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Figure 2: Distance modulus constraints for a single SN Ia when having only rest-frame BV (blue), BV RI
(green), and full optical/NIR (red) photometry. (Left) 1D distance probability distribution for these cases.
The areas integrate to one, so that more precise predictions are taller, and less precise predictions are
broader. (Right) Predictive joint probability density of distance and extinction using optical or optical and
near-infrared data. The 2D modes are marked, and the inner and outer contours contain 68% and 95% of
the highest probability regions. Whereas with BV data only the distance is uncertain due to the uncertain
extinction by host galaxy dust, with NIR data, the uncertainties in extinction, and thus in distance, are
reduced significantly. From [26], using an earlier version of the BayeSN model.

sible and meet the mission requirements of JWST and Roman. Keck/NIRES observations
through a Key Strategic Mission Support program are the only way to provide such a
sample in the first years of JWST operations and before the launch of Roman.
In addition to supporting these flagship NASA missions and enabling their key science

objectives, this program will produce several major results independent of those missions.
We will finally combine optical and infrared SN data to constrain the nature of dark energy.
We will observe transients with no previous IR spectra. We will use tracers unique to the IR
to understand SN progenitors and explosions. We will provide the Keck data, in conjunction
with other optical and NIR data, to the community to aid in the interpretation of other
transients, especially those observed with JWST and Roman.

Supernova Cosmology: Current constraints on H0 and the dark energy equation-of-state
parameter, w, are systematics limited. There are several sources of systematic uncertainty
(see [3] for a comprehensive list), but the largest overall and the largest physical uncertainty
are the SN Ia spectral model and disentangling SN intrinsic color from dust reddening, re-
spectively. Although SN Ia distances have traditionally used optical light curves, recent
work has revealed the promise of near-infrared (NIR) observations to improve both statis-
tical and systematic uncertainties. Theory and small data sets both show that SNe Ia are
more standard in the NIR than the optical, and the e↵ect of dust extinction is strongly
mitigated [17, 18, 19, 20, 21, 22, 23, 24, Figure 2]. For instance, [25] show how a small
set of NIR SN Ia data can replace a much larger optical sample, and still provide a 4.3%
measurement of H0, fully consistent with the optical value from [8], without any light-curve
shape or color correction as is required for SN Ia in the optical.
JWST and Roman will predominantly observe in the IR, and even at z = 1, the data

will map to rest-frame NIR. Roman was designed, in part, because of the promise of NIR
observations of SNe Ia. Yet, if Roman were observing today, we would be unable to properly
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Hubble residuals is steeper than for either optical curve. Both
approaches suggest that the Hubble residual scatter is smaller in
the NIR compared to the optical; a larger sample of SNeIa in the
NIR would strengthen the evidence for this conclusion.

6. Conclusions

This work bolsters and confirms a growing body of evidence
that SNeIa in NIR are excellent standard candles in the YJHKs

bands in comparison to the optical BVR bands. Depending on
the NIR data subset, when using multiple NIR bands, our GP
method performs 2.3– T4.1 better in rms than either the SALT2
or SNooPy LC fitters for the same 56 SNeIa using BVR data
and applying LC shape and color corrections. Using a suitable
subset of the existing low-redshift sample including 89
spectroscopically normal SNeIa with NIR data, YJHKs (or
JH or YJH) photometry alone already provides a simple means
to estimate accurate and precise host galaxy distances in each

Figure 11. Comparing the scatter in the Hubble residuals, { }N% s , as defined in Equation (21), using NIR and optical methods for the same 56 SNeIa. The red, green,
and blue colors correspond to the Hubble residuals from the “any YJHKs” GP (NIR max) method (lower left panel of Figure 7), SALT2 (lower left panel of Figure 10),
and SNooPy (lower right panel of Figure 10), respectively. The left panel shows histograms (dashed lines) and Gaussian approximation to the histograms (solid lines)
of the Hubble residuals, where we observe that the distribution of the NIR Hubble residuals (red) is narrower than either optical distribution (blue or green). The right
panel shows the corresponding cumulative probability distribution functions, where we also note that the slope of the NIR curve is steeper than the optical curves,
asymptotic to 1 at a smaller value of N% , again indicating that the Hubble residual scatter is smaller in the NIR compared to the optical.

Figure 12. Individual YJHKs Hubble diagrams (top row) and residuals (bottom row) using the template method. Points are color coded by NIR photometric data
source, including the CfA (red; Wood-Vasey et al. 2008; Friedman et al. 2015), the CSP (blue; Krisciunas et al. 2017), and other data from the literature (green; see
Table 2). Note that only the CSP used a Y-band filter. In Table 12, we report the numerical values of the distance moduli shown in this figure. Table 8 shows the
intrinsic scatter in the Hubble diagram.
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Figure 2: Distance modulus constraints for a single SN Ia when having only rest-frame BV (blue), BV RI
(green), and full optical/NIR (red) photometry. (Left) 1D distance probability distribution for these cases.
The areas integrate to one, so that more precise predictions are taller, and less precise predictions are
broader. (Right) Predictive joint probability density of distance and extinction using optical or optical and
near-infrared data. The 2D modes are marked, and the inner and outer contours contain 68% and 95% of
the highest probability regions. Whereas with BV data only the distance is uncertain due to the uncertain
extinction by host galaxy dust, with NIR data, the uncertainties in extinction, and thus in distance, are
reduced significantly. From [26], using an earlier version of the BayeSN model.

sible and meet the mission requirements of JWST and Roman. Keck/NIRES observations
through a Key Strategic Mission Support program are the only way to provide such a
sample in the first years of JWST operations and before the launch of Roman.
In addition to supporting these flagship NASA missions and enabling their key science

objectives, this program will produce several major results independent of those missions.
We will finally combine optical and infrared SN data to constrain the nature of dark energy.
We will observe transients with no previous IR spectra. We will use tracers unique to the IR
to understand SN progenitors and explosions. We will provide the Keck data, in conjunction
with other optical and NIR data, to the community to aid in the interpretation of other
transients, especially those observed with JWST and Roman.

Supernova Cosmology: Current constraints on H0 and the dark energy equation-of-state
parameter, w, are systematics limited. There are several sources of systematic uncertainty
(see [3] for a comprehensive list), but the largest overall and the largest physical uncertainty
are the SN Ia spectral model and disentangling SN intrinsic color from dust reddening, re-
spectively. Although SN Ia distances have traditionally used optical light curves, recent
work has revealed the promise of near-infrared (NIR) observations to improve both statis-
tical and systematic uncertainties. Theory and small data sets both show that SNe Ia are
more standard in the NIR than the optical, and the e↵ect of dust extinction is strongly
mitigated [17, 18, 19, 20, 21, 22, 23, 24, Figure 2]. For instance, [25] show how a small
set of NIR SN Ia data can replace a much larger optical sample, and still provide a 4.3%
measurement of H0, fully consistent with the optical value from [8], without any light-curve
shape or color correction as is required for SN Ia in the optical.
JWST and Roman will predominantly observe in the IR, and even at z = 1, the data

will map to rest-frame NIR. Roman was designed, in part, because of the promise of NIR
observations of SNe Ia. Yet, if Roman were observing today, we would be unable to properly
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• Less sensitive to dust —> more precise distances

Hubble residuals is steeper than for either optical curve. Both
approaches suggest that the Hubble residual scatter is smaller in
the NIR compared to the optical; a larger sample of SNeIa in the
NIR would strengthen the evidence for this conclusion.

6. Conclusions

This work bolsters and confirms a growing body of evidence
that SNeIa in NIR are excellent standard candles in the YJHKs

bands in comparison to the optical BVR bands. Depending on
the NIR data subset, when using multiple NIR bands, our GP
method performs 2.3– T4.1 better in rms than either the SALT2
or SNooPy LC fitters for the same 56 SNeIa using BVR data
and applying LC shape and color corrections. Using a suitable
subset of the existing low-redshift sample including 89
spectroscopically normal SNeIa with NIR data, YJHKs (or
JH or YJH) photometry alone already provides a simple means
to estimate accurate and precise host galaxy distances in each

Figure 11. Comparing the scatter in the Hubble residuals, { }N% s , as defined in Equation (21), using NIR and optical methods for the same 56 SNeIa. The red, green,
and blue colors correspond to the Hubble residuals from the “any YJHKs” GP (NIR max) method (lower left panel of Figure 7), SALT2 (lower left panel of Figure 10),
and SNooPy (lower right panel of Figure 10), respectively. The left panel shows histograms (dashed lines) and Gaussian approximation to the histograms (solid lines)
of the Hubble residuals, where we observe that the distribution of the NIR Hubble residuals (red) is narrower than either optical distribution (blue or green). The right
panel shows the corresponding cumulative probability distribution functions, where we also note that the slope of the NIR curve is steeper than the optical curves,
asymptotic to 1 at a smaller value of N% , again indicating that the Hubble residual scatter is smaller in the NIR compared to the optical.

Figure 12. Individual YJHKs Hubble diagrams (top row) and residuals (bottom row) using the template method. Points are color coded by NIR photometric data
source, including the CfA (red; Wood-Vasey et al. 2008; Friedman et al. 2015), the CSP (blue; Krisciunas et al. 2017), and other data from the literature (green; see
Table 2). Note that only the CSP used a Y-band filter. In Table 12, we report the numerical values of the distance moduli shown in this figure. Table 8 shows the
intrinsic scatter in the Hubble diagram.
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Figure 2: Distance modulus constraints for a single SN Ia when having only rest-frame BV (blue), BV RI
(green), and full optical/NIR (red) photometry. (Left) 1D distance probability distribution for these cases.
The areas integrate to one, so that more precise predictions are taller, and less precise predictions are
broader. (Right) Predictive joint probability density of distance and extinction using optical or optical and
near-infrared data. The 2D modes are marked, and the inner and outer contours contain 68% and 95% of
the highest probability regions. Whereas with BV data only the distance is uncertain due to the uncertain
extinction by host galaxy dust, with NIR data, the uncertainties in extinction, and thus in distance, are
reduced significantly. From [26], using an earlier version of the BayeSN model.

sible and meet the mission requirements of JWST and Roman. Keck/NIRES observations
through a Key Strategic Mission Support program are the only way to provide such a
sample in the first years of JWST operations and before the launch of Roman.
In addition to supporting these flagship NASA missions and enabling their key science

objectives, this program will produce several major results independent of those missions.
We will finally combine optical and infrared SN data to constrain the nature of dark energy.
We will observe transients with no previous IR spectra. We will use tracers unique to the IR
to understand SN progenitors and explosions. We will provide the Keck data, in conjunction
with other optical and NIR data, to the community to aid in the interpretation of other
transients, especially those observed with JWST and Roman.

Supernova Cosmology: Current constraints on H0 and the dark energy equation-of-state
parameter, w, are systematics limited. There are several sources of systematic uncertainty
(see [3] for a comprehensive list), but the largest overall and the largest physical uncertainty
are the SN Ia spectral model and disentangling SN intrinsic color from dust reddening, re-
spectively. Although SN Ia distances have traditionally used optical light curves, recent
work has revealed the promise of near-infrared (NIR) observations to improve both statis-
tical and systematic uncertainties. Theory and small data sets both show that SNe Ia are
more standard in the NIR than the optical, and the e↵ect of dust extinction is strongly
mitigated [17, 18, 19, 20, 21, 22, 23, 24, Figure 2]. For instance, [25] show how a small
set of NIR SN Ia data can replace a much larger optical sample, and still provide a 4.3%
measurement of H0, fully consistent with the optical value from [8], without any light-curve
shape or color correction as is required for SN Ia in the optical.
JWST and Roman will predominantly observe in the IR, and even at z = 1, the data

will map to rest-frame NIR. Roman was designed, in part, because of the promise of NIR
observations of SNe Ia. Yet, if Roman were observing today, we would be unable to properly
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respect to T(Bmax). If the implied distances of high-redshift
SNe derived from rest-frame J- or H-band photometry are in
agreement with the distances derived from rest-frame UBV
photometry, that will increase our confidence in the adopted
extinction corrections. In addition, it will give us confidence
that Type Ia SNe that exploded billions of years ago are fun-
damentally the same type of objects that we now observe in
nearby galaxies.

Because Type Ia SNe are standard candles in the near-IR,
except for the objects with the largest possible decline rates, it
would be ideal if high-redshift supernovae are observed in the
H or K bands so that we might exploit the advantages of ob-
serving these important objects at least in the rest-frame J band.
The IR bandpasses are closer to notch filters21 than the optical
bands, and we would expect that the K-corrections should be
small at ‘‘magic’’ redshifts, at which the J band redshifts to
the effective wavelength of H or K or the H band redshifts to
K. This happens at z ¼ 0:33 (J j H , Hmax ¼ 21:8), z ¼ 0:73
(J j K, Kmax ¼ 23:1), and z ¼ 0:30 (H j K, Kmax ¼ 21:8)
for the LCO system of Persson et al. (1998). It is unlikely that
ground-based telescopes can reach the K-band detection at
z ¼ 0:73, but the H-band detection of S=N ¼ 15 at z ¼ 0:3 is
roughly 1 hr on an 8 m telescope in good conditions. With a
few supernovae sampled roughly four times near maximum
light, the effects of acceleration could be easily seen in the rest-
frame J-band magnitudes.

4. CONCLUSIONS

In this paper we have provided optical and/or infrared pho-
tometry of the Type Ia supernovae SN 1991T, SN 1991bg,
SN 1999ek, SN 2001bt, SN 2001cn, SN 2001cz, and SN2002bo.

The previously unpublished near-IR data of SN 1991T are
important because SN 1991T is the prototype of the slowly
declining Type Ia SNe. These data were obtained close enough
to T(Bmax) that they allow us to estimate the absolute magni-
tudes at maximum of this object. Just as Gibson & Stetson
(2001) found regarding the optical absolute magnitudes at
maximum, we find that SN 1991T had IR luminosities at
maximum comparable with other, spectroscopically normal,
objects.

In addition, because of the importance of SN 1991bg as the
prototype of the fast-declining Type Ia SNe, we felt it was
worthwhile to re-reduce and publish the few infrared data near
the epoch of maximum light without further delay. We also do
this to honor our late colleague Alain Porter. Within the er-
rors, SN 1991bg had a decline rate equal to that of SN 1999by.
The absolute magnitudes near maximum light in the IR of these
two objects were essentially the same and roughly half a mag-
nitude fainter than Type Ia SNe of midrange and slow decline
rates.

Benetti et al. (2004) have shown that SN 2002bo exhibited
unusual SEDs. As a result, we cannot confidently derive a value
of the extinction (AV) toward this object, because we cannot
compare its colors to other objects with similar SEDs that are
known to be unreddened. Four objects presented in this paper
have optical and IR light curves that are like many ‘‘normal’’
Type Ia SNe.

We have used a new program to carry out the !m15 analysis
for the BVRI data (Prieto et al. 2004). As one can see in the
corresponding figures, the derived light-curve templates fit the
BVRI data very well.

Following up the work of Krisciunas et al. (2004a, 2004b),
we derived the extinction-corrected apparent (and absolute)
magnitudes of five new midrange decliners in the near-IR and
confirmed that there is no apparent dependence of the abso-
lute magnitudes at maximum versus the decline rate or the
redshift for Type Ia SNe with !m15(B)P 1:7. The rms scatter
of the absolute magnitudes is roughly "0.15 mag in the JHK
bands. Thus, an individual object can give a distance good to
"7%.

Wemade use of the NASA/IPAC Extragalactic Database; the
SIMBAD database, operated at CDS, Strasbourg, France; and
the TwoMicron All-Sky Survey. We thank the Space Telescope
Science Institute for support from grants HST GO-07505.02A,
HST GO-08177.06 (the High-Z Supernova Team survey), and
HST GO-08641.07A, provided by NASA through a grant
from the Space Telescope Science Institute, which is operated
by AURA, Inc., under NASA contract NAS5-26555. We thank
STScI for the salary support for P. C. from grants GO-09114
and GO-09421. We thank Stefano Benetti and Peter Meikle
for many useful discussions about SN 2002bo and for sharing21 Having filter profiles with flat tops and minimal wings.

Fig. 16.—Absolute magnitudes of Type Ia SNe at maximum on the
H0 ¼ 72 km s#1 Mpc#1 scale as a function of !m15(B). We have added eight
objects to Fig. 3 of Krisciunas et al. (2004b). The symbols are the same as in
Fig. 14.

TABLE 17

Mean Absolute Magnitudes of Type Ia SNe at Maximuma

Filter hM i !x "2
# N

J...................... #18.61(03) "0.131 1.29 22

H..................... #18.28(03) "0.148 1.52 21

K ..................... #18.44(03) "0.145 0.99 20

a For objects with !m15(B)P1:7.
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• Less sensitive to dust —> more precise distances

Hubble residuals is steeper than for either optical curve. Both
approaches suggest that the Hubble residual scatter is smaller in
the NIR compared to the optical; a larger sample of SNeIa in the
NIR would strengthen the evidence for this conclusion.

6. Conclusions

This work bolsters and confirms a growing body of evidence
that SNeIa in NIR are excellent standard candles in the YJHKs

bands in comparison to the optical BVR bands. Depending on
the NIR data subset, when using multiple NIR bands, our GP
method performs 2.3– T4.1 better in rms than either the SALT2
or SNooPy LC fitters for the same 56 SNeIa using BVR data
and applying LC shape and color corrections. Using a suitable
subset of the existing low-redshift sample including 89
spectroscopically normal SNeIa with NIR data, YJHKs (or
JH or YJH) photometry alone already provides a simple means
to estimate accurate and precise host galaxy distances in each

Figure 11. Comparing the scatter in the Hubble residuals, { }N% s , as defined in Equation (21), using NIR and optical methods for the same 56 SNeIa. The red, green,
and blue colors correspond to the Hubble residuals from the “any YJHKs” GP (NIR max) method (lower left panel of Figure 7), SALT2 (lower left panel of Figure 10),
and SNooPy (lower right panel of Figure 10), respectively. The left panel shows histograms (dashed lines) and Gaussian approximation to the histograms (solid lines)
of the Hubble residuals, where we observe that the distribution of the NIR Hubble residuals (red) is narrower than either optical distribution (blue or green). The right
panel shows the corresponding cumulative probability distribution functions, where we also note that the slope of the NIR curve is steeper than the optical curves,
asymptotic to 1 at a smaller value of N% , again indicating that the Hubble residual scatter is smaller in the NIR compared to the optical.

Figure 12. Individual YJHKs Hubble diagrams (top row) and residuals (bottom row) using the template method. Points are color coded by NIR photometric data
source, including the CfA (red; Wood-Vasey et al. 2008; Friedman et al. 2015), the CSP (blue; Krisciunas et al. 2017), and other data from the literature (green; see
Table 2). Note that only the CSP used a Y-band filter. In Table 12, we report the numerical values of the distance moduli shown in this figure. Table 8 shows the
intrinsic scatter in the Hubble diagram.
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Figure 2: Distance modulus constraints for a single SN Ia when having only rest-frame BV (blue), BV RI
(green), and full optical/NIR (red) photometry. (Left) 1D distance probability distribution for these cases.
The areas integrate to one, so that more precise predictions are taller, and less precise predictions are
broader. (Right) Predictive joint probability density of distance and extinction using optical or optical and
near-infrared data. The 2D modes are marked, and the inner and outer contours contain 68% and 95% of
the highest probability regions. Whereas with BV data only the distance is uncertain due to the uncertain
extinction by host galaxy dust, with NIR data, the uncertainties in extinction, and thus in distance, are
reduced significantly. From [26], using an earlier version of the BayeSN model.

sible and meet the mission requirements of JWST and Roman. Keck/NIRES observations
through a Key Strategic Mission Support program are the only way to provide such a
sample in the first years of JWST operations and before the launch of Roman.
In addition to supporting these flagship NASA missions and enabling their key science

objectives, this program will produce several major results independent of those missions.
We will finally combine optical and infrared SN data to constrain the nature of dark energy.
We will observe transients with no previous IR spectra. We will use tracers unique to the IR
to understand SN progenitors and explosions. We will provide the Keck data, in conjunction
with other optical and NIR data, to the community to aid in the interpretation of other
transients, especially those observed with JWST and Roman.

Supernova Cosmology: Current constraints on H0 and the dark energy equation-of-state
parameter, w, are systematics limited. There are several sources of systematic uncertainty
(see [3] for a comprehensive list), but the largest overall and the largest physical uncertainty
are the SN Ia spectral model and disentangling SN intrinsic color from dust reddening, re-
spectively. Although SN Ia distances have traditionally used optical light curves, recent
work has revealed the promise of near-infrared (NIR) observations to improve both statis-
tical and systematic uncertainties. Theory and small data sets both show that SNe Ia are
more standard in the NIR than the optical, and the e↵ect of dust extinction is strongly
mitigated [17, 18, 19, 20, 21, 22, 23, 24, Figure 2]. For instance, [25] show how a small
set of NIR SN Ia data can replace a much larger optical sample, and still provide a 4.3%
measurement of H0, fully consistent with the optical value from [8], without any light-curve
shape or color correction as is required for SN Ia in the optical.
JWST and Roman will predominantly observe in the IR, and even at z = 1, the data

will map to rest-frame NIR. Roman was designed, in part, because of the promise of NIR
observations of SNe Ia. Yet, if Roman were observing today, we would be unable to properly
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respect to T(Bmax). If the implied distances of high-redshift
SNe derived from rest-frame J- or H-band photometry are in
agreement with the distances derived from rest-frame UBV
photometry, that will increase our confidence in the adopted
extinction corrections. In addition, it will give us confidence
that Type Ia SNe that exploded billions of years ago are fun-
damentally the same type of objects that we now observe in
nearby galaxies.

Because Type Ia SNe are standard candles in the near-IR,
except for the objects with the largest possible decline rates, it
would be ideal if high-redshift supernovae are observed in the
H or K bands so that we might exploit the advantages of ob-
serving these important objects at least in the rest-frame J band.
The IR bandpasses are closer to notch filters21 than the optical
bands, and we would expect that the K-corrections should be
small at ‘‘magic’’ redshifts, at which the J band redshifts to
the effective wavelength of H or K or the H band redshifts to
K. This happens at z ¼ 0:33 (J j H , Hmax ¼ 21:8), z ¼ 0:73
(J j K, Kmax ¼ 23:1), and z ¼ 0:30 (H j K, Kmax ¼ 21:8)
for the LCO system of Persson et al. (1998). It is unlikely that
ground-based telescopes can reach the K-band detection at
z ¼ 0:73, but the H-band detection of S=N ¼ 15 at z ¼ 0:3 is
roughly 1 hr on an 8 m telescope in good conditions. With a
few supernovae sampled roughly four times near maximum
light, the effects of acceleration could be easily seen in the rest-
frame J-band magnitudes.

4. CONCLUSIONS

In this paper we have provided optical and/or infrared pho-
tometry of the Type Ia supernovae SN 1991T, SN 1991bg,
SN 1999ek, SN 2001bt, SN 2001cn, SN 2001cz, and SN2002bo.

The previously unpublished near-IR data of SN 1991T are
important because SN 1991T is the prototype of the slowly
declining Type Ia SNe. These data were obtained close enough
to T(Bmax) that they allow us to estimate the absolute magni-
tudes at maximum of this object. Just as Gibson & Stetson
(2001) found regarding the optical absolute magnitudes at
maximum, we find that SN 1991T had IR luminosities at
maximum comparable with other, spectroscopically normal,
objects.

In addition, because of the importance of SN 1991bg as the
prototype of the fast-declining Type Ia SNe, we felt it was
worthwhile to re-reduce and publish the few infrared data near
the epoch of maximum light without further delay. We also do
this to honor our late colleague Alain Porter. Within the er-
rors, SN 1991bg had a decline rate equal to that of SN 1999by.
The absolute magnitudes near maximum light in the IR of these
two objects were essentially the same and roughly half a mag-
nitude fainter than Type Ia SNe of midrange and slow decline
rates.

Benetti et al. (2004) have shown that SN 2002bo exhibited
unusual SEDs. As a result, we cannot confidently derive a value
of the extinction (AV) toward this object, because we cannot
compare its colors to other objects with similar SEDs that are
known to be unreddened. Four objects presented in this paper
have optical and IR light curves that are like many ‘‘normal’’
Type Ia SNe.

We have used a new program to carry out the !m15 analysis
for the BVRI data (Prieto et al. 2004). As one can see in the
corresponding figures, the derived light-curve templates fit the
BVRI data very well.

Following up the work of Krisciunas et al. (2004a, 2004b),
we derived the extinction-corrected apparent (and absolute)
magnitudes of five new midrange decliners in the near-IR and
confirmed that there is no apparent dependence of the abso-
lute magnitudes at maximum versus the decline rate or the
redshift for Type Ia SNe with !m15(B)P 1:7. The rms scatter
of the absolute magnitudes is roughly "0.15 mag in the JHK
bands. Thus, an individual object can give a distance good to
"7%.
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Science Institute for support from grants HST GO-07505.02A,
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by AURA, Inc., under NASA contract NAS5-26555. We thank
STScI for the salary support for P. C. from grants GO-09114
and GO-09421. We thank Stefano Benetti and Peter Meikle
for many useful discussions about SN 2002bo and for sharing21 Having filter profiles with flat tops and minimal wings.

Fig. 16.—Absolute magnitudes of Type Ia SNe at maximum on the
H0 ¼ 72 km s#1 Mpc#1 scale as a function of !m15(B). We have added eight
objects to Fig. 3 of Krisciunas et al. (2004b). The symbols are the same as in
Fig. 14.

TABLE 17

Mean Absolute Magnitudes of Type Ia SNe at Maximuma

Filter hM i !x "2
# N

J...................... #18.61(03) "0.131 1.29 22

H..................... #18.28(03) "0.148 1.52 21

K ..................... #18.44(03) "0.145 0.99 20

a For objects with !m15(B)P1:7.
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• Less sensitive to dust —> more precise distances
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Hubble residuals is steeper than for either optical curve. Both
approaches suggest that the Hubble residual scatter is smaller in
the NIR compared to the optical; a larger sample of SNeIa in the
NIR would strengthen the evidence for this conclusion.

6. Conclusions

This work bolsters and confirms a growing body of evidence
that SNeIa in NIR are excellent standard candles in the YJHKs

bands in comparison to the optical BVR bands. Depending on
the NIR data subset, when using multiple NIR bands, our GP
method performs 2.3– T4.1 better in rms than either the SALT2
or SNooPy LC fitters for the same 56 SNeIa using BVR data
and applying LC shape and color corrections. Using a suitable
subset of the existing low-redshift sample including 89
spectroscopically normal SNeIa with NIR data, YJHKs (or
JH or YJH) photometry alone already provides a simple means
to estimate accurate and precise host galaxy distances in each

Figure 11. Comparing the scatter in the Hubble residuals, { }N% s , as defined in Equation (21), using NIR and optical methods for the same 56 SNeIa. The red, green,
and blue colors correspond to the Hubble residuals from the “any YJHKs” GP (NIR max) method (lower left panel of Figure 7), SALT2 (lower left panel of Figure 10),
and SNooPy (lower right panel of Figure 10), respectively. The left panel shows histograms (dashed lines) and Gaussian approximation to the histograms (solid lines)
of the Hubble residuals, where we observe that the distribution of the NIR Hubble residuals (red) is narrower than either optical distribution (blue or green). The right
panel shows the corresponding cumulative probability distribution functions, where we also note that the slope of the NIR curve is steeper than the optical curves,
asymptotic to 1 at a smaller value of N% , again indicating that the Hubble residual scatter is smaller in the NIR compared to the optical.

Figure 12. Individual YJHKs Hubble diagrams (top row) and residuals (bottom row) using the template method. Points are color coded by NIR photometric data
source, including the CfA (red; Wood-Vasey et al. 2008; Friedman et al. 2015), the CSP (blue; Krisciunas et al. 2017), and other data from the literature (green; see
Table 2). Note that only the CSP used a Y-band filter. In Table 12, we report the numerical values of the distance moduli shown in this figure. Table 8 shows the
intrinsic scatter in the Hubble diagram.
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Figure 2: Distance modulus constraints for a single SN Ia when having only rest-frame BV (blue), BV RI
(green), and full optical/NIR (red) photometry. (Left) 1D distance probability distribution for these cases.
The areas integrate to one, so that more precise predictions are taller, and less precise predictions are
broader. (Right) Predictive joint probability density of distance and extinction using optical or optical and
near-infrared data. The 2D modes are marked, and the inner and outer contours contain 68% and 95% of
the highest probability regions. Whereas with BV data only the distance is uncertain due to the uncertain
extinction by host galaxy dust, with NIR data, the uncertainties in extinction, and thus in distance, are
reduced significantly. From [26], using an earlier version of the BayeSN model.

sible and meet the mission requirements of JWST and Roman. Keck/NIRES observations
through a Key Strategic Mission Support program are the only way to provide such a
sample in the first years of JWST operations and before the launch of Roman.
In addition to supporting these flagship NASA missions and enabling their key science

objectives, this program will produce several major results independent of those missions.
We will finally combine optical and infrared SN data to constrain the nature of dark energy.
We will observe transients with no previous IR spectra. We will use tracers unique to the IR
to understand SN progenitors and explosions. We will provide the Keck data, in conjunction
with other optical and NIR data, to the community to aid in the interpretation of other
transients, especially those observed with JWST and Roman.

Supernova Cosmology: Current constraints on H0 and the dark energy equation-of-state
parameter, w, are systematics limited. There are several sources of systematic uncertainty
(see [3] for a comprehensive list), but the largest overall and the largest physical uncertainty
are the SN Ia spectral model and disentangling SN intrinsic color from dust reddening, re-
spectively. Although SN Ia distances have traditionally used optical light curves, recent
work has revealed the promise of near-infrared (NIR) observations to improve both statis-
tical and systematic uncertainties. Theory and small data sets both show that SNe Ia are
more standard in the NIR than the optical, and the e↵ect of dust extinction is strongly
mitigated [17, 18, 19, 20, 21, 22, 23, 24, Figure 2]. For instance, [25] show how a small
set of NIR SN Ia data can replace a much larger optical sample, and still provide a 4.3%
measurement of H0, fully consistent with the optical value from [8], without any light-curve
shape or color correction as is required for SN Ia in the optical.
JWST and Roman will predominantly observe in the IR, and even at z = 1, the data

will map to rest-frame NIR. Roman was designed, in part, because of the promise of NIR
observations of SNe Ia. Yet, if Roman were observing today, we would be unable to properly

2
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Why SNIa Cosmology in the NIR?

respect to T(Bmax). If the implied distances of high-redshift
SNe derived from rest-frame J- or H-band photometry are in
agreement with the distances derived from rest-frame UBV
photometry, that will increase our confidence in the adopted
extinction corrections. In addition, it will give us confidence
that Type Ia SNe that exploded billions of years ago are fun-
damentally the same type of objects that we now observe in
nearby galaxies.

Because Type Ia SNe are standard candles in the near-IR,
except for the objects with the largest possible decline rates, it
would be ideal if high-redshift supernovae are observed in the
H or K bands so that we might exploit the advantages of ob-
serving these important objects at least in the rest-frame J band.
The IR bandpasses are closer to notch filters21 than the optical
bands, and we would expect that the K-corrections should be
small at ‘‘magic’’ redshifts, at which the J band redshifts to
the effective wavelength of H or K or the H band redshifts to
K. This happens at z ¼ 0:33 (J j H , Hmax ¼ 21:8), z ¼ 0:73
(J j K, Kmax ¼ 23:1), and z ¼ 0:30 (H j K, Kmax ¼ 21:8)
for the LCO system of Persson et al. (1998). It is unlikely that
ground-based telescopes can reach the K-band detection at
z ¼ 0:73, but the H-band detection of S=N ¼ 15 at z ¼ 0:3 is
roughly 1 hr on an 8 m telescope in good conditions. With a
few supernovae sampled roughly four times near maximum
light, the effects of acceleration could be easily seen in the rest-
frame J-band magnitudes.

4. CONCLUSIONS

In this paper we have provided optical and/or infrared pho-
tometry of the Type Ia supernovae SN 1991T, SN 1991bg,
SN 1999ek, SN 2001bt, SN 2001cn, SN 2001cz, and SN2002bo.

The previously unpublished near-IR data of SN 1991T are
important because SN 1991T is the prototype of the slowly
declining Type Ia SNe. These data were obtained close enough
to T(Bmax) that they allow us to estimate the absolute magni-
tudes at maximum of this object. Just as Gibson & Stetson
(2001) found regarding the optical absolute magnitudes at
maximum, we find that SN 1991T had IR luminosities at
maximum comparable with other, spectroscopically normal,
objects.

In addition, because of the importance of SN 1991bg as the
prototype of the fast-declining Type Ia SNe, we felt it was
worthwhile to re-reduce and publish the few infrared data near
the epoch of maximum light without further delay. We also do
this to honor our late colleague Alain Porter. Within the er-
rors, SN 1991bg had a decline rate equal to that of SN 1999by.
The absolute magnitudes near maximum light in the IR of these
two objects were essentially the same and roughly half a mag-
nitude fainter than Type Ia SNe of midrange and slow decline
rates.

Benetti et al. (2004) have shown that SN 2002bo exhibited
unusual SEDs. As a result, we cannot confidently derive a value
of the extinction (AV) toward this object, because we cannot
compare its colors to other objects with similar SEDs that are
known to be unreddened. Four objects presented in this paper
have optical and IR light curves that are like many ‘‘normal’’
Type Ia SNe.

We have used a new program to carry out the !m15 analysis
for the BVRI data (Prieto et al. 2004). As one can see in the
corresponding figures, the derived light-curve templates fit the
BVRI data very well.

Following up the work of Krisciunas et al. (2004a, 2004b),
we derived the extinction-corrected apparent (and absolute)
magnitudes of five new midrange decliners in the near-IR and
confirmed that there is no apparent dependence of the abso-
lute magnitudes at maximum versus the decline rate or the
redshift for Type Ia SNe with !m15(B)P 1:7. The rms scatter
of the absolute magnitudes is roughly "0.15 mag in the JHK
bands. Thus, an individual object can give a distance good to
"7%.

Wemade use of the NASA/IPAC Extragalactic Database; the
SIMBAD database, operated at CDS, Strasbourg, France; and
the TwoMicron All-Sky Survey. We thank the Space Telescope
Science Institute for support from grants HST GO-07505.02A,
HST GO-08177.06 (the High-Z Supernova Team survey), and
HST GO-08641.07A, provided by NASA through a grant
from the Space Telescope Science Institute, which is operated
by AURA, Inc., under NASA contract NAS5-26555. We thank
STScI for the salary support for P. C. from grants GO-09114
and GO-09421. We thank Stefano Benetti and Peter Meikle
for many useful discussions about SN 2002bo and for sharing21 Having filter profiles with flat tops and minimal wings.

Fig. 16.—Absolute magnitudes of Type Ia SNe at maximum on the
H0 ¼ 72 km s#1 Mpc#1 scale as a function of !m15(B). We have added eight
objects to Fig. 3 of Krisciunas et al. (2004b). The symbols are the same as in
Fig. 14.

TABLE 17

Mean Absolute Magnitudes of Type Ia SNe at Maximuma

Filter hM i !x "2
# N

J...................... #18.61(03) "0.131 1.29 22

H..................... #18.28(03) "0.148 1.52 21

K ..................... #18.44(03) "0.145 0.99 20

a For objects with !m15(B)P1:7.
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• Less sensitive to dust —> more precise distances


• SNIa seem to be “true standard candles” in the NIR

Hubble residuals is steeper than for either optical curve. Both
approaches suggest that the Hubble residual scatter is smaller in
the NIR compared to the optical; a larger sample of SNeIa in the
NIR would strengthen the evidence for this conclusion.

6. Conclusions

This work bolsters and confirms a growing body of evidence
that SNeIa in NIR are excellent standard candles in the YJHKs

bands in comparison to the optical BVR bands. Depending on
the NIR data subset, when using multiple NIR bands, our GP
method performs 2.3– T4.1 better in rms than either the SALT2
or SNooPy LC fitters for the same 56 SNeIa using BVR data
and applying LC shape and color corrections. Using a suitable
subset of the existing low-redshift sample including 89
spectroscopically normal SNeIa with NIR data, YJHKs (or
JH or YJH) photometry alone already provides a simple means
to estimate accurate and precise host galaxy distances in each

Figure 11. Comparing the scatter in the Hubble residuals, { }N% s , as defined in Equation (21), using NIR and optical methods for the same 56 SNeIa. The red, green,
and blue colors correspond to the Hubble residuals from the “any YJHKs” GP (NIR max) method (lower left panel of Figure 7), SALT2 (lower left panel of Figure 10),
and SNooPy (lower right panel of Figure 10), respectively. The left panel shows histograms (dashed lines) and Gaussian approximation to the histograms (solid lines)
of the Hubble residuals, where we observe that the distribution of the NIR Hubble residuals (red) is narrower than either optical distribution (blue or green). The right
panel shows the corresponding cumulative probability distribution functions, where we also note that the slope of the NIR curve is steeper than the optical curves,
asymptotic to 1 at a smaller value of N% , again indicating that the Hubble residual scatter is smaller in the NIR compared to the optical.

Figure 12. Individual YJHKs Hubble diagrams (top row) and residuals (bottom row) using the template method. Points are color coded by NIR photometric data
source, including the CfA (red; Wood-Vasey et al. 2008; Friedman et al. 2015), the CSP (blue; Krisciunas et al. 2017), and other data from the literature (green; see
Table 2). Note that only the CSP used a Y-band filter. In Table 12, we report the numerical values of the distance moduli shown in this figure. Table 8 shows the
intrinsic scatter in the Hubble diagram.
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but with a consistent RMS(Δμ) (the SALT3 RMS is negligibly
smaller). Diff(Δzμ) is consistent with zero at the mmag level.

5.2. Training on Complete K21 Compilation

Finally, we train our best SALT3 model, which we call
SALT3.K21, using all of the data described in previous
sections as a training sample. The sample includes 1083 SNe, a
factor of 2.5 more SNe than the JLA training sample, and 1207
spectra, a factor of three increase in the number of spectra.
Synthetic light curves from SALT3.K21 and SALT2.JLA are
compared in Figure 11, and the model uncertainties are
compared in Figure 12. We see good consistency between
SALT2.JLA and SALT3.K21, with modest differences in the
u-band and some additional differences in redder bands; at both
wavelength ranges, we have substantially increased the training
sample (see Figure 10). Similarly, as shown in Figure 13, the
color law is consistent with that of SALT2.JLA to within 1%
across the entire wavelength range. As has previously been
noted, the inferred color law does not resemble observed

reddening laws determined from Milky Way extinction
measures such as those of Fitzpatrick (1999) and Cardelli
et al. (1989) in the ultraviolet and red optical wavelengths, as
might be expected if SN Ia color variations are caused
exclusively by host-galaxy dust similar to that of the
Milky Way.
We compare Hubble residuals of the SALT3.K21 and

SALT2.JLA models in Figure 8. Individual standardized
distances are consistent to 0.05 mag between the two models,
and the effects on the Hubble diagram are found in row 4 of
Table 5. Diff(Δzμ) is consistent with zero at 3± 14 mmag.
Finally, row 4 of Table 5 shows nuisance parameters and
Hubble diagram metrics, demonstrating that SALTshaker
produces a new SALT3 model with slightly lower total
dispersion, consistent σint, and consistent distances.
We note that the β parameter is lower by 0.17 in the SALT3

model, likely due to a reconsidered separation of color and
stretch. The nuisance parameter β has been physically
interpreted by comparison to RB= RV+ 1, the selective-to-
absolute extinction ratio of a dust reddening law, finding that it
is lower than expected from the typical Milky Way RV= 3.1.
These comparisons have been and continue to be informative,
as they demonstrate that either the dust reddening laws of SN Ia
host galaxies are distinct from that of the Milky Way, or that
circumstellar dust may play some role in the reddening of SN Ia
(see also Jha et al. 2007; Chotard et al. 2011, Burns et al. 2014;
Amanullah et al. 2015; Brout et al. 2021). As we believe that
the previous SALT model had confused the parameter c with
some intrinsic color sourced by the parameter x1 under the
assumption that x1 could have no effect on peak color of SN Ia,
a different value of β is expected. As the β we observe is still
inconsistent with expected RB values from the mean reddening
of the Milky Way, the aforementioned conclusions are not
substantially affected.

5.2.1. Model Uncertainties and Hubble Scatter of SALT3.K21

The uncertainties in Figure 12 show that both the color
scatter and light-curve uncertainties in redder bands are much

Figure 12. Color scatter as a function of central filter wavelength (left) and example light curves (right) with model uncertainties from SALT2.JLA (blue) and SALT3.
K21 (red). SALT3 has comparable errors in the u and g bands, but much smaller uncertainties in the r and i bands, due to training data with much better coverage at
those wavelengths, especially at large or small x1 (with errors in both models blowing up at very early phases). Only the SALT3 model covers the z band (right-most
panel). On the left, dashed lines illustrate the wavelengths where the color scatter is unconstrained by data from the JLA sample (blue) or the K21 compilation (red;
gray shading).

Figure 13. Comparison of SALT2.JLA vs. SALT3.K21 color law, along with
the extinction curves of Cardelli et al. (1989) and Fitzpatrick (1999) for
comparison. All four curves are normalized with RV fixed to 3.1.
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4.3. The Foundation Supernova Survey

The Foundation Supernova Survey (Foley et al. 2018)
followed SNe using the Pan-STARRS1 telescope, and
measured well-calibrated SN light curves in griz filters with a
five-day cadence near maximum light and an approximately
eight-day cadence beginning at +10 days after maximum light.
To achieve reduced selection effects compared to previous
surveys that targeted bright, preselected low-z galaxies,
Foundation primarily followed SNe discovered by untargeted
surveys such as the All-Sky Automated Survey for Supernovae
(Shappee et al. 2014), the Asteroid Terrestrial-impact Last
Alert System (Tonry et al. 2018), Gaia (Gaia Collaboration
et al. 2016), and the Pan-STARRS Survey for Transients
(Huber et al. 2015).

The Foundation first data release in Foley et al. (2018)
contains 225 SNe Ia, 180 of which are cosmologically useful,
and 153 of which pass our own light-curve quality cuts. These
data have been used to measure cosmological parameters in
Jones et al. (2019) and the correlation of host galaxy properties
with SN distances in Jones et al. (2018). The iz band coverage
of Foundation is particularly critical to creating a SALT3
model that is trained to redder wavelengths than enabled by the
JLA data alone. We include spectra for 114 Foundation SNe
from the Dettman et al. (2021) data release.

4.4. The Pan-STARRS Medium Deep Survey

The Pan-STARRS medium deep survey covered 70 square
degrees of sky over four years, discovering approximately 5200

SNe (Jones et al. 2017; Villar et al. 2020) and spectroscopically
classifying ∼10% of these at a median redshift of ∼0.35 (Rest
et al. 2014). The Pantheon analysis, which combined these data
with JLA, includes 279 PS1-observed SNe Ia with an average
of approximately 6 observations per 10 days in griz (Scolnic
et al. 2018). We use the 266 of these SNe Ia that pass our light-
curve quality cuts in our training data.

4.5. The Dark Energy Survey

The Dark Energy Survey (DES) three-year spectroscopically
classified SN sample contains 207 SNe Ia at a median redshift
of 0.36 (Abbott et al. 2019) (of which 206 pass our light-curve
quality cuts). These SNe were discovered by imaging eight
2.7 deg2 “shallow” fields (depth≈ 23.5 mag) and two 2.7 deg2

“deep” fields (depth≈ 24.5 mag) approximately once per week
(Smith et al. 2020b). Transients were discovered using a
difference-imaging pipeline (Kessler et al. 2015), and final
photometry was performed with a “scene modeling” pipeline
described in Brout et al. (2019b). See Abbott et al. (2019) and
Brout et al. (2019a) for additional details regarding the DES
SN Ia data and analyses. These data have a maximum redshift
of ∼0.85 and complement SNLS in probing rest-frame near-
UV wavelengths with well-calibrated (subpercent) photometric
data (Burke et al. 2018).

4.6. Sample Selection Cuts

To ensure that SNe are suitable for inclusion in a training
sample, we first require that every SN in the compilation is a

Figure 10. Number of light curves or spectra constraining each bin in our phase/wavelength space. Panels show coverage of photometric data (upper panels) and
spectral data (lower panels) in the JLA training sample (left panels), the PS1, DES, and Foundation data added in the K21 compilation (middle panels), and the
complete K21 compilation (right panels). A bin is considered “covered” by a given light curve if it is within the FWHM of the rest-frame bandpass. Foundation
photometry provides much more extensive photometric coverage of red wavelengths, while PS1 and DES photometry provide additional rest-frame blue photometry,
and the new photometric data cover the phase space more uniformly than JLA alone. Similarly, spectra from kaepora are immensely impactful at wavelengths
λ > 7500 Å, greatly assisting the deconvolution of z-band data.
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• Integrated into major simulation frameworks (SNCosmo, SNANA, etc.)


• Open-source training sample and code
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Questions to answer

• What is “SALT” and why should we keep using it?


• Why do we need a new version of SALT, and how do we get there?


• What does a fully trained NIR SALT model get us?
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Image Credit: NASA
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Image Credit: NASA

SALT3 Coverage

mailto:jpierel@stsci.edu


February 8, 2022 jpierel@stsci.edu29

Keck Infrared Transient Survey, 2022A

Figure 3: (Left) Redshift histogram of Roman SNe Ia for the current Project reference HLTDS (Roman
Supernova Science Investigation Teams, private communication). This potential survey design has two
tiers: “wide” and “deep” to observe ⇠9000 lower-z and ⇠4000 higher-z SNe Ia, respectively. The exact
balance between tiers will be informed in part by the results of this program. (Right) Fractional distance
error from statistical errors only as a function of redshift for a combined Roman and low-z sample. The
increase in uncertainty around z = 0.1 is due to the drop in number of SNe per redshift bin as the data
set transitions between these two surveys.

analyze the SN data because we lack su�cient NIR spectra. These data are critical to (1)
build a spectral model that will be used to measure distances, (2) break the degeneracy
between SN intrinsic color and dust, and (3) properly classify JWST and Roman discoveries.
Additionally, the design of the Roman HLTDS and thus the mission’s ultimate dark

energy constraints depends on how SNe Ia perform in the NIR. If SNe Ia perform better
in the NIR than expected, we should tilt our filter choices and exposure times to observe
more, lower-z SNe in the rest-frame NIR (observer-frame HK corresponds to rest-frame
Y J at z = 0.5). If they are worse, we should focus more on higher-z SNe and the rest-
frame optical. These choices will a↵ect the overall footprint of the HLTDS, its depth, what
filters are used, and will propagate to the final SN Ia redshift distribution (Figure 3). With
the current NIR data set, we do not have the necessary information to make this
critical decision that must be made before launch — and we are running out
of time.
The missing piece to solve the above problems is a well-defined spectral model of SNe Ia in

the NIR. Cosmologists use a spectral model that describes the temporally evolving spectral-
energy distribution (SED) of a SN Ia to interpret light-curve data, avoiding k-corrections.
The SED is adjusted depending on SN parameters such as decline rate and color, and
through this transfer function, distances are determined. Errors in the spectral model
propagate to distance errors and biases, some of which will depend on redshift as filters
shift through the rest frame, resulting in what is currently the largest systematic uncertainty
for SN cosmology [3, 27]. A proper spectral model is also critical to distinguish between
intrinsic color variations and non-Milky Way-like dust [28, 29], the largest astrophysical
systematic uncertainty for SN cosmology. The largest overall and physical systematic
uncertainties for SN cosmology depend on the NIR spectral model.
The most sophisticated algorithms for measuring SN distances do not have any true

3

Image Credit: Rose+2021
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Figure 10. The RAISIN Hubble diagram, with low-z SNe from CSP (green), and high-z samples from RAISIN1 (orange) and
RAISIN2 (purple). We show photometric uncertainties only, neglecting the contribution of intrinsic scatter for visual clarity.

Table 2. Summary of Systematic Uncertainties on w from
NIR Data Alone

Error �w ��w �w,sys/�stat

All Sys. -0.051 0.085 1.04

Bias Corr. -0.015 0.066 0.808

� sBV -0.015 0.066 0.807

� AV -0.000 0.005 0.061

Mass Step -0.018 0.043 0.528

Phot. Cal. 0.003 0.029 0.359

� Low-z 0.002 0.029 0.358

� HST 0.000 0.003 0.035

Template Flux 0.004 0.009 0.114

Pec. Vel. -0.017 0.010 0.110

MW E(B-V) 0.000 0.003 0.041

NIR SN Model -0.010 0.000 0.000

k-corr. -0.001 0.000 0.000

Note. Summary of systematic uncertainties
on the wCDM model with constraints from
SNe+Planck. �w is the shift in w resulting from
applying each systematic uncertainty and ��w

is the additional uncertainty that would need to
be added in quadrature to the statistical error to
yield the uncertainty on w from a given variant.
Note that some variants shift the value of w but
do not increase its uncertainties.

higher than the Pantheon scatter of 0.141 mag, showing
the value of well-sampled NIR light curves near maxi-
mum light. Future samples with additional epochs near

maximum light and a revised NIR model will reduce
the scatter well below that achievable from optical data
(Avelino et al. 2019). Additional data in the gap be-
tween the low-z and RAISIN redshifts would be partic-
ularly beneficial in creating an extended NIR Hubble
diagram.

4.1. ⌦m and w

By using CosmoMC to constrain cosmological param-
eters from SNe alone, Figure 11 shows the constraints on
non-flat CDM relative to Pantheon and the cosmic accel-
eration discovery sample from Riess et al. (1998). These
data thereby confirm cosmic acceleration with high sig-
nificance, using a new method and wavelength range
that has less sensitivity to dust extinction uncertainties.
In a flat universe, from RAISIN SNe alone, we find ⌦m =
0.363± 0.081.
With CMB constraints from Planck Collaboration

et al. (2018) we find a dark energy equation of state
of 1+w = �0.04± 0.12 (Figure 12). This measurement
is consistent with the previous NIR measurement from
Freedman et al. (2009) of 1+w = �0.05±0.13 (stat) ±
0.09 (sys) but with smaller uncertainties.
Statistical and systematic uncertainties in this analy-

sis are approximately equal. The dominant systematic
uncertainty in this measurement is the bias correction —
predominantly due to uncertainty in the intrinsic sBV

distribution — which will improve with larger sample
sizes and improved light curve fitting methods. The
second-largest systematic uncertainty is the size of the
NIR mass step (Section 5.1), which will similarly im-

SIRAH (HST Cycles 27 & 28) RAISIN (HST Cycles  20 & 23)

Image Credit: Jones+2022
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SALT3 Coverage

Updated Training Sample

Preliminary  
SALT3-NIR Training
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Questions to answer

• What is “SALT” and why should we keep using it?


• Why do we need a new version of SALT, and how do we get there?


• What does a fully trained NIR SALT model get us?
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Decreasing  uncertainty 
is equivalent to increasing 

the SNIa sample size

μ

Keck Infrared Transient Survey, 2022A
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Figure 2: Distance modulus constraints for a single SN Ia when having only rest-frame BV (blue), BV RI
(green), and full optical/NIR (red) photometry. (Left) 1D distance probability distribution for these cases.
The areas integrate to one, so that more precise predictions are taller, and less precise predictions are
broader. (Right) Predictive joint probability density of distance and extinction using optical or optical and
near-infrared data. The 2D modes are marked, and the inner and outer contours contain 68% and 95% of
the highest probability regions. Whereas with BV data only the distance is uncertain due to the uncertain
extinction by host galaxy dust, with NIR data, the uncertainties in extinction, and thus in distance, are
reduced significantly. From [26], using an earlier version of the BayeSN model.

sible and meet the mission requirements of JWST and Roman. Keck/NIRES observations
through a Key Strategic Mission Support program are the only way to provide such a
sample in the first years of JWST operations and before the launch of Roman.
In addition to supporting these flagship NASA missions and enabling their key science

objectives, this program will produce several major results independent of those missions.
We will finally combine optical and infrared SN data to constrain the nature of dark energy.
We will observe transients with no previous IR spectra. We will use tracers unique to the IR
to understand SN progenitors and explosions. We will provide the Keck data, in conjunction
with other optical and NIR data, to the community to aid in the interpretation of other
transients, especially those observed with JWST and Roman.

Supernova Cosmology: Current constraints on H0 and the dark energy equation-of-state
parameter, w, are systematics limited. There are several sources of systematic uncertainty
(see [3] for a comprehensive list), but the largest overall and the largest physical uncertainty
are the SN Ia spectral model and disentangling SN intrinsic color from dust reddening, re-
spectively. Although SN Ia distances have traditionally used optical light curves, recent
work has revealed the promise of near-infrared (NIR) observations to improve both statis-
tical and systematic uncertainties. Theory and small data sets both show that SNe Ia are
more standard in the NIR than the optical, and the e↵ect of dust extinction is strongly
mitigated [17, 18, 19, 20, 21, 22, 23, 24, Figure 2]. For instance, [25] show how a small
set of NIR SN Ia data can replace a much larger optical sample, and still provide a 4.3%
measurement of H0, fully consistent with the optical value from [8], without any light-curve
shape or color correction as is required for SN Ia in the optical.
JWST and Roman will predominantly observe in the IR, and even at z = 1, the data

will map to rest-frame NIR. Roman was designed, in part, because of the promise of NIR
observations of SNe Ia. Yet, if Roman were observing today, we would be unable to properly

2

SALT3-NIR

SALT3Additional filters at redder wavelengths 
reduce distance uncertainties
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Summary
• The NIR is an exciting frontier for SNIa cosmology


• Training an Optical+NIR SNIa spectral model (SALT3-NIR) is possible for the first time


• SALT3-NIR can help optimize the Roman HLTDS even further


• SALT3-NIR fully leverages the Roman wavelength coverage at low redshift
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