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Context: Type Ia supernova

What is exploding? 
CO white dwarf (WD) in a binary system 

single/double/core degenerate 

How is it exploding? 
Merging/compression/He layer burn/collision 

Detonation/deflagration/double-detonation 
Chandrasekhar/sub-Chandrasekhar mass 

Most probably a mixture of scenarios 
and explosion mechanisms

3

SNIa are the most precise extragalactic 
distance indicators (uncert. ~5%)

μ(z) = m(z) − M
SNIalow ~ SNIahigh

p(SNIalow) ~ p(SNIahigh)

No evolution:

Same populations:
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Light-curve parametrization: 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Context: Type Ia supernova parametrization
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Galbany(+DES) in prep.

Progenitor scenario 
explosion mechanism 

progenitor mass 
extinction
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Brout+19

Recent (>2010) cosmological analysis found a dependence 
between the HR and properties of the SN host galaxy

Context: SNIa cosmology
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dL(z) = (1 + z)
c

H0

Z z

0

dzp
⌦M (1 + z)3 + ⌦⇤(a+ z)3(1+w)

<latexit sha1_base64="R6bR4uYI3gJGF9gj1W5LumBdxG0="></latexit>

μ(z)observed = m(z) − M +αx1 − βc

μ(z)model = 5 log10(dL /10pc)

HR = μ(z)obsereved − μ(z)model
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Bright events occur preferentially in young stellar environments. 
Luminous SNe are produced in metal-poor neighborhoods
high-metallicity galaxies host SNe Ia with negative HR (after LC-corr)
Brighter events are found in systems with ongoing star-formation
Progenitor age primarily determines the peak luminosity
SN Ia in spiral hosts are intrinsically fainter (after LC-corr)
more massive progenitors give rise to less luminous explosions
Older hosts produce less-extincted SNe Ia
SNIa are more luminous or more numerous in metal-poor galaxies 
Luminous SNe associated with recent star-formation and young prog.
SNIa are brighter in massive hosts (metal-rich) and with low SFR (after LC-corr)
SN Ia in physically larger, more massive hosts are ∼10% brighter
introduce the stellar mass of the host in the parametrization
SNe are 0.1 mag brighter in high-metallicity hosts after corr.
older galaxies host SNe Ia that are brighter
SNe Ia in host galaxies with a higher star formation rate show brighter events
SNe that explode further are less extinguished, and have lower metallicity
correlation between SN Ia intrinsic color and host metallicity
more luminous SNe Ia appear in younger stellar progenitor systems
SNe Ia with local Hα emission are redder and drives the HR-mass relation
fainter, faster declining SNe Ia are hosted by older/massive/metal-rich galaxies

Hamuy et al. (1996)
Hamuy et al. (2000)
Gallagher et al. (2005)
Sullivan et al. (2006)
Gallagher et al. (2008)
Hicken et al. (2009)
Howell et al. (2009)
Neill et al. (2009)
Cooper et al. (2009)
Brandt et al. (2010)
Sullivan et al. (2010)
Kelly et al. (2010)
Lampeitl et al. (2010)
D’Andrea et al. (2011)
Gupta et al. (2011)
Konishi et al. (2011)
Galbany et al. (2012)
Childress et al. (2013)
Johansson et al. (2013)
Rigault et al. (2013)
Pan et al. (2014)
…

Dependences of the SN parameters on host galaxy properties 

As they evolve with redshift, such dependences would impact the cosmological parameters

Context: SNIa environmentsOPTICAL



Context: SNIa Hubble diagram
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SN progenitors

Environment

Dust

OPTICAL



 progenitor?α

Context: Systematics
μ = m − M +α x1 +β c +γ M*

OPTICAL

 dust/intrinsicβ  environmentγ

Ginolin+25 Burns+14 Rigault+13



SNIa in the NIR

Uniform light-curves 
(Elias+81, Elias&Frogel83)

Distinction between Ia / Ib 
(Elias+85) 
double-peak (Fe recomb.)

• Uniform IR light curves recognised early
(Elias et al. 1981, Elias and Frogel 1983)

• Distinction between SNe Ia and Ib (Elias et al. 1985)
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INFRARED LIGHT CURVES OF TYPE I SUPERNOVAE 

J. H. Elias and Jay A. Frogel 
Cerro Tololo Inter-American Observatory1 

J. A. Hackwell2 

University of Wyoming 
AND 

S. E. Persson3 

Mount Wilson and Las Campanas Observatories, Carnegie Institution of Washington 
Received 1981 June 15; accepted 1981 August 13 

ABSTRACT 
Two Type I Supernovae in NGC 1316 and one in NGC 4536 have been observed at /, H, and K. 

The data provide the best available Type I supernova light curves at these wavelengths. These light 
curves are characterized by a double maximum; the effect is strongest at /. This is probably due to 
the development of a transient absorption feature during the intervening minimum. The three sets of 
infrared light curves are very similar, and their dispersion in absolute magnitude is less than the 
uncertainty in relative distances of the supemovae. Infrared light curves of Supernovae may therefore 
be useful as distance indicators within a few tens of Mpc. 
Subject headings: infrared: general — photometry — stars: supemovae 

I. INTRODUCTION 
The only Type I supernova that has been extensively 

observed in the infrared is SN 1972e in NGC 5253 
(Kirshner et al. 19736; Lee et al. 1972). Since then, the 
sensitivity of near-infrared measurements has substan- 
tially improved and it is now possible to obtain high 
quality data for supemovae fainter than SN 1972e and 
to follow them further into their decline. The discovery 
by Wischnjewsky (Maza and Wischnjewsky 1980) of 
a bright, Type I supernova in the nearby galaxy NGC 
1316 (Fornax A) provided an excellent opportunity to 
obtain infrared data, as did the fortunate occurrences of 
a second supernova in the same galaxy (Cragg et al. 
1981) and a third in NGC 4536 (Aksenov and Tsvetkov 
1981). We have obtained extensive near-infrared pho- 
tometry of all three supemovae, which we discuss in this 
Letter. 

II. OBSERVATIONS 
The observations were obtained on the CTIO 4 m 

and 1.5 m telescopes and on the Las Campanas 2.5 m 
du Pont telescope and are given in Table 1. The observa- 
tions are on the natural JHKL systems4 of both ob- 

1 Cerro Tololo Inter-American Observatory is supported by the 
National Science Foundation under contract AST 78-27879. 

2Visiting Resident Scientist, CTIO. 
3 Guest Investigator, CTIO. 
4 The filters used at both observatories are nearly identical. 

Wavelengths of half-peak transmission are: J — 1.13-1.37 jum; 
H = 1.50-1.80 /xm; K = 2.01-2.42 /*m; L = 3.22-3.76 jam. 

servatories rather than transformed to the “CIT” system 
(Frogel et al. 1978), as it is uncertain how well the 
standard transformations apply to colors of supemovae. 
Application of the standard transformations does not 
change the magnitudes in Table 1 by more than 0.01 
mag. 

The effects of the underlying galaxies on the infrared 
photometry were determined for each measurement. The 
contrast in the infrared between a supernova and its 
galaxy is several magnitudes less than in the visible, so 
that the corrections can be significant. The galaxy con- 
tamination was determined by making measurements at 
/, 77, and K offset from the supernova by a small 
distance. For beams and chopper throws less than 10", 
the corrections proved to be negligible. The approximate 
size of the correction is indicated by the second char- 
acter of the observation code in column (6) of Table 1. 
Corrections greater than 0.10 mag were determined by 
measurement; some of the smaller corrections were de- 
termined by interpolation. The magnitudes in Table 1 
include the corrections for galaxy flux, and the uncer- 
tainties include any additional uncertainty due to the 
corrections. 

The data in Table 1 include three upper limits at L. 
These, like the upper limits for SN 1972e in Kirshner 
et al. (19736), are sufficient only to rule out the pres- 
ence of a large flux excess at longer wavelengths during 
the first few weeks of the supernova outbursts. 

A number of preliminary infrared magnitudes for 
these supemovae have been reported (Koomneef, Lub, 
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TYPE I SUPERNOVAE IN THE INFRARED AND THEIR USE AS DISTANCE INDICATORS 
J. H. Elias,1 K. Matthews,1 G. Neugebauer,1 and S. E. Persson2 
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ABSTRACT 
New infrared data for 11 Type I supernovae are presented. These results, when combined with other 

published data for Type I supernovae, show that the light curves fall into two well-defined groups. The first, 
more common type—Type la—shows strong, variable, unexplained absorption at 1.2 jam and probably at 3.5 
pirn, while the second type—Type lb—shows no such absorption and a slower decline after maximum. The 
light curves of the Type la supernovae appear to have a dispersion in color and absolute magnitude of ±0.2 
mag or less, making them potentially valuable for distance determination within the Local Supercluster. 
Subject headings: cosmology — infrared: sources — stars: supernovae 

I. INTRODUCTION 
Type I supernovae are the most luminous stellar objects 

known, so it is natural for them to be considered for use as 
distance indicators. In visible light, their light curves show a 
dispersion in magnitude at maximum light of a few tenths of a 
magnitude. It is a matter of dispute (cf. Barbon 1980; Sandage 
and Tammann 1982) whether this dispersion is due primarily 
to differences in the interstellar extinction in the parent gal- 
axies, or is an intrinsic dispersion in the magnitudes of the 
supernovae themselves, which may be correlated with other 
properties of the light curves. 

In the near-infrared, interstellar extinction is several times 
less than in the visible, and other effects (e.g., temperature) 
might also lead to smaller dispersion. Observations of three 
Type I supernovae (two in NGC 1316 and one in NGC 4536) 
(Elias et al. 1981, hereafter Paper I), combined with observa- 
tions of SN 1972e in NGC 5253 by Kirshner ei al. (1973h) and 
Lee et al. (1972) indicated that the dispersion in absolute mag- 
nitude was ± 0.2 mag or less. 

In this paper, we present initial results of a program aimed at 
enlarging the sample of Type I supernovae with infrared data. 
A total of seven Type I supernovae have been observed (see 
Table 2). Other, older observations of SN 197li in NGC 5055, 
of SN 19711 in NGC 6384, and some additional observations of 
SN 1981b in NGC 4536 are also given. Observations of the 
supernovae in M83 and NGC 4419 have been published by 
Meikle et al. (1985), Meikle, Graham, and Bode (1984), Meikle 
and Walther (1984), and observations of the supernova in 
NGC 991 have been published by Graham et al. (1984); there 
are thus 13 Type I supernovae in 12 galaxies which have been 
observed in the infrared. These data are used to show that 
Type I supernovae separate into two groups in the infrared, 
based on their colors, and to examine the utility of the first 
group—Type la—as distance indicators. 

In addition, examination of the 3.5 and 3.7 gm data for Type 
la supernovae suggests that their energy distribution are 
depressed at ~3.5 gm by an amount nearly comparable to the 
depression at 1.2 gm. Examination of the visual-infrared colors 
and comparison with visual colors indicates that some caution 
must be used in deducing supernova effective temperatures 
from any one color; a blackbody fit, such as that used by 

Kirshner et al. (19736) and Branch et al. (1983), appears prefer- 
able. There appears to be scatter in the B—V color curves, 
when compared with other color curves or with spectroscopic 
phases for the supernovae, suggesting that phases (time of 
maximum) deduced from B—V colors alone are unreliable. 

II. OBSERVATIONS AND RESULTS 
a) Infrared Photometry 

The observing program consists in principle of all accessible 
Type I supernovae occurring in galaxies of redshift < 3000 km 
s“1. Supernovae which could not be observed within a month 
of maximum light were not observed. Relevant data for the 
supernovae and their parent galaxies are listed in Table 1. The 
supernovae in NGC 1316, 4536, and 5253 are also included. 
Four other objects have been observed: the Type II supernova 
in NGC 3169, results on which will be reported elsewhere; a 
supernova of unknown type in IC 121 and a possible super- 
nova in NGC 7184, for both of which results are given in Table 
2; and the “ supernova ” in NGC 6217 (Doroshenko and Tsvet- 
kov 1983), which is in fact a foreground G star (R. P. Kirshner, 
private communication; our photometry of K = 13.75, 
H — K — 0.11, and J —if = 0.34, supports this identification). 

All but one of the measurements were obtained using the 5 
m Hale Telescope at Palomar Observatory with an InSb detec- 
tor. One measurement of SN 19841 in NGC 991 was made on 
the CTIO 4 m telescope.3 Observations were usually made 
with a 5" beam diameter and chopper spacing ranging from 5" 
to 15". Careful measurements were made to determine correc- 
tions for the effects of the underlying galaxy on the supernova 
measurements. In two cases, NGC 4051 and NGC 4753, a 
measurement was made at the position of the supernova 
roughly a year after maximum light in order to verify the accu- 
racy of the corrections. The infrared photometry is presented 
in Table 2. The values include the corrections for the parent 
galaxy, and the tabulated uncertainties include the estimated 
uncertainties in the corrections. Near maximum light, the cor- 
rections are usually less than 0.1 mag at all wavelengths. Some 
remarks on measurements of individual supernovae are given 
below. Previously unpublished measurements for SN 1981b in 
NGC 4536 are also given in Table 2. 

3 Cerro Tololo Inter-American Observatory-National Optical Astronomy 
Observatories is operated by AURA, Inc., under contract with the National 
Science Foundation. 

1 Palomar Observatory, California Institute of Technology. 2 Mount Wilson and Las Campanas Observatories. 
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ABSTRACT 
New infrared data for 11 Type I supernovae are presented. These results, when combined with other 

published data for Type I supernovae, show that the light curves fall into two well-defined groups. The first, 
more common type—Type la—shows strong, variable, unexplained absorption at 1.2 jam and probably at 3.5 
pirn, while the second type—Type lb—shows no such absorption and a slower decline after maximum. The 
light curves of the Type la supernovae appear to have a dispersion in color and absolute magnitude of ±0.2 
mag or less, making them potentially valuable for distance determination within the Local Supercluster. 
Subject headings: cosmology — infrared: sources — stars: supernovae 

I. INTRODUCTION 
Type I supernovae are the most luminous stellar objects 

known, so it is natural for them to be considered for use as 
distance indicators. In visible light, their light curves show a 
dispersion in magnitude at maximum light of a few tenths of a 
magnitude. It is a matter of dispute (cf. Barbon 1980; Sandage 
and Tammann 1982) whether this dispersion is due primarily 
to differences in the interstellar extinction in the parent gal- 
axies, or is an intrinsic dispersion in the magnitudes of the 
supernovae themselves, which may be correlated with other 
properties of the light curves. 

In the near-infrared, interstellar extinction is several times 
less than in the visible, and other effects (e.g., temperature) 
might also lead to smaller dispersion. Observations of three 
Type I supernovae (two in NGC 1316 and one in NGC 4536) 
(Elias et al. 1981, hereafter Paper I), combined with observa- 
tions of SN 1972e in NGC 5253 by Kirshner ei al. (1973h) and 
Lee et al. (1972) indicated that the dispersion in absolute mag- 
nitude was ± 0.2 mag or less. 

In this paper, we present initial results of a program aimed at 
enlarging the sample of Type I supernovae with infrared data. 
A total of seven Type I supernovae have been observed (see 
Table 2). Other, older observations of SN 197li in NGC 5055, 
of SN 19711 in NGC 6384, and some additional observations of 
SN 1981b in NGC 4536 are also given. Observations of the 
supernovae in M83 and NGC 4419 have been published by 
Meikle et al. (1985), Meikle, Graham, and Bode (1984), Meikle 
and Walther (1984), and observations of the supernova in 
NGC 991 have been published by Graham et al. (1984); there 
are thus 13 Type I supernovae in 12 galaxies which have been 
observed in the infrared. These data are used to show that 
Type I supernovae separate into two groups in the infrared, 
based on their colors, and to examine the utility of the first 
group—Type la—as distance indicators. 

In addition, examination of the 3.5 and 3.7 gm data for Type 
la supernovae suggests that their energy distribution are 
depressed at ~3.5 gm by an amount nearly comparable to the 
depression at 1.2 gm. Examination of the visual-infrared colors 
and comparison with visual colors indicates that some caution 
must be used in deducing supernova effective temperatures 
from any one color; a blackbody fit, such as that used by 

Kirshner et al. (19736) and Branch et al. (1983), appears prefer- 
able. There appears to be scatter in the B—V color curves, 
when compared with other color curves or with spectroscopic 
phases for the supernovae, suggesting that phases (time of 
maximum) deduced from B—V colors alone are unreliable. 

II. OBSERVATIONS AND RESULTS 
a) Infrared Photometry 

The observing program consists in principle of all accessible 
Type I supernovae occurring in galaxies of redshift < 3000 km 
s“1. Supernovae which could not be observed within a month 
of maximum light were not observed. Relevant data for the 
supernovae and their parent galaxies are listed in Table 1. The 
supernovae in NGC 1316, 4536, and 5253 are also included. 
Four other objects have been observed: the Type II supernova 
in NGC 3169, results on which will be reported elsewhere; a 
supernova of unknown type in IC 121 and a possible super- 
nova in NGC 7184, for both of which results are given in Table 
2; and the “ supernova ” in NGC 6217 (Doroshenko and Tsvet- 
kov 1983), which is in fact a foreground G star (R. P. Kirshner, 
private communication; our photometry of K = 13.75, 
H — K — 0.11, and J —if = 0.34, supports this identification). 

All but one of the measurements were obtained using the 5 
m Hale Telescope at Palomar Observatory with an InSb detec- 
tor. One measurement of SN 19841 in NGC 991 was made on 
the CTIO 4 m telescope.3 Observations were usually made 
with a 5" beam diameter and chopper spacing ranging from 5" 
to 15". Careful measurements were made to determine correc- 
tions for the effects of the underlying galaxy on the supernova 
measurements. In two cases, NGC 4051 and NGC 4753, a 
measurement was made at the position of the supernova 
roughly a year after maximum light in order to verify the accu- 
racy of the corrections. The infrared photometry is presented 
in Table 2. The values include the corrections for the parent 
galaxy, and the tabulated uncertainties include the estimated 
uncertainties in the corrections. Near maximum light, the cor- 
rections are usually less than 0.1 mag at all wavelengths. Some 
remarks on measurements of individual supernovae are given 
below. Previously unpublished measurements for SN 1981b in 
NGC 4536 are also given in Table 2. 

3 Cerro Tololo Inter-American Observatory-National Optical Astronomy 
Observatories is operated by AURA, Inc., under contract with the National 
Science Foundation. 

1 Palomar Observatory, California Institute of Technology. 2 Mount Wilson and Las Campanas Observatories. 
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ABSTRACT 
Two Type I Supernovae in NGC 1316 and one in NGC 4536 have been observed at /, H, and K. 

The data provide the best available Type I supernova light curves at these wavelengths. These light 
curves are characterized by a double maximum; the effect is strongest at /. This is probably due to 
the development of a transient absorption feature during the intervening minimum. The three sets of 
infrared light curves are very similar, and their dispersion in absolute magnitude is less than the 
uncertainty in relative distances of the supemovae. Infrared light curves of Supernovae may therefore 
be useful as distance indicators within a few tens of Mpc. 
Subject headings: infrared: general — photometry — stars: supemovae 

I. INTRODUCTION 
The only Type I supernova that has been extensively 

observed in the infrared is SN 1972e in NGC 5253 
(Kirshner et al. 19736; Lee et al. 1972). Since then, the 
sensitivity of near-infrared measurements has substan- 
tially improved and it is now possible to obtain high 
quality data for supemovae fainter than SN 1972e and 
to follow them further into their decline. The discovery 
by Wischnjewsky (Maza and Wischnjewsky 1980) of 
a bright, Type I supernova in the nearby galaxy NGC 
1316 (Fornax A) provided an excellent opportunity to 
obtain infrared data, as did the fortunate occurrences of 
a second supernova in the same galaxy (Cragg et al. 
1981) and a third in NGC 4536 (Aksenov and Tsvetkov 
1981). We have obtained extensive near-infrared pho- 
tometry of all three supemovae, which we discuss in this 
Letter. 

II. OBSERVATIONS 
The observations were obtained on the CTIO 4 m 

and 1.5 m telescopes and on the Las Campanas 2.5 m 
du Pont telescope and are given in Table 1. The observa- 
tions are on the natural JHKL systems4 of both ob- 

1 Cerro Tololo Inter-American Observatory is supported by the 
National Science Foundation under contract AST 78-27879. 

2Visiting Resident Scientist, CTIO. 
3 Guest Investigator, CTIO. 
4 The filters used at both observatories are nearly identical. 

Wavelengths of half-peak transmission are: J — 1.13-1.37 jum; 
H = 1.50-1.80 /xm; K = 2.01-2.42 /*m; L = 3.22-3.76 jam. 

servatories rather than transformed to the “CIT” system 
(Frogel et al. 1978), as it is uncertain how well the 
standard transformations apply to colors of supemovae. 
Application of the standard transformations does not 
change the magnitudes in Table 1 by more than 0.01 
mag. 

The effects of the underlying galaxies on the infrared 
photometry were determined for each measurement. The 
contrast in the infrared between a supernova and its 
galaxy is several magnitudes less than in the visible, so 
that the corrections can be significant. The galaxy con- 
tamination was determined by making measurements at 
/, 77, and K offset from the supernova by a small 
distance. For beams and chopper throws less than 10", 
the corrections proved to be negligible. The approximate 
size of the correction is indicated by the second char- 
acter of the observation code in column (6) of Table 1. 
Corrections greater than 0.10 mag were determined by 
measurement; some of the smaller corrections were de- 
termined by interpolation. The magnitudes in Table 1 
include the corrections for galaxy flux, and the uncer- 
tainties include any additional uncertainty due to the 
corrections. 

The data in Table 1 include three upper limits at L. 
These, like the upper limits for SN 1972e in Kirshner 
et al. (19736), are sufficient only to rule out the pres- 
ence of a large flux excess at longer wavelengths during 
the first few weeks of the supernova outbursts. 

A number of preliminary infrared magnitudes for 
these supemovae have been reported (Koomneef, Lub, 
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New infrared data for 11 Type I supernovae are presented. These results, when combined with other 

published data for Type I supernovae, show that the light curves fall into two well-defined groups. The first, 
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I. INTRODUCTION 
Type I supernovae are the most luminous stellar objects 

known, so it is natural for them to be considered for use as 
distance indicators. In visible light, their light curves show a 
dispersion in magnitude at maximum light of a few tenths of a 
magnitude. It is a matter of dispute (cf. Barbon 1980; Sandage 
and Tammann 1982) whether this dispersion is due primarily 
to differences in the interstellar extinction in the parent gal- 
axies, or is an intrinsic dispersion in the magnitudes of the 
supernovae themselves, which may be correlated with other 
properties of the light curves. 

In the near-infrared, interstellar extinction is several times 
less than in the visible, and other effects (e.g., temperature) 
might also lead to smaller dispersion. Observations of three 
Type I supernovae (two in NGC 1316 and one in NGC 4536) 
(Elias et al. 1981, hereafter Paper I), combined with observa- 
tions of SN 1972e in NGC 5253 by Kirshner ei al. (1973h) and 
Lee et al. (1972) indicated that the dispersion in absolute mag- 
nitude was ± 0.2 mag or less. 

In this paper, we present initial results of a program aimed at 
enlarging the sample of Type I supernovae with infrared data. 
A total of seven Type I supernovae have been observed (see 
Table 2). Other, older observations of SN 197li in NGC 5055, 
of SN 19711 in NGC 6384, and some additional observations of 
SN 1981b in NGC 4536 are also given. Observations of the 
supernovae in M83 and NGC 4419 have been published by 
Meikle et al. (1985), Meikle, Graham, and Bode (1984), Meikle 
and Walther (1984), and observations of the supernova in 
NGC 991 have been published by Graham et al. (1984); there 
are thus 13 Type I supernovae in 12 galaxies which have been 
observed in the infrared. These data are used to show that 
Type I supernovae separate into two groups in the infrared, 
based on their colors, and to examine the utility of the first 
group—Type la—as distance indicators. 

In addition, examination of the 3.5 and 3.7 gm data for Type 
la supernovae suggests that their energy distribution are 
depressed at ~3.5 gm by an amount nearly comparable to the 
depression at 1.2 gm. Examination of the visual-infrared colors 
and comparison with visual colors indicates that some caution 
must be used in deducing supernova effective temperatures 
from any one color; a blackbody fit, such as that used by 

Kirshner et al. (19736) and Branch et al. (1983), appears prefer- 
able. There appears to be scatter in the B—V color curves, 
when compared with other color curves or with spectroscopic 
phases for the supernovae, suggesting that phases (time of 
maximum) deduced from B—V colors alone are unreliable. 

II. OBSERVATIONS AND RESULTS 
a) Infrared Photometry 

The observing program consists in principle of all accessible 
Type I supernovae occurring in galaxies of redshift < 3000 km 
s“1. Supernovae which could not be observed within a month 
of maximum light were not observed. Relevant data for the 
supernovae and their parent galaxies are listed in Table 1. The 
supernovae in NGC 1316, 4536, and 5253 are also included. 
Four other objects have been observed: the Type II supernova 
in NGC 3169, results on which will be reported elsewhere; a 
supernova of unknown type in IC 121 and a possible super- 
nova in NGC 7184, for both of which results are given in Table 
2; and the “ supernova ” in NGC 6217 (Doroshenko and Tsvet- 
kov 1983), which is in fact a foreground G star (R. P. Kirshner, 
private communication; our photometry of K = 13.75, 
H — K — 0.11, and J —if = 0.34, supports this identification). 

All but one of the measurements were obtained using the 5 
m Hale Telescope at Palomar Observatory with an InSb detec- 
tor. One measurement of SN 19841 in NGC 991 was made on 
the CTIO 4 m telescope.3 Observations were usually made 
with a 5" beam diameter and chopper spacing ranging from 5" 
to 15". Careful measurements were made to determine correc- 
tions for the effects of the underlying galaxy on the supernova 
measurements. In two cases, NGC 4051 and NGC 4753, a 
measurement was made at the position of the supernova 
roughly a year after maximum light in order to verify the accu- 
racy of the corrections. The infrared photometry is presented 
in Table 2. The values include the corrections for the parent 
galaxy, and the tabulated uncertainties include the estimated 
uncertainties in the corrections. Near maximum light, the cor- 
rections are usually less than 0.1 mag at all wavelengths. Some 
remarks on measurements of individual supernovae are given 
below. Previously unpublished measurements for SN 1981b in 
NGC 4536 are also given in Table 2. 

3 Cerro Tololo Inter-American Observatory-National Optical Astronomy 
Observatories is operated by AURA, Inc., under contract with the National 
Science Foundation. 

1 Palomar Observatory, California Institute of Technology. 2 Mount Wilson and Las Campanas Observatories. 
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ABSTRACT 
New infrared data for 11 Type I supernovae are presented. These results, when combined with other 

published data for Type I supernovae, show that the light curves fall into two well-defined groups. The first, 
more common type—Type la—shows strong, variable, unexplained absorption at 1.2 jam and probably at 3.5 
pirn, while the second type—Type lb—shows no such absorption and a slower decline after maximum. The 
light curves of the Type la supernovae appear to have a dispersion in color and absolute magnitude of ±0.2 
mag or less, making them potentially valuable for distance determination within the Local Supercluster. 
Subject headings: cosmology — infrared: sources — stars: supernovae 

I. INTRODUCTION 
Type I supernovae are the most luminous stellar objects 

known, so it is natural for them to be considered for use as 
distance indicators. In visible light, their light curves show a 
dispersion in magnitude at maximum light of a few tenths of a 
magnitude. It is a matter of dispute (cf. Barbon 1980; Sandage 
and Tammann 1982) whether this dispersion is due primarily 
to differences in the interstellar extinction in the parent gal- 
axies, or is an intrinsic dispersion in the magnitudes of the 
supernovae themselves, which may be correlated with other 
properties of the light curves. 

In the near-infrared, interstellar extinction is several times 
less than in the visible, and other effects (e.g., temperature) 
might also lead to smaller dispersion. Observations of three 
Type I supernovae (two in NGC 1316 and one in NGC 4536) 
(Elias et al. 1981, hereafter Paper I), combined with observa- 
tions of SN 1972e in NGC 5253 by Kirshner ei al. (1973h) and 
Lee et al. (1972) indicated that the dispersion in absolute mag- 
nitude was ± 0.2 mag or less. 

In this paper, we present initial results of a program aimed at 
enlarging the sample of Type I supernovae with infrared data. 
A total of seven Type I supernovae have been observed (see 
Table 2). Other, older observations of SN 197li in NGC 5055, 
of SN 19711 in NGC 6384, and some additional observations of 
SN 1981b in NGC 4536 are also given. Observations of the 
supernovae in M83 and NGC 4419 have been published by 
Meikle et al. (1985), Meikle, Graham, and Bode (1984), Meikle 
and Walther (1984), and observations of the supernova in 
NGC 991 have been published by Graham et al. (1984); there 
are thus 13 Type I supernovae in 12 galaxies which have been 
observed in the infrared. These data are used to show that 
Type I supernovae separate into two groups in the infrared, 
based on their colors, and to examine the utility of the first 
group—Type la—as distance indicators. 

In addition, examination of the 3.5 and 3.7 gm data for Type 
la supernovae suggests that their energy distribution are 
depressed at ~3.5 gm by an amount nearly comparable to the 
depression at 1.2 gm. Examination of the visual-infrared colors 
and comparison with visual colors indicates that some caution 
must be used in deducing supernova effective temperatures 
from any one color; a blackbody fit, such as that used by 

Kirshner et al. (19736) and Branch et al. (1983), appears prefer- 
able. There appears to be scatter in the B—V color curves, 
when compared with other color curves or with spectroscopic 
phases for the supernovae, suggesting that phases (time of 
maximum) deduced from B—V colors alone are unreliable. 

II. OBSERVATIONS AND RESULTS 
a) Infrared Photometry 

The observing program consists in principle of all accessible 
Type I supernovae occurring in galaxies of redshift < 3000 km 
s“1. Supernovae which could not be observed within a month 
of maximum light were not observed. Relevant data for the 
supernovae and their parent galaxies are listed in Table 1. The 
supernovae in NGC 1316, 4536, and 5253 are also included. 
Four other objects have been observed: the Type II supernova 
in NGC 3169, results on which will be reported elsewhere; a 
supernova of unknown type in IC 121 and a possible super- 
nova in NGC 7184, for both of which results are given in Table 
2; and the “ supernova ” in NGC 6217 (Doroshenko and Tsvet- 
kov 1983), which is in fact a foreground G star (R. P. Kirshner, 
private communication; our photometry of K = 13.75, 
H — K — 0.11, and J —if = 0.34, supports this identification). 

All but one of the measurements were obtained using the 5 
m Hale Telescope at Palomar Observatory with an InSb detec- 
tor. One measurement of SN 19841 in NGC 991 was made on 
the CTIO 4 m telescope.3 Observations were usually made 
with a 5" beam diameter and chopper spacing ranging from 5" 
to 15". Careful measurements were made to determine correc- 
tions for the effects of the underlying galaxy on the supernova 
measurements. In two cases, NGC 4051 and NGC 4753, a 
measurement was made at the position of the supernova 
roughly a year after maximum light in order to verify the accu- 
racy of the corrections. The infrared photometry is presented 
in Table 2. The values include the corrections for the parent 
galaxy, and the tabulated uncertainties include the estimated 
uncertainties in the corrections. Near maximum light, the cor- 
rections are usually less than 0.1 mag at all wavelengths. Some 
remarks on measurements of individual supernovae are given 
below. Previously unpublished measurements for SN 1981b in 
NGC 4536 are also given in Table 2. 

3 Cerro Tololo Inter-American Observatory-National Optical Astronomy 
Observatories is operated by AURA, Inc., under contract with the National 
Science Foundation. 

1 Palomar Observatory, California Institute of Technology. 2 Mount Wilson and Las Campanas Observatories. 
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The promise of the NIR

Extinction is much reduced in the NIR:  
AH/AV ~ 0.19 (Cardelli+89)

LC corrections in the NIR considerably 
smaller than in the optical

Uniform LCs
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Figure 4. The luminosity-decline-rate relation for the CSP-I DR3 SN Ia sample. The left-hand panels show the absolute magnitude of
the SNe Ia as a function of sBV , whereas the right-hand panels show the absolute magnitudes as a function of �m15(B). The yellow star
corresponds to the fastest declining object in the DR3 sample, SN 2006mr, adopting the distance of NGC 1316 derived from three other
normal SNe Ia (Stritzinger et al. 2010).
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H0 with SNe Ia in the NIR

Dhawan+18, J-band interpolation

Uncertainties with 36 SNe Ia comparable to 
200 SNe Ia in the optical

Systematic effects reduced: fewer free parameters 
(LC corrections) & decreased influence of extinction

9 calibrators
27 Hubble flow SNIa

Burns+18 (Uddin+24), template fitting
15 (20) calibrators in the NIR
~100 (~230) Hubble flow SNIa



H0 with SNe Ia in the NIR - an update
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H0 detemination
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(2) Distance scale anchor systematic from R22: 0.7% of H0, 0.51 km/s/Mpc
(3) Photometric zero-point systematic: 0.02 mag, 0.7 km/s/Mpc
(4) PV uncertainties correlations on large scales: 0.5%, 0.4 km/s/Mpc
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NIR Standardization?
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Explored applying typical optical stretch and 
reddening corrections

Decreasing relation with stretch and reddening

B  0.63 0.13       2.30 0.18± ±
r   0.49 0.11       1.23 0.15± ±

Stretch          Reddening

Similar H0 and clear improvement in σint



Summary
• Our final result of H0  is 72.31±2.02 km/s/Mpc in 𝐽 (2.8% 

uncertainty), and 72.34±1.96 km/s/Mpc in 𝐻 (2.7% uncertainty), 
both below  the 3% precision


• This independent analysis confirms that SNe Ia in the optical do 
not introduce any bias in the H0 measurement due to systematic 
uncertainties introduced in their standardization


• To improve the precision in H0 we will need to:  
(i) increase number of calibrators (JWST) 
(ii) increase number of well-observed Hubble-flow SNIa (Roman) 
(iii) further study the NIR standardization of SNe Ia 

Future work: 
• Explore 3rd correction: environment 
• The Aarhus-Barcelona FLOWS project

• SAINTS: a NIR SNIa Pantheon-like

Müller-Bravo & Galbany 2022

LG, de Jaeger, Riess, …Leibundgut…et al.  
2023A&A...679A..95G

https://ui.adsabs.harvard.edu/#abs/2023A%26A...679A..95G/abstract


MUSE
60”x60” 

R~1700-3500 
~90,000 sp 
0.2”/spaxel 
4650-9300

  

PMAS
70”x70” 

R~500-1200 
~5,000 sp 
1”/spaxel 

3700-7500

  

Field of view 
Spectral Resolution 
Number of spectra 
Spatial Resolution 

Wavelength coverage

More than 
1000 SNIa 

host 
galaxies 
available 
(including 
SHOES)

PISCO AMUSING
Galbany+18 Galbany+16

IFS of SN host galaxies
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a. Build a new distance ladder in the NIR
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The Aarhus-Barcelona                         project

b. Independent estimate of  from pec. vel.σ8



Simulation with CSP

Fit to all bands Fit to gr + 1 JH epoch

Müller-Bravo, LG, et al. 2022A&A...665A.123M

https://ui.adsabs.harvard.edu/#abs/2022A%26A...665A.123M/abstract


Simulation with CSP



The Aarhus-Barcelona 
                        project

+ 1-3 JH epochs: VLT-8.1m HAWKI  
NTT-3.5m SOFI 
CAHA-3.5m Omega2000 
NOT-2.5m NOTCam 
CMO-2.5m NIRCam 
SPM-1.5m RATIR

757 SNe Ia already observed (goal 1000)

Already the SN survey with the largest number of SNe with NIR data

Optical light-curves: 
gr from ZTF, co from ATLAS, BVI from TJO

SN2021xmz 
H band 
NOT 2.5m 
NOTCam



SAINTS
Systematic Analysis Investigating NIR Type Ia Supernovae

1222 SNe Ia in the NIR up to z~0.7 
Full systematic analysis from published LC (recalibration, fitting, hosts…)

Erik Peterson Joel Johansson Tomás Müller Matt Grayling Suhail Dhawan Aaron Do



Lluís Galbany, ICE-CSIC (Barcelona)

The Hubble constant from near-infrared 
observations of type Ia supernovae

CosmoVerse, Napoli, 2025 May 23rd

Thanks!


