 2003) when the absorptions of Na ID are visible in the spectra. We note that EW(Na I D) represents the equivalent width of Na I D λλ 5890,5896 absorption lines.
2.4 Distance cut
We aimed to construct a relatively complete sample of nearby SNe to obtain a more accurate estimate of subtype fractions and rates. The detection of SNe at larger distances is expected to be more underestimated because they become fainter with distances and are then likely to be beyond the detection limit. Thus, a proper distance cut is necessary so that the resultant sample size is not too small and the selected SN sample is close to being complete within this volume. Such a selected SN sample could be regarded as an approximate representation of the true supernova distribution after a slight but careful correction.
Fig. 1 shows the number of SNe as a function of distance for our SN sample. The dashed lines represent the number distribution ∝ d3 assuming a constant SNe rate in the nearby Universe. The numbers of all three SN types show a similar distribution, with an initial increase with distance until around 40-50 Mpc, followed by a significant decline. The SN population is expected not to change much within a distance of 60 Mpc, so the number of SNe detected beyond the turnover point, 40 Mpc, is significantly smaller than it should be according to the dashed lines in Fig. 1. This suggests that a severe observation bias exists beyond 40 Mpc.
Nevertheless, as shown in Fig. 1, the detection sensitivity of some surveys for CCSNe might drop at distances <40 Mpc. To examine such an effect on CCSNe sample, we present the distribution of B-band peak absolute magnitudes (Richardson et al. 2014) for different types of CCSNe in Fig. 2. At a distance of 40 Mpc, one can see that the missing fraction is only about 10% for SNe IIP and SNe IIb, and even smaller for other subtypes of CCSNe. While this missing fraction increases rapidly at a distance ~50 Mpc. Thus, the choice of 40 Mpc distance limit should be reasonable for the purpose of SN rate study.
After applying a 40-Mpc distance cut, our final sample contains 211 SNe in total, and the locations of all these SNe in the sky are shown in Fig. 4a. The average distances for the total SN sample, the subsamples of SNe Ia, SNe Ibc, and SNe II are 26.84 Mpc, 25.95 Mpc, 28.17 Mpc, and 26.25 Mpc, respectively. As shown in Fig. 3, most of this sample is discovered by several wide-field surveys such as ATLAS, ASAS-SN, and ZTF and those dedicated to searching for nearby SNe such as DLT40 (Distance Less Than 40 Mpc; Tartaglia et al. 2018). Nevertheless, the contribution by amateur astronomers such as K. Itagaki is still an indispensable part, accounting for about 11% of the total sample. The detection limits of the main telescopes used for the SN search are all deeper than 17.0 mag, and are summarized in Table 2.
	[image: thumbnail]	Fig. 1 Number distribution of our SN sample as a function of distance for Ia (left), Ibc (middle), and II (right) samples, respectively. We adjust the distance bin from 10 Mpc to 5 Mpc for SNe II because its sample size at around 40 Mpc is rather large for this type. The dashed lines represent the expected number distribution of SNe ∝ d3.



	[image: thumbnail]	Fig. 2 Peak absolute magnitude distributions for different types of CCSNe. The dashed lines represent the corresponding detection limits of ASAS-SN at different distances.



	[image: thumbnail]	Fig. 3 Number of SNe discovered by different surveys in our sample. SNe Ia, Ibc and II are represented by blue, pink, and cyan colors, respectively. Apart from amateurs, most SNe were discovered by ASAS-SN, ATLAS, ZTF, and DLT40 project.



Table 2 
Detection limits of main surveys.

2.5 Type Ia supernovae sample
Our final SN Ia sample consists of69 objects, with detailed information about this sample listed in Table A.1. For each SN in our sample, the following parameters are given in Table A.1: the SN name, subtype classification, discoverer, discovery date, spectrum ID in WISeREP of the spectrum used for classification, the r-band peak magnitude after extinction correction, the Galactic and host extinction values, the right ascension and declination, redshift, distance, host galaxy, and offset from host galaxy nucleus (in units of arcsec). Only the first six entries are shown; full table would be available at the CDS.
The 69 SNe Ia in our sample include 49 normal, ten 91bg-like, four 91T-like, five 02cx-like, and one Ia-SC events. The observed fractions of the SN Ia subtypes are shown in the second panel of Fig. 5. The locations of these SNe Ia and the corresponding discoverers are shown in Fig. 4b.
We collected a total of 68 spectra for our SN Ia sample, with one for each SN Ia except for SN 2021fcg mentioned in Sect. 2.1. Of these 68 spectra, 53 were obtained within one week of the maximum. Pre-maximum spectra are available for 60 SNe Ia. Part of the SN Ia spectra are shown in Fig. F.1. Peak magnitudes have been estimated for 66 of the 69 SNe Ia, with 25 taken from the literature (details seen in Table C.1) and the rest estimated from the LCO photometric database (25), the ZTF database (11), and the ATLAS forced photometry (5), respectively.
2.6 Core-collapse supernovae sample
Our final core-collapse SN sample contains 142 CCSNe, including 34 SNe Ibc and 109 SNe II. We note that SN 2021foa was counted for both SNe Ibc and SNe II. Detailed parameters for our SN Ibc and II samples are listed in Tables A.2 and A.3, respectively, with the full tables available at the CDS. Among the 34 SNe Ibc, six are normal Ib, three are Ibn, 13 are normal Ic, seven are Ic-BL, and five are classified as Ib/c which cannot be clearly assigned to type Ib or Ic. Among the 109 SNe II, 77 are IIP, eight are IIL, 13 are IIb, seven are IIn, three are 87A-like, and one can only be classified as type II. The observed fractions of the SNe Ibc and II subtypes are shown in the third and fourth panels of Fig. 5. The locations of our sample of SNe Ibc and SNe II are shown in Figs. 4c and 4d, respectively.
A total of 34 spectra were collected for 34 SNe Ibc. Of these spectra, 26 were taken near the maximum light according to the photometric data or the SNID fit. Peak magnitudes are estimated for 31 of our 34 SNe Ibc, with two taken from the literature (see Table C.1 for the references), 17 estimated from LCO data, three from ZTF data, and nine from ATLAS forced photometry.
A total of 109 spectra were collected for 109 SNe II, among which 102 were obtained near the maximum light or during the plateau phase. Photometric information is derived for 95 of the 109 SNe II, with 11 taken from the literature (see Table C.1 for the references), 44 estimated from LCO data, 16 from ZTF data, and 24 from ATLAS forced photometry.
	[image: thumbnail]	Fig. 4 Sky location of our SN sample.



3 Fractions of supernova subtypes
In this section, we describe the fractions of supernova subtypes estimated from our sample. We present Miller diagrams of our sample and introduce the way to correct for the bias seen in the diagram.
3.1 Observed factions and the Malmquist bias
The observed fractions of different subtypes are given in Fig. 5 and the second column of Table 3. SNe II are the most abundant type (51.4%) in our sample, while SNe Ia and SNe Ibc take up 32.7% and 15.9%, respectively. No SLSNe were found in our sample, indicating their rarity in local Universe. The pie chart of SNe Ia shows that most of them belong to normal ones (71.0%) and other commonly seen subtypes include 91bg-like (14.5%), 91T-like (5.8%), 02cx-like (7.2%), and Ia-Sc (1.4%). No 02es-like events are found in current sample, implying an intrinsically low rate for this peculiar low-luminosity SNe Ia. The pie chart of SNe Ibc indicates that normal Ic (38.2%) and Ib (20.6%) are two most abundant subtypes, with significant fractions of SNe Ic-BL (17.7%), SNe Ibn (8.8%), and SNe Ib/c (14.7%), respectively. Among SNe II, the main subtype is SN IIP which takes up to 70.6%, and the remaining subtypes include SN IIL (7.3%), SNe IIb (11.9%), SNe IIn (6.4%), and 87A-like (2.8%), respectively. There is still a small fraction (0.9%) of SNe II that cannot be accurately assigned to any of the subtypes.
The observed fractions derived from the current sample may still suffer from some selection bias, even though our sample is close to being complete. To investigate this issue, we show the absolute peak magnitudes versus the corresponding distance modulus in Fig. 6 (dubbed the “Miller diagram”). As can be seen, fainter SNe tend to be absent at larger distances, suggesting the presence of a selection effect in our sample. This selection effect is also called the Malmquist bias (Teerikorpi 1984; Giraud 1987).
Table 3 
Fractions of subtypes of SNe.

	[image: thumbnail]	Fig. 5 Observed fractions of different subtypes of our SN sample.



	[image: thumbnail]	Fig. 6 Absolute r-band peak magnitudes of all SNe.



3.2 Bias correction
To correct for the Malmquist bias, we followed the method adopted by Richardson et al. (2014). The Miller diagram of our SN IIP sample is presented in Fig. 7, where a Malmquist bias can be clearly seen. Before performing the bias correction, we first make two reasonable assumptions: (1) The completeness limit, the sample brighter than the limit magnitude can be considered as a complete representation of the true SN distribution. Given an absolute magnitude limit M (dubbed as ML) for SNe of a certain type, the completeness limit of the apparent magnitude m (dubbed as mL) should follow a diagonal line with distance μ in the M - μ plane (see the solid line marked by mL in Fig. 7). From Figs. 6 and 7 and detection limits of the main SN surveys involved in our study (presented in Table 2), we chose mL to be about 17.0 mag for the SNe IIP sample. The sample with apparent magnitudes brighter than this limit (located above the mL line) is considered to be complete, while those fainter than the limit line are considered incomplete. (2) The real distribution of absolute magnitudes or luminosity function is assumed to be roughly the same for any relatively large volume of space in the local Universe. If all volumes have roughly the same luminosity distribution, then the number ratio between dim and bright SNe should be the same in different volumes for a certain brightness limit.
As shown in Fig. 7, volumes A and B extend to some distance modulus μ1, ML is determined by mL and the vertical line μ = μ1. Volume A represents the region brighter than ML, while volume B represents the region fainter than ML. The samples within volume A and volume B have already been corrected and thus are thought to be complete. We then carefully choose another distance modulus μ2 so that the sample located in volume C (the region brighter than ML) lies above mL and could be considered complete, while the sample in region D is incomplete and needs to be corrected. In the iteration procedure, we choose the maximum value of μ2 that satisfies the above criteria.
We started the bias-correction procedures by first picking up the faintest SNe that are brighter than mL in our sample and then setting ML above that point. Then μ1 and μ2 were determined in a manner similar to that discussed above. According to the assumptions we made, regions A, B, and C are considered complete, while region D is incomplete, and the true distribution of SNe in volume A and B should be the same as that in volume C and D. Thus, we can randomly generate the missing SNe in volume D using Monte Carlo simulation according to the SN distribution in volumes A, B, and C. Then we took μ2 as the new μ1 and continued the process until we reached a distance with μ = 33.01 mag (40 Mpc). For subtypes with small sample sizes (i.e., Ia-SC, 91T-like, 02cx-like, and 87A-like SNe), we did not apply the bias corrections due to that such corrections would bring uncertainties that are apparently larger than the possible number changes. Instead, possible errors due to a small number of statistics are estimated for these subtypes in Sect. 3.3. Since the total number of SNe Ibc in our sample is small, we combined Ib-normal and Ibn as Ib, Ic-normal and Ic-BL as Ic when correcting the Mamquist bias for SNe Ibc. The added SNe for each subtype are shown in the Miller diagrams in Appendix D.
	[image: thumbnail]	Fig. 7 Miller diagram for our SN IIP sample. The diagonal line is mL, while the horizontal line is ML. The two vertical lines at different distance modulus separate the volume within μ2 into a sphere and a concentric spherical shell. A, B, C and D represent the four regions of the volume within μ2 separated by the ML and the μ = μ1 lines.



3.3 Uncertainty estimation
Taking into account the statistical error as Poisson noise, the 1σ scatter of the fractions measured from the 10000 different versions generated of the SN sample is taken as the statistical uncertainty. For subtypes with small sample sizes mentioned in Section 3.2, we estimate the error due to small number of statistics. For the systematic error, we considered the following three sources: (1) SNe with distances around 40 Mpc: Due to the uncertainties in distance measurements, it is possible for an SN with measured distance smaller than 40 Mpc to be actually positioned outside, and vice versa; (2) SNe with uncertain redshifts: Our SN sample is composed of very nearby SNe, and their host galaxies are well observed in most cases. So, the number of SNe with uncertain redshifts is rather small, and thus the uncertainty caused by redshift is smaller compared to the first case; (3) Dust extinction and obscuration of SNe: This is a non-negligible effect especially for CCSNe, even in the nearby Universe.
The contributions of the first two sources were estimated by calculating the probability that each SN is inside 40 Mpc. For each SN, we assumed a Gaussian distribution centered on the measured distance, with 1a uncertainty inferred from that in the distance measurements. Then the probability of an SN being inside 40 Mpc was calculated by performing a Monte Carlo simulation, generating 10 000 distances according to the assumed distribution and counting the ones smaller than 40 Mpc. The difference between the sum of all the probabilities and the observed number was taken as the uncertainty in the SN number, and then it transferred to the uncertainty in the fraction. For the third source, Mattila et al. (2012) and Jencson et al. (2019) estimated that [image: equation] and [image: equation] of CCSNe were, respectively, missed by optical surveys even in the local Universe. We adopted the average value of the missed fractions and estimated the number of CCSNe missed due to dust extinction and obscuration as [image: equation], then assigned this number to SNe Ibc and II according to their relative proportions. The total uncertainty is calculated by adding up the statistical and systematic errors, which is shown in the third column of Table 3.
3.4 Corrected fractions
The bias-corrected SN fractions are shown in Fig. 8 and the third column of Table 3, respectively. The corrected fractions are [image: equation] for SNe Ia, [image: equation] for SNe Ibc, and [image: equation] for SNe II, respectively. In comparison, Li et al. (2011b) gave fractions of [image: equation], [image: equation], and [image: equation] for Ia, Ibc, and II, respectively. Our SN Ia fraction is larger than that given by Li et al. (2011b) at a confidence level of about 2a, while the changes in the fractions of both SN Ibc and SN II are approximately 1a.
3.4.1 Type Ia supernovae
For SNe Ia, the bias-corrected fractions are [image: equation] for normal Ia, [image: equation] for 91bg-like, [image: equation] for 91T-like, [image: equation] for 02cx-like, and [image: equation] for Ia-SC, respectively. We could also give an upper limit of [image: equation] for the undetected 02es-like events, for that the detection number of 02es-like events within 40 Mpc is less than one. Compared to the results of Li et al. (2011b), which are [image: equation] for Ia normal, [image: equation] for 91bg-like, [image: equation] for 91T-like, and [image: equation] for 02cx-like, the fraction of the 91bg-like subtype is well consistent, while the fraction of 02cx-like subtypes becomes slightly larger and that of 91T-like shows a significant decrease (i.e., ~5.4% versus ~9.4%). Graur et al. (2017) splitted the volume-limited sample of LOSS into low- and high-mass galaxies (with stellar mass lower and higher than 1010 Mʘ, respectively) and compared the relative rates of various SN types found in them. The fractions of 91T- and 99aa-like events in low- and high-mass galaxies were estimated as 4[image: equation]% and 8.6[image: equation]%, respectively. The result is more aligned with that of Li et al. (2011b), significantly larger than our result. Desai et al. (2024) recently gave a fraction of around 3.7% for the 91T-like events, which is similar to our result. We caution that the fraction of 91T-like SNe Ia given by Li et al. (2011b) could be overestimated because their sample was constructed using the SNe Ia up to a distance of 80 Mpc. At such a large distance, the 91T-like objects should be more easily detected than other subtypes, resulting in a relatively higher fraction.
Following the classification scheme introduced by Wang et al. (2009), we measured the Si II λ 6355 velocity for Branchnormal SNe Ia of our sample and identified 13 HV SNe Ia and 36 NV SNe Ia, with the HV:NV ratio of 1:2.77 being consistent with the ratio of 1:3 given by Wang et al. (2009). The classification information is presented in the second column of Table A.1.
	[image: thumbnail]	Fig. 8 Bias-corrected fractions of supernova subtypes.



3.4.2 Core-collapse supernovae
The bias-corrected fractions of SNe Ibc are [image: equation] for normal Ib, [image: equation] for Ibn, [image: equation] for Ic, [image: equation] for Ic-BL and [image: equation] for Ib/c, respectively. In comparison, Li et al. (2011b) gave [image: equation] for Ib, [image: equation] for Ic, and [image: equation] for Ibc-pec. In our study, we give more detailed classifications, making the comparison with theirs difficult. However, the overall trend is roughly the same, with the fraction of SNe Ic being larger than that of SNe Ib. The subtype of SNe Ibn was not recognized in the sample from Li et al. (2011b), probably related to the rapid evolution of its light curve.
The bias-corrected fractions of SNe II are [image: equation] for IIP, [image: equation] for IIL, [image: equation] for IIb, [image: equation] for IIn, and [image: equation] for 87A-like. And there is a fraction of SNe II ([image: equation]) that cannot be accurately subclassified. The corresponding fractions given by Li et al. (2011b) are [image: equation] for IIP, [image: equation] for IIL, [image: equation] for IIb, and [image: equation] for IIn. Our results are overall consistent with those of Li et al. (2011b), although the fractions of IIP and IIn are slightly lower and those of IIL and IIb are slightly larger. We include 87A-like events in our classification scheme, which were not involved in the sample of Li et al. (2011b). Graur et al. (2017) estimated the fraction of 87A-like events to be 8.3[image: equation]% and 0.0[image: equation]% in low- and high-mass galaxies, respectively. 87A-like events only exist in low-mass galaxies, so they are overrepresented in low-mass galaxies, the fraction of 87A-like events in all galaxies could be estimated as 3.5[image: equation]%, roughly consistent with our result.
4 The host galaxy sample
We constructed two galaxy samples in our study, one representing the host galaxies of our SN sample and the other including a full sample of nearby galaxies within 40 Mpc.
4.1 Host galaxies of our supernova sample
For each supernova in our sample, we examined the galaxy images near the supernova positions through the SIMBAD database to clarify its host galaxy, and then collected information of each host galaxy from the NED and Hyperlinked Extragalactic Databases and Archive7 (HyperLEDA; Makarov et al. 2014).
The host galaxy sample, hereafter the host sample, contains 191 galaxies. This is due to that two SNe (one type Ibc and one type II) of our sample do not show clear host galaxies and 17 galaxies are found to host multiple SNe: ESO 430-20 (SN 2019ejj and SN 2019fcn), IC 863 (SN 2016dsl and SN 2021foa), M 100 (SN 2019ehk and SN 2020oi) NGC 0493 (SN 2016hgm and SN 2022ywf), NGC 1359 (SN 2021aess and SN 2022yvw), NGC 1448 (SN 2020zbv and SN 2021pit), NGC 1532 (SN 2016iae and SN 2016ija), NGC 1672 (SN 2017gax and SN 2022aau), NGC 2139 (SN 2022qhy and SN 2023zcu), NGC 3256 (SN 2018ec and SN 2021afuq), NGC 3318 (SN 2017ahn and SN 2020aze), NGC 3938 (SN 2017ein and SN 2022xlp), NGC 4414 (SN 2021J and SN 2023hlf), NGC 4568 (SN 2020fqv and SN 2023ijd), NGC 5962 (SN 2016afa and SN 2017ivu), NGC 6951 (SN 2020dpw and SN 2021sjt), PGC 136560 (SN 2018afb and SN 2022xus).
The first six entries in the host-galaxy sample for our SNe Ia, SNe Ibc, and SNe II are listed in Tables B.1, B.2, and B.3, respectively. Full tables are available at the CDS, including the SN name, the host galaxy name, the coordinates, the decimal logarithm of the major axis measured at the isophotal level of 25 mag arcsec−2 in the B band8, the relative radial position of the SN in its host galaxy (the ratio between the projected offset of SN from its host-galaxy nucleus and half of the host major axis), the morphological type, type code, and stellar mass of the galaxy. We specially mention that, for E-S0 galaxies, we directly use the angle between the SN position and the host center as the offset angle to calculate the relative position of SN, while for other galaxies, we consider the effect of position angle and inclination. The stellar mass of host galaxy is estimated by fitting to its spectral energy distribution constructed with photometry in ultraviolet, optical, and near-infrared bands (see discussions in Sect. 4.2).
We group the Hubble types of host galaxies into eight bins as listed in Table 4, where the number of galaxies of each Hubble type in the host sample and GLADE+sample (details seen in Sect. 4.3) and the number of SNe hosted by galaxies of each Hubble type are also listed. In Fig. 9a we present the Hubble-type distribution for the host sample. Our SN sample shows a clear preference to occur in Sc galaxies but lacks inE, Sa and Irr galaxies. There is one galaxy (2MASXi J1357565-291725) labeled as S? in HyperLEDA, indicating that it can only be classified as a spiral galaxy, we did not include it in Figs. 9a and 10a.
In Fig. 10a we present the average stellar mass of galaxies of different Hubble types for the SN hosts. The average stellar mass for the Host sample is 0.605 × 1010 Mʘ. Among this sample, the most massive ones are elliptical galaxies, with an average stellar mass of 2.141 × 1010 Mʘ; for spirals, the average stellar mass declines from early to late types, and the mean stellar mass is only 0.065 × 1010 Mʘ for Scd galaxies.
Table 4 
Hubble-type bins.

	[image: thumbnail]	Fig. 9 Hubble-type distribution for the Host sample (upper panel) and the GLADE+ sample (lower panel). The cyan region shows the fraction of galaxies with stellar mass measurements for each Hubble type.



	[image: thumbnail]	Fig. 10 Average stellar mass derived for different Hubble types of galaxies in the Host sample (upper panel) and the GLADE+ sample (lower panel). The dashed cyan lines show the average stellar mass for the sample of SN hosts and the full galaxy sample from GLADE+.



4.2 Host stellar mass estimation
To calculate the stellar mass of the host galaxies, we require broadband photometric observations covering at least two wavelength ranges in UV, optical, IR and mid-IR to model the stellar population properties, so that the spectral energy distribution (SED) can be well sampled. We collected archival photometric observations for all host galaxies via NED. Observations in the UV, optical, IR, and mid-IR bands were obtained using the Galaxy Evolution Explorer (GALEX; Bouquin et al. 2018), Sloan Digital Sky Survey (SDSS, ugriz; Ahumada et al. 2020), Two-Micron All Sky Survey (2MASS; Skrutskie et al. 2006), and Wide-Field Infrared Survey Explorer (WISE; Wright et al. 2010), respectively. A similar aperture size is required for consistency in the SED fit whenever possible. All photometry was corrected for Galactic extinction along the line-of-sight of the SNe (Schlafly & Finkbeiner 2011).
We used Prospector (Leja et al. 2017; Johnson et al. 2021), a flexible code used to infer the parameters of stellar populations, to determine the host metallicity and stellar mass of the SNe. We fit the observational data with Prospector through a nested sampling fitting routine, dynesty (Speagle 2020). The prospector produces model SEDs with Flexible Stellar Population Synthesis (FSPS; Conroy et al. 2009; Conroy & Gunn 2010) using single stellar models through MIST (Paxton et al. 2018) and the MILES spectral library (Falcon-Barroso et al. 2011). For all Prospector fits, we used the Chabrier (2003) initial mass function (IMF) and a parametric delayed-T star formation history (SFH ∝ tet/τ), defined by the e-folding time τ. We also included the effects nebular emission in our simulation (Byler et al. 2017). Since we did not collect any spectra of the galaxies, we cannot measure the spectral line strengths to determine their metallicities, so we fixed the gas phase metallicity to solar in our modeling. For dust attenuation, we used the Kriek & Conroy (2013) model. The main fitting parameters include the total mass formed, stellar metallicity (Z*), V-band optical depth, stellar age of the galaxy (the maximum value allowed is the age of the Universe at a redshift of the galaxy), and the SFH parameter T. We present the best-fit SED and the corresponding parameters of the galaxy NGC 1209 (the host of SN 2018htt) in Figs. E.1 and E.2 as an example.
4.3 The GLADE+ sample
We constructed a full sample of galaxies within 40 Mpc using the extended version of Galaxy List for the Advanced Detector Era (GLADE+; Dálya et al. 2022). GLADE+ contains a total of ~22.5 million galaxies and is complete up to a luminosity distance of ~44 Mpc in terms of the cumulative B-band luminosity of galaxies. They also derived stellar masses for galaxies with WISE W1-band magnitudes. We extracted all galaxies with distances smaller than 40 Mpc from GLADE+ and checked the Hubble types of each galaxy in HyperLEDA. The final galaxy sample, hereafter the GLADE+ sample, consists of 8790 galaxies with known Hubble types and 6021 of them with known stellar masses. The stellar mass information of the host sample is also contained in the GLADE+ sample. We present the Hubble-type distribution for our GLADE+ galaxy sample and the fraction of galaxies with stellar mass measurements for each Hubble type in Fig. 9a. Irr and Scd galaxies are the two most abundant types in the local Universe, taking up 48% and 34% of the total sample, respectively. However, the stellar mass information coverage of these two Hubble types is remarkably lower than other types. For the rest Hubble types, the fractions of galaxies with stellar mass measurements are all over 75%, while the numbers of E, S0 and Sc galaxies are notably larger than those of Sa, Sb and Sbc galaxies. A total of 393 galaxies in the GLADE+ sample are labeled as S? in HyperLEDA, and 271 of them have stellar mass measurements, with an average stellar mass of 0.05091 × 1010 Mʘ, we do not include them in Figs. 9b and 10b.
We then calculated the average stellar mass of the 6021 GLADE+ galaxies with stellar-mass measurements. The results are shown for each Hubble type in Fig. 10b and the dashed cyan line represents the average for a total of 6021 galaxies, which is 0.257 × 1010 Mʘ. The stellar mass distribution shows a clear difference from the galaxy number distribution. The average stellar mass peaks in E-S0 galaxies and then declines rapidly from early to late type spirals. The most abundant types of galaxies in the local Universe, the Irr and Scd galaxies, turn out to have the lowest stellar mass, that is, with a fraction of ~4.0% and ~12.1% of the average value of the whole GLADE+ sample, respectively.
4.4 Comparison of the two galaxy samples
The distributions of Hubble types for the Host and GLADE+ samples show clear differences. Among the GLADE+ sample, the Irr and Scd galaxies are found to be the most abundant types in the local Universe, but most of them do not host any SNe, perhaps due to their low stellar mass. Moreover, compared to the GLADE+ sample, SNe shows clear preferences to occur in Sc galaxies and Sb galaxies. The relative number of elliptical galaxies hosting SNe in our sample is much smaller than that of the GLADE+ sample. However, the stellar mass shows an overall similar distribution for the two galaxy samples, except that the average stellar mass of the Host sample is ~1.4 times larger than that of the GLADE+ sample. In particular, for elliptical galaxies, the stellar mass derived from the SN host sample is ~3-4 times larger than that from the GLADE+ sample, suggesting that the elliptical galaxies hosting SNe lie at the extremely massive end.
	[image: thumbnail]	Fig. 11 Hubble-type distribution of our SN host sample compared to that of the Lick sample (Li et al. 2011b). The solid black lines are for our SN sample, while the dashed red lines are interpolated from the Li et al. (2011b) sample. The blue line in the upper panel represents the double Gaussian fit to the SN Ia distribution.



5 Host environment of different types of supernovae
5.1 Host Hubble types
We compared the host galaxy hubble types of our SN sample with those of the Li et al. (2011b) sample, as shown in Fig. 11. From the stellar mass given by GLADE+ and the SN rate parameters given in Table 4 of Li et al. (2011a), we are able to calculate the expected number distribution of each subtype of SNe in galaxies of different Hubble types by adopting their SN rates and rate-size relation. The results are shown as red dashed lines in Fig. 11. For galaxies marked with the "S?" type, we redistributed them into all types of spirals according to their relative fractions. One can see that CCSNe rarely occurs in early-type galaxies (E and S0) but both SNe Ibc and SNe II peak in Sc galaxies, consistent with the trend seen in the Li et al. (2011b) sample. The same trend was also suggested by Cronin et al. (2021) that CCSNe preferentially explode in late-type galaxies. Given the massive star origin of CCSNe, this distribution is not surprising.
However, we notice that, for our SN sample, the number of SNe Ibc discovered in Sc, Scd, and irregular galaxies, and the number of SNe II in Scd galaxies seems to be noticeably smaller than the Li et al. (2011b) sample. The lack of SNe Ibc in these types of galaxies could be partly due to the bias caused by small-number statistics. If comparing the Hubble-type distribution between our Host, GLADE+ sample (Fig. 9) and the galaxy sample from LOSS (Leaman et al. 2011) (see the upper left panel of their Fig. 2, hereafter the Lick sample), we find that the Hubble-type distribution of the Lick sample is more similar to that of our Host sample. For instance, there are smaller numbers of E and Irr galaxies and relatively larger numbers of spirals. Moreover, the distribution of average stellar mass of the Lick sample (see the upper panel of their Fig. 3) is also more consistent with that of our host sample, rather than the GLADE+ sample. In particular for the Scd- and Irr-type galaxies, the ratio between their average stellar masses and those of other Hubble types is higher for the Lick sample than for the GLADE+ sample. Therefore, it is likely that Li et al. (2011a) overestimated the CCSNe rate in the Irr and Scd galaxies because of their preference for more massive (brighter) Scd and Irr galaxies in the Lick sample.
As can be seen in Fig. 11, the number distribution of our SN Ia sample shows a distinct double peak structure in earlytype S0 and late-type Sc galaxies, with an extreme excess in Sc galaxies compared to the Li et al. (2011b) sample. As the starforming activities in Sc galaxies are not remarkably more active than other Hubble-type galaxies according to the distribution of CCSNe, this number excess in Sc galaxies could be intrinsic. On the other hand, since the elliptical and S0 galaxies are mainly composed of relatively old populations, the double peak structure could suggest two different populations of SNe Ia. One group is the “prompt” component, which originates from young stellar populations in late-type spirals and has a very short time delay when evolving from their progenitor systems to the catastrophic explosion. The other group is the so-called “delayed” component, which arises from old progenitor populations in E and S0 galaxies and has delay time as long as billions of years. For SNe Ia, the delay time measures the duration between an instantaneous burst of star formation and the final resulted SN Ia explosion. The double peak structure we discovered gives inspiration to the simulation of the delay time distribution (DTD) of SNe Ia in Paper II of our study, suggesting a two-component model for SN Ia DTD, with the prompt and delayed components corresponding to the young and old stellar population in late-type spirals and E-S0 galaxies, respectively. Performing a double Gaussian fit, we suggest a fraction of 41.9% for the delayed component and a fraction of 58.1% for the prompt component.
We further investigated the distribution of host-galaxy Hubble types for different subtypes of SNe Ia in Fig. 129. As can be seen, normal SNe Ia can occur in host galaxies with a wide range of Hubble types, and it also shows a prominent double peak structure. It is clear that the 02cx-like events occur only in late-type star-forming spirals; while the 91bg-like events occur preferentially in E-S0 galaxies, with a minor fraction in spirals. The 91T-like SNe are also found to explode preferentially in late-type spirals. The distributions in host-galaxy Hubble types indicate different delay time and hence progenitor properties for different SN Ia subtypes. Thus, the delay time of 02cx-like explosions should be much shorter than that of the 91bg-like events with older stellar populations. We note, however, that two 91bg-like SNe Ia are found in Sc galaxies (i.e., SN 2017igf in NGC 3901 and SN 2022xkq in NGC 1784), both located in the spiral arms of their hosts, probably indicating the existence of a different progenitor channel for the 91bg-like objects.
	[image: thumbnail]	Fig. 12 Number distribution of different subtypes of SNe Ia in different Hubble types of galaxies.



	[image: thumbnail]	Fig. 13 Cumulative fractions for the distributions of host stellar mass for SNe Ia (blue), Ibc (black), II (red) in the upper panel and their detailed subtypes in the lower three panels, respectively.



5.2 Stellar mass
The cumulative fractions for the stellar mass distribution of our SN hosts are shown in the upper panel of Fig. 13. SNe Ia show a significant preference for residing in massive hosts, while the distributions for SNe Ibc and II are well consistent. The stellarmass distributions of SNe Ia and CCSNe show a statistically significant difference, with p = 0.0007 from a K-S test.
For SNe Ia, no clear differences are found between subtypes of SNe Ia except for 02cx-like events, which tend to explode in low-mass hosts. We ran a K-S test between normal Ia and 02cx-like events and derived a p value of 0.109. The difference in the cumulative fraction distribution is not statistically significant according to the K-S test, but this could be due to the small sample of 02cx-like SNe Ia.
For CCSNe sample, the most visually apparent difference occurs between SNe Ic and SNe Ic-BL, although the K-S test suggests that this difference is not that significant, i.e., with p = 0.318. This is consistent with previous results that hosts of SNe Ic-BL generally have a lower stellar mass than those of other types of CCSNe (Kelly & Kirshner 2012; Schulze et al. 2021). The host stellar mass distributions are roughly the same for all subtypes of SNe II. The difference between SNe IIP and SNe IIb is slightly larger but not statistically significant (p = 0.262). We list the results of all the statistical K-S tests in the second column of Table 5.
We then calculated the projected stellar-mass density ΣM using the equation Σm = log10(M/πAB), where M is the stellar mass (in units of Mʘ), A and B are the semimajor and semiminor axes (in units of kpc) of the galaxy at the isophotal level 25 mag/arcsec2 in B-band corrected for galactic extinction and inclination effect. The relation between host-galaxy stellar mass density and stellar mass is shown in Fig. 14. The host stellar mass and stellar mass density of all types of SNe follow a positive linear correlation. For different subtypes, we find that the hosts of 02cx-like events have lower stellar mass density for their stellar mass compared to other subtypes, as most of them distribute below the cyan line, while the hosts of SNe Ic-BL show the opposite trend to locate above the cyan line. As suggested by Kelly et al. (2014), higher stellar mass density corresponds to higher metallicity on average, we can conclude that the host environment of 02cx-like events tends to be metal-poor, while that of SNe Ic-BL prefers to be metal-rich.
Table 5 
P values of the K-S tests derived for stellar-mass and radial distributions between different subtypes of SNe.

	[image: thumbnail]	Fig. 14 Host stellar mass versus the stellar mass density. SNe Ia, Ibc, and II are shown by the color blue, black, and red, respectively. The subtypes are displayed with different shapes. The cyan line is the linear fit of the correlation to the total SN sample.



	[image: thumbnail]	Fig. 15 Cumulative fractions for the radial distributions of SNe Ia (blue), Ibc (black), and II (red) in the upper panel and their detailed subtypes in the following three panels, respectively.



5.3 Radial distribution
We show the cumulative fractions of the radial distributions derived for SNe Ia, Ibc, and II in the upper panel of Fig. 15. Significant differences were found between SNe Ibc and SNe Ia/II. We ran K-S tests on the radial distribution and derived a p value of 0.018 and 0.010, respectively. It is obvious that SNe Ibc prefers to locate in more central regions in their host galaxies compared to SNe Ia and SNe II. This is consistent with the results of Anderson & James (2009) and Cronin et al. (2021) that SNe Ibc dominates the production of CCSNe within the central parts of spiral galaxies, while in the disc SNe II become more dominant. More recently, Audcent-Ross et al. (2020) found a relative deficit of SNe Ia in central regions of galaxies, in agreement with our findings.
Among SNe Ia, 91T-like events show a tendency to explode in the inner region of their host galaxies. In contrast, 02cx-like events prefer to occur in the outermost region of their hosts. The K-S test indicates that the radial distribution of the 91T-like and the 02cx-like subtypes is not similar, with a p value of 0.079. We also split normal Ia into the HV (IaH) and NV (IaN) subtypes and show the cumulative fractions of their radial distributions in Fig. 15. The HV SNe Ia prefer to occur in the inner regions of their host galaxies compared to the NV counterparts, although the difference is not that substantial according to the p value of the K-S test.
Observations have shown that negative metallicity gradients are common in both the Milky Way and many external galaxies, in the sense that the heavy element abundances decrease systematically outward from the center of galaxies (Henry & Worthey 1999). This indicates that the progenitor populations are metal-poor for 02cx-like SNe Ia but are metal-rich for SNe Ibc, 91T-like, and HV SNe Ia.
In Fig. 16, we present the correlation between the stellar mass of host and the relative SN offset from the center of their hosts. For most subtypes, no correlation could be found, except for 91bg-like, IIL, IIb, and IIn that present a tendency to explode at smaller offsets when they occur in more massive hosts.
	[image: thumbnail]	Fig. 16 Stellar mass of host galaxies versus the SN offsets from the center of the hosts. SNe Ia, Ibc, and II are shown by the color blue, black, and red lines, respectively. The subtypes are shown with different shapes.



6 Conclusions
We established a relatively complete nearby SN catalog based on the discoveries made over the period from year 2016 to 2023 when the SN searches enter into the wide-field survey era. After applying a distance cut of 40 Mpc, we collected a sample containing 211 SNe, of which 69 are SNe Ia, 34 are SNe Ibc, and 109 are SNe II. The main advantages of this new nearby SN sample follow as: (1) having reliable subtype classifications owing to abundant spectroscopic information and light curve evolution; (2) suffering less observation bias due to the magnitude limit in the SN surveys; (3) obtaining relatively complete Hubble-type classifications for the host galaxies. After corrections for the possible Malmquist bias, the fractions of SNe Ia, Ibc, and II are derived as [image: equation], [image: equation] and [image: equation], respectively. Compared with the Li et al. (2011b) result, the fraction of SNe Ia in the 40-Mpc sample shows a non-negligible increase, likely related to the change in the birth environments of SNe Ia.
The host galaxy catalog was accordingly built for the 40-Mpc SN sample, which contains a total of 191 galaxies. Combining it with the SN catalog, we find that most of our SNe tend to reside in Sc galaxies, while they are relatively sparse in E, Sa, and Irr galaxies. This Hubble-type distribution shows significant differences from that of the full 40-Mpc nearby galaxy sample established with the GLADE+ database, in which the galaxy samples are dominated by Irr, Scd, and E/S0 types. We also compared the hosts of our SN sample with that of Li et al. (2011b), and found that this distribution is similar for CCSNe but shows a noticeable difference for SNe Ia. For the latter, a prominent double-peak structure exists in early-type S0 and late-type Sc galaxies, with an excess distribution in Sc galaxies. This structure could suggest a two-component model for the delayed time distribution of SNe Ia, with a prompt component corresponding to the young stellar progenitor population (i.e., in late-type spirals) and a delayed component corresponding to the old stellar progenitor population (i.e., in E-S0 galaxies), respectively. We further examined the hosts of each SN Ia subtype and found that 91T-like and 02cx-like events tend to occur in star-forming spirals, whereas 91bg-like events prefer in E-S0 galaxies having an old stellar population, as previously suggested.
We further examined the stellar mass of the host galaxies and the comparison galaxy samples, and found that the average stellar mass of the GLADE+ sample is only ~40% of the value derived from our SN-host sample. In particular, the stellar mass of elliptical hosts is about 4 times larger than the average value of the GLADE+ elliptical galaxies, suggesting that stellar mass is the dominant factor affecting SN Ia production in those tardy galaxies. In contrast, the average stellar mass of the most SN-productive Sc-type galaxies show much less significant differences between the SN hosts and the GLADE+ sample (i.e., 0.25 vs. 0.15 in units of 1010 Mʘ). For the 40-Mpc SN sample, the hosts of SNe Ia are more massive than those of CCSNe, while the hosts of SNe Ic-BL and 02cx-like objects tend to have lower stellar masses than other subtypes of SNe, consistent with their origins of less massive star-forming galaxies.
Analysis of the radial distribution of the 40-Mpc SNe in their host galaxies came to the following conclusions: (1) SNe Ibc tend to occur closer to the center of their host galaxies relative to SNe Ia and II; (2) Among SNe Ia, the HV subtype (and perhaps 91T-like events) reside preferentially in inner regions of their hosts compared to other subtypes of SNe Ia, especially the 02cx-like events; (3) CCSNe of different subtypes do not show significant differences in their radial distribution. Given the negative metallicity gradients in most disk galaxies, we would expect that SNe Ibc and HV SNe Ia are likely associated with metal-rich progenitors, while 02cx-like events tend to originate from metal-poorer progenitors. By considering the correlations between host-galaxy stellar mass/SN offset with stellar mass density, we find that 91bg-like, IIL, IIb, and IIn tend to explode at smaller offsets when they occur in more massive hosts.
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Appendix A  SNe sample
Table A.1 
The SNe Ia sample(a).

Table A.2 
SNe Ibc sample.

Table A.3 
SNe II sample(a)


Appendix B  The host galaxy sample
Table B.1 
Galaxy sample for SNe Ia(a).

Table B.2 
Galaxy sample for SNe Ibc.

Table B.3 
Galaxy sample for SNe II.


Appendix C  References for photometry data
Table C.1 
References for photometry data.


Appendix D  The Miller diagrams
In this section, we present all Miller diagrams for each subtype of SNe after bias correction, except for 91T/02cx/87A-like events and Ia-SC for their small sample sizes. The black dots in each figure are the original data and the red dots represent SNe that were added to account for the Malmquist bias.
	[image: thumbnail]	Fig. D.1 Miller diagrams for the normal Ia sample after the bias-correction process. The black dots are the original data while the red dots are SNe that were added to account for the Malmquist bias. The whole process stops at μ = 33.01 (40 Mpc).



	[image: thumbnail]	Fig. D.2 Same as Fig. D.1 but for the 91bg-like sample.



	[image: thumbnail]	Fig. D.3 Same as Fig. D.1 but for the SNe Ib sample.



	[image: thumbnail]	Fig. D.4 Same as Fig. D.1 but for the SNe Ic sample.



	[image: thumbnail]	Fig. D.5 Same as Fig. D.1 but for the SNe IIP sample.



	[image: thumbnail]	Fig. D.6 Same as Fig. D.1 but for the SNe IIL sample.



	[image: thumbnail]	Fig. D.7 Same as Fig. D.1 but for the SNe IIb sample.



	[image: thumbnail]	Fig. D.8 Same as Fig. D.1 but for the SNe IIn sample.




Appendix E  Prospector fitting example
	[image: thumbnail]	Fig. E.1 Prospector fit SED for galaxy NGC 1209.



	[image: thumbnail]	Fig. E.2 Prospector fit parameters for the SED of NGC 1209. Five parameters fit stand for total mass formed (mass, in unit of 1010 Mʘ), stellar metallicity (logzsol = log(Z*/Zʘ)), V-band optical depth (dust2), stellar age (tage, in unit of Gyr) and the SFH parameter (τ, in unit of Gyr),respectively.




Appendix F  Spectra
In this section we present part of the spectra used in our work, full data would be available on reasonable request.
	[image: thumbnail]	Fig. F.1 Spectra used for classification of our SNe Ia sample (part one), Normal Ia, 91bg-like, 91T-like and 02cx-like events are represented by the color blue, cyan, orange and pink, respectively.
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1 https://www.wiserep.org/


2 https://www.wis-tns.org/


3 The reason why we first chose 60 Mpc is that the luminosity function sample (the volume-limited sample which was later corrected to 100% completeness) constructed by Li et al. (2011b) has a cutoff distance of 60 Mpc. As we aim to construct a relatively complete nearby SN sample, the cutoff distance should be: (1) not too large so that the collected SN sample is not severely biased; (2) not too small so that the sample size is large enough to avoid severe statistical uncertainty.


4 https://ned.ipac.caltech.edu/


5 http://simbad.u-strasbg.fr/Simbad


6 In our later statistics, we count this SN as one Ibn and one IIn when calculating the fractions of subtypes of SNe Ibc and II, when calculating the fractions of Ibc and II in the total SN sample in Sect. 3 and the SN rates in Paper II of the series, we count it as 0.5 Ibc and 0.5 II.


7 http://leda.univ-lyon1.fr/


8 The major axis is in unit of arcsecond, and its measurement has been corrected for the galactic extinction and inclination effect.


9 HyperLeda does not give a Hubble type classification for the host of the 91T-like SN 2021dsz (i.e., WISEA J042253.55+363641.0).
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	[image: thumbnail]	Fig. D.1 Miller diagrams for the normal Ia sample after the bias-correction process. The black dots are the original data while the red dots are SNe that were added to account for the Malmquist bias. The whole process stops at μ = 33.01 (40 Mpc).
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	[image: thumbnail]	Fig. E.2 Prospector fit parameters for the SED of NGC 1209. Five parameters fit stand for total mass formed (mass, in unit of 1010 Mʘ), stellar metallicity (logzsol = log(Z*/Zʘ)), V-band optical depth (dust2), stellar age (tage, in unit of Gyr) and the SFH parameter (τ, in unit of Gyr),respectively.
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	[image: thumbnail]	Fig. F.1 Spectra used for classification of our SNe Ia sample (part one), Normal Ia, 91bg-like, 91T-like and 02cx-like events are represented by the color blue, cyan, orange and pink, respectively.
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      Table 1 

      Number of spectra collected from different sources.

      
        


	Type
	WISeREP
	LCO
	XLT
	LJT





	Ia
	25
	28
	13
	2



	Ibc
	15
	11
	6
	2



	II
	60
	23
	20
	5



	Total
	100
	62
	39
	9





      

    

  
    
      Fig. 1 
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        Number distribution of our SN sample as a function of distance for Ia (left), Ibc (middle), and II (right) samples, respectively. We adjust the distance bin from 10 Mpc to 5 Mpc for SNe II because its sample size at around 40 Mpc is rather large for this type. The dashed lines represent the expected number distribution of SNe ∝ d3.

      

    

  
    
      Fig. 2 
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        Peak absolute magnitude distributions for different types of CCSNe. The dashed lines represent the corresponding detection limits of ASAS-SN at different distances.

      

    

  
    
      Fig. 3 
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        Number of SNe discovered by different surveys in our sample. SNe Ia, Ibc and II are represented by blue, pink, and cyan colors, respectively. Apart from amateurs, most SNe were discovered by ASAS-SN, ATLAS, ZTF, and DLT40 project.

      

    

  
    
      Table 2 

      Detection limits of main surveys.

      
        


	Survey
	Detection limits/mag
	Band
	Reference





	ATLAS
	~19.5
	o
	(6), (8)



	ASASSN
	~17-18
	V
	(3), (5)



	ZTF
	~20.8
	g
	(1), (4)



	DLT40
	~19-20
	r
	(7)



	GaiaAlerts
	20.7
	G
	(2)



	K. Itagaki
	~17.8
	
	





      

      
Notes. (1) Bellm et al. (2019); (2) Hodgkin et al. (2021); (3) Kochanek et al. (2017); (4) Masci et al. (2019); (5) Shappee et al. (2014); (6) Smith et al. (2020); (7) Tartaglia et al. (2018); (8) Tonry et al. (2018).




    

  
    
      Fig. 4 
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        Sky location of our SN sample.

      

    

  
    
      Table 3 

      Fractions of subtypes of SNe.

      
        


	Type
	Observed fraction
	Bias-corrected fraction





	Ia
	32.7%
	[image: equation]



	Ibc
	15.9%
	[image: equation]



	II
	51.4%
	[image: equation]



	SLSN
	0%
	[image: equation]



	normal Ia
	71.0%
	[image: equation]



	91bg-like
	14.5%
	[image: equation]



	91T-like
	5.8%
	[image: equation]



	02cx-like
	7.3%
	[image: equation]



	Ia-SC
	1.5%
	[image: equation]



	02es-like
	0%
	[image: equation]



	Ib
	20.6%
	[image: equation]



	Ibn
	8.8%
	[image: equation]



	Ic
	38.2%
	[image: equation]



	Ic-BL
	17.7%
	[image: equation]



	Ib/c
	14.7%
	[image: equation]



	IIP
	70.6%
	[image: equation]



	IIL
	7.3%
	[image: equation]



	IIb
	11.9%
	[image: equation]



	IIn
	6.4%
	[image: equation]



	87A-like
	2.8%
	[image: equation]



	II
	0.9%
	[image: equation]





      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Observed fractions of different subtypes of our SN sample.

      

    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
        Absolute r-band peak magnitudes of all SNe.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Miller diagram for our SN IIP sample. The diagonal line is mL, while the horizontal line is ML. The two vertical lines at different distance modulus separate the volume within μ2 into a sphere and a concentric spherical shell. A, B, C and D represent the four regions of the volume within μ2 separated by the ML and the μ = μ1 lines.

      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        Bias-corrected fractions of supernova subtypes.

      

    

  
    
      Table 4 

      Hubble-type bins.

      
        


	Symbol
	Type
	Host (a)
	SNe (b)
	GLADE+(c)





	E
	E, E-S0
	12
	12
	1150



	S0
	S0, S0-a
	24
	26
	814



	Sa
	Sa, Sab
	10
	10
	401



	Sb
	Sb
	31
	35
	423



	Sbc
	Sbc
	21
	24
	430



	Sc
	Sc
	56
	62
	1149



	Scd
	Scd, Sd, Sm
	19
	20
	1671



	Irr
	Irr
	10
	11
	2355





      

      
Notes. (a) The number of galaxies of each Hubble type in the Host sample. (b) The number of SNe hosted by galaxies of each Hubble type. (c) The number of galaxies of each Hubble type in the GLADE+ sample.




    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Average stellar mass derived for different Hubble types of galaxies in the Host sample (upper panel) and the GLADE+ sample (lower panel). The dashed cyan lines show the average stellar mass for the sample of SN hosts and the full galaxy sample from GLADE+.

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Hubble-type distribution of our SN host sample compared to that of the Lick sample (Li et al. 2011b). The solid black lines are for our SN sample, while the dashed red lines are interpolated from the Li et al. (2011b) sample. The blue line in the upper panel represents the double Gaussian fit to the SN Ia distribution.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Number distribution of different subtypes of SNe Ia in different Hubble types of galaxies.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Cumulative fractions for the distributions of host stellar mass for SNe Ia (blue), Ibc (black), II (red) in the upper panel and their detailed subtypes in the lower three panels, respectively.

      

    

  
    
      Table 5 

      P values of the K-S tests derived for stellar-mass and radial distributions between different subtypes of SNe.

      
        


	Samples
	p-value for stellar mass
	p-value for offset





	Ia vs. Ibc
	0.010
	0.018



	Ia vs. II
	0.001
	0.272



	Ibc vs. II
	0.189
	0.010



	Ia normal vs. 91bg-like
	0.262
	0.502



	Ia normal vs. 91T-like
	0.287
	0.027



	Ia normal vs. 02cx-like
	0.109
	0.333



	91bg-like vs. 91T-like
	0.984
	0.010



	91bg-like vs. 02cx-like
	0.019
	0.655



	91T-like vs. 02cx-like
	0.016
	0.079



	IaH vs. IaN
	0.907
	0.249



	Ib vs. Ibn
	0.850
	0.400



	Ib vs. Ic
	0.821
	0.821



	Ib vs. Ic-BL
	0.909
	0.545



	Ib vs. Ib/c
	0.838
	0.737



	Ibn vs. Ic
	0.732
	0.732



	Ibn vs. Ic-BL
	0.286
	0.857



	Ibn vs. Ib/c
	0.464
	0.464



	Ic vs. Ic-BL
	0.319
	0.176



	Ic vs. Ib/c
	0.211
	0.981



	Ic-BL vs. Ib/c
	0.873
	0.873



	IIP vs. IIL
	0.764
	0.520



	IIP vs. IIb
	0.262
	0.819



	IIP vs. IIn
	0.877
	0.660



	IIP vs. 87A-like
	0.436
	0.382



	IIL vs. IIb
	0.897
	0.967



	IIL vs. IIn
	0.376
	0.376



	IIL vs. 87A-like
	0.709
	0.927



	IIb vs. IIn
	0.468
	0.760



	IIb vs. 87A-like
	0.338
	0.725



	IIn vs. 87A-like
	0.333
	0.679





      

    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        Host stellar mass versus the stellar mass density. SNe Ia, Ibc, and II are shown by the color blue, black, and red, respectively. The subtypes are displayed with different shapes. The cyan line is the linear fit of the correlation to the total SN sample.

      

    

  
    
      Fig. 15 

      
        [image: thumbnail]
      

      
        Cumulative fractions for the radial distributions of SNe Ia (blue), Ibc (black), and II (red) in the upper panel and their detailed subtypes in the following three panels, respectively.

      

    

  
    
      Fig. 16 

      
        [image: thumbnail]
      

      
        Stellar mass of host galaxies versus the SN offsets from the center of the hosts. SNe Ia, Ibc, and II are shown by the color blue, black, and red lines, respectively. The subtypes are shown with different shapes.

      

    

  
    
      Table A.1 

      The SNe Ia sample(a).

      
        


	SN
	Type(b)
	Discoverer
	Disc, date(c)
	Spec. ID(d)
	Mr(e)
	Galactic extinction (r)/mag
	E(B-V)/mag
	ra
	dec
	Redshift
	Distance/Mpc
	Method(g)
	Reference(h)
	Host
	Offset(i)





	SN 2016coj
	IaH
	LOSS
	2016/05/28
	
	−19.0±0.2
	0.043
	≲ 0.020
	12:08:06.800
	+65:10:38.24
	0.004483
	24.90±1.75
	Tully est
	(7)
	NGC 4125
	12.38



	SN 2016eiy
	IaH
	ASAS-SN
	2016/07/26
	25095
	−18.5±0.1
	0.289
	
	 13:34:38.640
	−23:40:53.04
	0.002
	35.00±2.45
	Virgo Infall
	(4)
	ESO 509-IG 064
	9.56



	SN 2016gwl
	IaN
	GaiaAlerts
	2016/10/02
	15794
	
	0.192
	
	 09:23:28.008
	−23:10:10.92
	0.009
	39.55±2.77
	Tully est
	(7)
	NGC 2865
	42.32



	SN 2016hsc
	IaN
	GaiaAlerts
	2016/10/01
	25009
	−17.2±0.1
	0.218
	
	 06:32:25.152
	−71:34:04.08
	0.006
	28.70±2.00
	Virgo Infall
	(4)
	PGC 179577
	3.09



	SN 2017bzc
	IaN
	BOSS
	2017/03/07
	
	−19.4±0.1
	0.032
	
	 23:16:14.690
	−42:34:10.90
	0.005365
	23.43±1.64
	Tully-Fisher
	(7)
	NGC 7552
	69.62



	SN 2017cbv
	IaN
	DLT40
	2017/03/10
	75276
	−19.1±0.1
	0.386
	
	 14:32:34.420
	−44:08:02.74
	0.003999
	15.02±1.05
	Tully-Fisher
	(7)
	NGC 5643
	161.11





      

      
Notes. (a)Only the first 6 entries are shown, a full table is available at the CDS. (b)For normal Ia, we further divide them into high velocity (IaH) and normal velocity (IaN) according to the classification scheme of Wang et al. (2009). (c)The date of discovery. (d)Spectrum ID in WISeREP of the spectrum used. (e)The r-band peak magnitude after extinction correction. (f)Host galaxy extinction, for SNe given in Table C.1, the adopted values are taken from the corresponding references in Table C.1, for the rest SNe, the extinction values are estimated from Na I D absorption lines if high resolution spectra are available. (g)Methods for the distance measurements. (h)References for the distance measurements. (i)The offset angle from host galaxy nucleus (in arcsec).

References. (1) Courtois & Tully (2012); (2) Karachentsev et al. (2006); (3) Lagattuta et al. (2013); (4) Mould et al. (2000); (5) Nasonova et al. (2011); (6) Sorce et al. (2014); (7) Tully & Fisher (1988); (8) Tully et al. (2013); (9) Tully et al. (2016); (10) Willick et al. (1997).




    

  
    
      Table A.2 

      SNe Ibc sample.

      
        


	SN
	Type
	Discoverer
	Disc, date
	Spec. ID
	Mr
	Galactic extinction(r)/mag
	E(B-V)/mag
	ra
	dec
	Redshift
	Distance/Mpc
	Method
	Reference
	Host
	Offset





	SN2016bau
	Ib
	Amateur
	2016/03/13
	
	−17.5±0.3
	0.038
	0.566±0.046
	11:20:59.020
	+53:10:25.60
	0.003856
	23.16±1.62
	Tully-Fisher
	(7)
	NGC 3631
	37.94



	SN2016cdd
	Ib
	ASAS-SN
	2016/05/14
	
	
	0.421
	
	12:31:53.636
	−51:44:50.83
	0.008731
	29.92±2.10
	Tully est
	(7)
	ESO 218-8
	1.15



	SN2016coi
	Ic-BL
	ASAS-SN
	2016/05/27
	
	−18.2±0.2
	0.194
	
	21:59:04.100
	+18:11:10.70
	0.0036
	18.83±1.32
	Tully est
	(7)
	UGC 11868
	32.89



	SN2016dsl
	Ibc
	GaiaAlerts
	2016/02/24
	27740
	
	0.186
	
	13:17:13.200
	−17:15:06.50
	0.008
	36.38±2.55
	Tully-Fisher
	(3)
	IC 863
	14.89



	SN2016G
	Ic-BL
	Amateur
	2016/01/09
	
	−17.7±0.2
	0.359
	
	03:03:57.700
	+43:24:03.60
	0.009
	39.25±2.75
	Tully-Fisher
	(5)
	NGC 1171
	16.52



	SN2016iae
	Ic
	ATLAS
	2016/11/07
	
	−17.1±0.2
	0.035
	
	04:12:05.530
	−32:51:44.53
	0.004
	13.62±0.96
	Tully-Fisher
	(7)
	NGC 1532
	44.91





      

      
Notes. The meaning of each column is the same as Table A.1. The full table is available at the CDS.




    

  
    
      Table A.3 

      SNe II sample(a)

      
        


	SN
	Type
	Discoverer
	Disc, date
	Spec. ID
	Mr(b)
	Galactic extinction(r)/mag
	E(B-V)/mag
	ra
	dec
	Redshift
	Distance/Mpc
	Method
	Reference
	Host
	Offset





	SN2016aai
	IIP
	Pan-STARRS
	2016/02/04
	
	−16.4±0.3
	0.103
	
	12:50:28.032
	−10:50:29.02
	0.007972
	36.74±2.57
	Tully-Fisher
	(9)
	MCG -02-33-020
	51.10



	SN2016adj
	IIb
	BOSS
	2016/02/08
	
	−15.5±0.1
	0.263
	0.600±0.060
	13:25:24.110
	−43:00:57.50
	0.001825
	4.46±0.32
	Tully est
	(7)
	NGC 5128
	40.07



	SN2016adl
	IIP
	ASAS-SN
	2016/02/08
	20764
	−15.9±0.2
	0.098
	
	11:51:56.200
	−13:25:03.10
	0.00652
	31.50±2.2
	Virgo Infall
	(4)
	GALEXASC J115155.68-132459.3
	8.49



	SN2016afa
	II-87A
	XOSS
	2016/02/12
	22102
	−16.9±0.2
	0.124
	
	15:36:32.470
	+16:36:36.70
	0.007
	35.71±2.50
	Tully-Fisher
	(9)
	NGC 5962
	14.33



	SN2016aqf
	IIP
	ASAS-SN
	2016/02/26
	57354
	−16.2±1.2
	0.126
	≲ 0.031
	05:46:23.907
	−52:05:18.86
	0.004
	15.50±1.09
	Tully est
	(7)
	NGC 2101
	7.74



	SN2016B
	IIP
	ASAS-SN
	2016/01/03
	
	−17.0±0.8
	0.048
	
	11:55:04.246
	+01:43:06.78
	0.004293
	26.29±1.84
	Virgo Infall
	(4)
	PGC 037392
	11.21





      

      
Notes. (a)The meaning of each column is the same as Table A.1. (b)For type IIP, we use their plateau phase maximum instead. The full table is available at the CDS.




    

  
    
      Table B.1 

      Galaxy sample for SNe Ia(a).

      
        


	SN
	Host
	ra (b)
	dec (c)
	log(d25/0.1arcmin)(d)
	dSN/d25 (e)
	Type (f)
	Note
	t(g)
	M*(h)





	SN2016coj
	NGC 4125
	12:08:06.017
	+65:10:26.88
	1.77 ± 0.04
	0.069
	E
	
	~4.8 ± 0.6
	2.600 ± 0.300



	SN2016eiy
	ESO 509-IG 064
	13:34:39.3
	−23:40:50
	1.16 ± 0.06
	0.206
	Sab
	Multiple (i)
	1.5 ± 3.3
	0.030 ± 0.020



	SN2016gwl
	NGC 2865
	09:23:30.205
	−23:09:41.37
	1.39 ± 0.03
	0.512
	E
	Bar
	~4.2 ± 1.3
	0.559 ± 0.083



	SN2016hsc
	PGC 179577
	06:32:24.5
	−71:34:04
	
	
	
	
	
	0.004 ± 0.004



	SN2017bzc
	NGC 7552
	23:16:10.767
	−42:35:05.39
	1.59 ± 0.02
	0.596
	Sab
	Bar
	2.4 ± 0.7
	2.000 ± 1.000



	SN2017cbv
	NGC 5643
	14:32:40.778
	−44:10:28.60
	1.72 ± 0.02
	0.871
	Sc
	Bar, Ring
	5.0 ± 0.3
	1.500 ± 0.900





      

      
Notes. (a)Only the first 6 entries are shown, full table is available at the CDS. (b)Right ascension of the core of the galaxy. (c)Declination of the core of the galaxy. (d)The decimal logarithm of the length of the projected major axis of the galaxy at the isophotal level 25 mag/arcsec2 in B-band corrected for galactic extinction and inclination effect. (e)The ratio of the offset angle and d25. (f)The morphological type of the galaxy. (g)The morphological type code. (h)Stellar mass in unit of 1010Mʘ. (i)Multiple galaxies.




    

  
    
      Table B.2 

      Galaxy sample for SNe Ibc.

      
        


	SN
	Host
	ra
	dec
	log(d25/0.1arcmin)
	dSN/d25
	Type
	Note
	t
	M*





	SN2016bau
	NGC 3631
	11:21:02.887
	+53:10:10.415
	1.57 ± 0.03
	0.340
	Sc
	
	5.1 ± 0.5
	0.042 ± 0.007



	SN2016cdd
	ESO 218-8
	12:31:53.679
	−51:44:51.91
	1.43 ± 0.03
	0.013
	SBbc
	Bar
	4.2± 1.3
	0.050 ± 0.030



	SN2016coi
	UGC 11868
	21:59:04.702
	+18:10:38.95
	1.30 ± 0.05
	0.513
	Sm
	Bar, Ring
	9.0 ± 0.5
	0.007 ± 0.004



	SN2016dsl
	IC 863
	13:17:12.403
	−17:15:16.054
	1.06 ± 0.08
	0.413
	S0-a
	Bar
	0.4± 1.4
	0.500 ± 0.200



	SN2016G
	NGC 1171
	03:03:58.959
	+43:23:54.404
	1.25 ± 0.06
	0.276
	Sc
	
	5.7 ± 0.7
	0.160 ± 0.080



	SN2016iae
	NGC 1532
	04:12:04.361
	−32:52:26.960
	2.05 ± 0.02
	0.137
	SBb
	Bar
	3.2 ± 0.9
	1.600 ± 0.700





      

      
Notes. The meaning of each column is the same as Table B.1.




    

  
    
      Table B.3 

      Galaxy sample for SNe II.

      
        


	SN
	Host
	ra
	dec
	log(d25/0.1arcmin)
	dSN/d25
	Type
	Note
	t
	M*





	SN2016aai
	MCG -02-33-020
	12:50:29.414
	−10:51:15.89
	1.52 ± 0.03
	0.526
	Sm
	Bar
	9.0± 1.1
	0.100 ± 0.060



	SN2016adj
	NGC 5128
	13:25:27.615
	−43:01:08.805
	2.41 ± 0.01
	0.046
	S0
	Multiple
	~2.1 ± 0.6
	2.526 ± 0.088



	SN2016adl
	GALEXASC J115155.68-132459.3
	11:51:55.68
	−13:24:59.3
	
	
	
	
	
	



	SN2016afa
	NGC 5962
	15:36:31.681
	+16:36:27.933
	1.40 ± 0.03
	0.186
	Sc
	Ring
	5.1 ± 0.7
	0.900 ± 0.400



	SN2016aqf
	NGC 2101
	05:46:23.1
	−52:05:21
	1.09 ± 0.06
	0.205
	IB
	Bar
	9.9 ± 0.5
	0.010 ± 0.005



	SN2016B
	PGC 037392
	11:55:04.926
	+01:43:11.44
	0.76 ± 0.06
	0.650
	Scd
	
	7.0 ± 2.0
	0.010 ± 0.005





      

      
Notes. The meaning of each column is the same as Table B.1. The full table is available at the CDS.




    

  
    
      Table C.1 

      References for photometry data.

      
        


	Reference
	Supernovae





	(1)
	SN2020jfo



	(2)
	SN2019esa



	(3)
	SN2019muj
SN2016eiy, SN2016hsc, SN2017bzc, SN2017cbv, SN2017dhr, SN2017drh, SN2017emq, SN2017erp



	(4)
	SN2017fgc, SN2017fzw, SN2017hjy, SN2017igf, SN2018aoz, SN2018ghb, SN2018gv SN2018htt, SM2018imd, SN2018isq, SN2018pv, SN2018yu, SN2019np, SN2020ue



	(5)
	SN2017ivv



	(6)
	SN2016X



	(7)
	SN2021fcg



	(8)
	SN2020acat



	(9)
	SN2016bkv



	(10)
	SN2017eaw



	(11)
	SN2018aoq



	(12)
	SN2021aai



	(13)
	SN2017ein



	(14)
	SN2020cxd



	(15)
	SN2018zd



	(16)
	SN2016coj





      

      
References. (1) Ailawadhi et al. (2023); (2) Andrews et al. (2022); (3) Barna et al. (2021); (4) Chen et al. (2022); (5) Gutiérrez et al. (2020); (6) Huang et al. (2018); (7) Karambelkar et al. (2021); (8) Medler et al. (2022); (9) Nakaoka et al. (2018); (10) Tsvetkov et al. (2018); (11) Tsvetkov et al. (2019); (12) Valerin et al. (2022); (13) Xiang et al. (2019); (14) Yang et al. (2021); (15) Zhang et al. (2020); (16) Zheng et al. (2017).




    

  
    
      Fig. D.1 

      
        [image: thumbnail]
      

      
        Miller diagrams for the normal Ia sample after the bias-correction process. The black dots are the original data while the red dots are SNe that were added to account for the Malmquist bias. The whole process stops at μ = 33.01 (40 Mpc).

      

    

  
    
      Fig. D.3 
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        Same as Fig. D.1 but for the SNe Ib sample.

      

    

  
    
      Fig. D.4 
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        Same as Fig. D.1 but for the SNe Ic sample.

      

    

  
    
      Fig. D.5 
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        Same as Fig. D.1 but for the SNe IIP sample.

      

    

  
    
      Fig. D.6 
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        Same as Fig. D.1 but for the SNe IIL sample.

      

    

  
    
      Fig. D.7 
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        Same as Fig. D.1 but for the SNe IIb sample.

      

    

  
    
      Fig. D.8 
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        Same as Fig. D.1 but for the SNe IIn sample.

      

    

  
    
      Fig. E.1 

      
        [image: thumbnail]
      

      
        Prospector fit SED for galaxy NGC 1209.

      

    

  
    
      Fig. E.2 

      
        [image: thumbnail]
      

      
        Prospector fit parameters for the SED of NGC 1209. Five parameters fit stand for total mass formed (mass, in unit of 1010 Mʘ), stellar metallicity (logzsol = log(Z*/Zʘ)), V-band optical depth (dust2), stellar age (tage, in unit of Gyr) and the SFH parameter (τ, in unit of Gyr),respectively.

      

    

  
    
      Fig. F.1 

      
        [image: thumbnail]
      

      
        Spectra used for classification of our SNe Ia sample (part one), Normal Ia, 91bg-like, 91T-like and 02cx-like events are represented by the color blue, cyan, orange and pink, respectively.
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