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Strong, stable 58Ni → high-mass white dwarf 
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Ejecta Geometry from Emission Line Profiles
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unobserved before JWST
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Kwok et al. (2023)Kwok et al. (in prep.)Kwok et al. (2023)

[Ni IV]
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Strong, stable 58Ni → high-mass white dwarf 
Broad, flat-topped Ar, Ca → layered ejecta structure  
        → some type of detonation involved

JWST observations of normal SN Ia 2021aefx



21aefx

22aaiq

DerKacy et al. (2023)

SN 2022aaiqSN 2021aefx

Kwok et al. (2025, submitted)

variations in viewing angle  
should produce different 

slopes for IME line profiles
as seen in JWST data!

JWST observations of Normal SN Ia



JWST observations of Normal SN Ia 2024gy
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JWST observations of Normal SN Ia 2024gy
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Cooling CSM dust in the normal SN Ia 2023qov

Macrie, Larison, Sears et al. (in prep)
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JWST is revolutionizing our view of WD SN
IR spectra: a key to progenitors & explosion models

Kwok (2024) PhD thesis
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the thermonuclear 
supernova zoo

Taubenberger (2017)
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exploding white dwarfs:  
much more than just normal SN Ia!

what can the outliers teach us?



Dust!
Central O, Ne

Asymmetric line profiles
Strong Ar, Ca emission

Siebert et al. (2024)

Violent WD-WD merger within C/O CSM

Kwok et al. (2024)

Blondin et al. (2023)

SN 2022pul: a peculiar 03fg-like WDSN



Getting Late Early: MIR Spectra of SN Iax

Kwok et al. (2025)



SN Ia vs. SN Iax in the MIR
flat topped IME and peaked IGE profiles in normal/91bg-likes → stratified ejecta → detonation
peaked IME and IGE profiles in SN Iax → mixed ejecta → deflagration?

Kwok et al. (2025)



Getting Late Early: SN Iax as Deflagrations

Kwok et al. (2025)



Hubble trouble
Geometric anchors + Cepheids + SN Ia show 
~9% H0 tension with Planck CMB + ΛCDM

Type Ia supernovae  
give a precise value  
of the Hubble constant 
  
…even if we don’t know  
exactly how they explode.

Distances to Type Ia Supernovae
Saurabh W. Jha, Rutgers University

Dan Scolnic, Duke University

Adam Riess, Johns Hopkins University & STScI

KPNO 4m image of SN 2011fe in M101 (T.A. Rector, H. Schweiker & S. Pakzad)

Introduction: Local measurements of the Hubble Constant are in tension with 
the prediction of ΛCDM from early Universe measurements of the CMB. Is this a 
sign of “new physics” beyond ΛCDM or due to systematic errors? Among other 
techniques, Type Ia supernovae (SN Ia) are a key part of the local distance ladder. 
We do not fully understand the progenitors or explosions of SN Ia, so how can 
we be confident they provide robust distances and cosmological constraints?

Dhawan, Jha, & Leibundgut (2018)

Riess et al. (2016, ApJ, 826, 1)

SH0ES

2. calibrator distances  
to nearby SN Ia

A&A 609, A72 (2018)

Fig. 1. The peak J absolute magnitude distribution for the calibrator
SN Ia sample, based on the Cepheid distances of Riess et al. (2016). The
data have been corrected for Milky Way extinction and K-corrections,
but no further light curve shape or colour correction is applied.

match colours, otherwise we use J, H, and K filters. The for-
mer approach is more reliable, as pointed out by Boldt et al.
(2014); nonetheless these di↵erences are small for SNe in our
sample (.0.01 mag). For four objects (SN 2005eq, SN 2006lf,
PTF10mwb, and PTF10ufj), the default Gaussian process co-
variance function parameters do not produce a satisfactory fit.
For these objects, we reduce the scale and increase the ampli-
tude of the covariance function (the parameters are specified in
the fitting module code). Our final results are listed in Table 2.

We retrieved CMB-frame redshifts for the Hubble-flow host
galaxies from NED2. These are largely consistent with values
previously reported in the literature, except for NGC 2930, host
of SN 2005M, which has a previously erroneous redshift now
corrected in NED. Four of our Hubble-flow host galaxies are
cluster members: for these we take the cosmological redshift as
the cluster redshift reported in NED rather than the specific host
galaxy redshift to avoid large peculiar velocities from the cluster
velocity dispersion. These objects are noted in Table 2. Follow-
ing the analysis of Riess et al. (2016), we also tabulate redshifts
corrected for coherent flows derived from a model based on visi-
ble large scale structure (Carrick et al. 2015). Along with the re-
ported redshift uncertainties �z, we adopt an additional peculiar
velocity uncertainty of �pec = 150 km s�1 (for all SNe except
PTF10ufj the redshift uncertainty is sub-dominant compared to
the peculiar velocity uncertainty).

The high precision of modern SN Ia H0 measurements
(Riess et al. 2009, 2011, 2016) is due in part to selecting an
“ideal” set of calibrator SN Ia, with low extinction and typical
light curve shapes. The Hubble-flow SN Ia are a much more het-
erogeneous set than these ideal calibrators. Given that we are
not applying colour or light curve shape corrections and treat-
ing the SN Ia as standard candles in their peak J magnitude, it
is important to ensure that our Hubble-flow objects are on the
whole similar to the calibrators. In Fig. 2, we plot the Hubble-
flow Hubble diagram residuals and calibrator absolute magni-
tudes on the same scale, as a function of host-galaxy morphol-
ogy and two parameters estimated from the optical light curves
of these SN Ia: host galaxy reddening E(B � V) and light-curve
decline rate �m15(B) (Phillips 1993; Hamuy et al. 1996). These
quantities are taken from the literature and tabulated in Table 3;
we have not attempted to derive them in a uniform way. Rather,

2 http://ned.ipac.caltech.edu

Fig. 2. A comparison of the calibrator and Hubble-flow samples in
host-galaxy morphology, host-galaxy reddening, and optical light-curve
decline rate. Blue circles show the Hubble-flow sample J-band Hub-

ble-diagram residuals (left axis), while red squares show the calibrator
absolute J magnitudes (right axis). The open circles indicate three fast-
declining SN Ia that are excluded from our fiducial sample as outliers.
These plots are used to define sample cuts only. Distances are based on
the J-band photometry alone, with no corrections from these diagnostic
parameters.

we are interested in comparing the Hubble-flow and calibrator
SN Ia to suggest sample cuts. Beyond that, we do not use the
optical photometry in any way in our results.

Figure 2 shows that the Hubble-flow SN Ia span a broader
range of the displayed diagnostic parameters than the calibra-
tors. This is to be expected. For example, the calibrator galax-
ies are chosen to host Cepheids, excluding early-type galaxies.
Similarly the “ideal” calibrators have low host reddening and
normal decline rates. Nonetheless, the visual impression from
Fig. 2 is that the broader Hubble-flow sample does not show
obvious trends with the parameters, except for the three fast-
declining (�m15(B) > 1.7) SN Ia, which are clear outliers (open
circles). Indeed, Krisciunas et al. (2009), Kattner et al. (2012),
and Dhawan et al. (2017b) have demonstrated that the NIR ab-
solute magnitudes of fast-declining SN Ia diverge considerably
from their more normal counterparts (similar to the behaviour
in optical bands). We define a fiducial sample for analysis ex-
cluding these three SN Ia, and explore further sample cuts in
Sect. 4.1.
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Fig. 3. Hubble diagram for our fiducial sample of 27 Hubble-flow SN Ia.

and we fix q0 = �0.55 and j0 = 1. We have also explored
the dynamic parametrisation of the luminosity distance in a flat,
⌦M +⌦⇤ = 1, Universe (see, e.g., Jha et al. 2007),

dL(z) =
c(1 + z)

H0

Z
z

0

h
⌦M(1 + z

0)3 +⌦⇤
i�1/2

dz
0. (4)

Because our Hubble-flow sample is at quite low redshift, we find
no significant di↵erences in our results with either approach,
nor when varying cosmological parameters within their obser-
vational limits.

In estimating H0 from SN Ia it is traditional to rewrite
Eqs. (2) and (3) as

log H0 =
MJ + 5aJ + 25

5
, (5)

where MJ is constrained by the calibrator sample, and aJ is the
“intercept of the ridge line” that can be determined separately
from the Hubble-flow sample. Ignoring higher order terms, the
intercept is given by

aJ = log cz+log
2
666641 +

(1 � q0)z
2

�
(1 � q0 � 3q

2
0 + j0)z2

6

3
77775�0.2mJ .

(6)

We vary the traditional analysis slightly to account for the neces-
sary intrinsic scatter parameter, �int, that we interpret as super-
nova to supernova variance in the peak J luminosity. We intro-
duce �int as a nuisance parameter that is to be constrained by the

data and marginalized over. We assume that the intrinsic scatter
is a property of the supernovae, independent of whether an ob-
ject is in the calibrator sample or the Hubble-flow sample (and
test this assumption in Sect. 4.2). In this case the full uncertainty
for a given calibrator object i is

�2
M,i = �

2
fit,i + �

2
Ceph,i + �

2
int (7)

and the total uncertainty for a Hubble-flow object k is

�2
m,k = �

2
fit,k + �

2
z,mag,k + �

2
pec,mag,k + �

2
int. (8)

Because the same intrinsic scatter a↵ects the relative weights of
both calibrator and Hubble-flow objects, we cannot solve for MJ

and aJ independently. Instead we fit a joint Bayesian model to
the combined data set, with MCMC sampling of the posterior
distribution using the emcee package (Foreman-Mackey et al.
2013a,b). In principle we have four fit parameters: MJ , aJ , �int,
and H0, but we can simplify this to just three using Eq. (5). We
choose H0, MJ , and �int as our parameterisation, and simply cal-
culate aJ for each MCMC sample given H0 and MJ . The results
would be identical if we had fit for aJ and calculated H0. For
convenience, rather than aJ , we tabulate �5aJ which can be ex-
pressed in units of magnitudes and interpreted in the same sense
as the Hubble-flow peak magnitudes mJ . In our Bayesian anal-
ysis we take uninformative priors: uniform on H0 > 0 and MJ ,
and scale-free on �int > 0, with p(�int) = 1/�int. Our full analy-
sis code, including notebooks that produce Figs. 1–4, is available
online3.

4. Results

Our fiducial sample consists of the 9 calibrator SN Ia and
27 Hubble-flow SN Ia (i.e., excluding the three fast-declining
outliers). We use the NED redshifts and uncertainties (Cols. 3
and 4 of Table 2) for the Hubble-flow objects. The results
from 2 ⇥ 105 posterior samples of our model are shown in
Fig. 4 and tabulated in Table 4. We find a sample median
H0 = 72.78+1.60

�1.57 km s�1 Mpc�1, where the uncertainty is statis-
tical only, and is measured down (up) to the 16th (84th) per-
centile4. The 2.2% statistical uncertainty is impressive given the
small sample size. The results show that the median calibrator
peak magnitude (MJ = �18.524 ± 0.041) contributes approxi-
mately 2% uncertainty to H0 , whereas the Hubble flow sample
contributes about 1% (�5aJ = �2.834±0.023 mag), in line with
the numbers of supernovae in each category.

We also see the intrinsic scatter parameter is estimated
clearly to be non-zero: �int = 0.096+0.018

�0.016. This has the e↵ect of
increasing the uncertainties in the other parameters, for instance,
roughly doubling the uncertainty on the peak absolute magni-
tude MJ compared to the straight weighted mean calculated in
Sect. 3. Though our analysis method was developed to allow the
intrinsic scatter parameter to connect to both the calibrator and
Hubble-flow samples, we further see in Fig. 4 that MJ and �5aJ

do not have much correlation, reflecting the fact they are largely
being constrained separately by the calibrators and Hubble-flow
objects, respectively.

4.1. SN sample choices

To explore the sensitivity of our derived H0 , in Table 4 we
present a number of di↵erent sample choices. First, we find
3 https://github.com/sdhawan21/irh0
4 As seen in Fig. 4, the marginal distributions are largely symmetric,
so using the medians or means give similar results.
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H0 = 72.8 ± 3.1 km s−1 Mpc−1
Using only near-infrared SN Ia:

The SN Ia Distance Ladder has three steps: 1. geometry → 2. calibrators (e.g., 
Cepheids) →  3. SN Ia. The SN Ia piece of the H0 measurement is a differential 
measurement between the calibrated SN Ia and the Hubble flow SN Ia. 

Calibrated SN Ia






d ∼ 25 Mpc, z ∼ 0.006

μ = m − M ∼ 32
lookback t ∼ 80 Myr

Hubble-flow SN Ia






d ∼ 200 Mpc, z ∼ 0.05

μ = m − M ∼ 36.5
lookback t ∼ 650 Myr

As long as these SN Ia samples are similar on 
average, there is no large SN Ia systematic. 
The Hubble flow SN Ia sample itself spans a 
wider range in distance, redshift, or lookback 
time than the difference with the calibrators, and 
it shows no evidence for large systematics.

SN Ia systematics are at 
the ~1% level, well below 
the ~9% H0 tension with 
Planck + ΛCDM.

1. geometric distances 
to calibrators 

(Cepheids, TRGB)

zobs ≈ zcosmological

3. SN Ia in smooth  
Hubble flow, where 

We continue to test for potential SN 
Ia systematics, e.g., switching from 
optical to near-infrared SN Ia light 
curves gives a consistent value of H0.


We will improve the NIR SN Ia sample 
and its calibration with SIRAH, a new 
Hubble Space Telescope program in 
Cycles 27+28. 

download this poster by pointing 
your phone camera at this QR code

design inspired by M. Morrison 
#betterposter
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Riess+ 2016

  C17, F18, FK18 reanalyses
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Dhawan+ 2018 SN Ia NIR only
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∆ ΩK = -0.01

∆ σ = 10-33 cm2/g

«
new

 physics »

(beyond ΛCDM
)

independent 

of SN Ia!

As long as these SN Ia samples are similar on 
average, there is no large SN Ia systematic. 
The Hubble flow SN Ia sample itself spans a 
wider range in distance, redshift, or lookback time 
than the difference with the calibrators, and it 
shows no evidence for large systematics.

a differential measurement between 
Hubble-flow and local calibrator SN Ia

18

Figure 7. Comparison of the baseline result with previous literature results, based on early universe indirect inferences using
the flat !CDM model, based on direct measurements in the late universe, and based on strong lensing results (which involve
additional modeling).

should not be regarded as alternative, equally valid solutions. Rather, their role is to illustrate the statistical properties
of the data, identify potential problems, and/or reinforce their validity. This is especially true when considering the
consistency checks, which are designed specifically so that each path uses only a small fraction of the available data,
and thus has by construction a large nominal uncertainty, which is in no way representative of the uncertainty in H0.
Third, the results of all variants are highly correlated because they share large portions of data. An exception are the
orthogonal paths in Section 5.3.1, which serve as consistency checks. Hence, the scatter between variants is expected
to be much smaller than their error estimates.

H0DN collaboration 
Casertano et al. (2025)
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Fig. 1. The peak J absolute magnitude distribution for the calibrator
SN Ia sample, based on the Cepheid distances of Riess et al. (2016). The
data have been corrected for Milky Way extinction and K-corrections,
but no further light curve shape or colour correction is applied.

match colours, otherwise we use J, H, and K filters. The for-
mer approach is more reliable, as pointed out by Boldt et al.
(2014); nonetheless these di↵erences are small for SNe in our
sample (.0.01 mag). For four objects (SN 2005eq, SN 2006lf,
PTF10mwb, and PTF10ufj), the default Gaussian process co-
variance function parameters do not produce a satisfactory fit.
For these objects, we reduce the scale and increase the ampli-
tude of the covariance function (the parameters are specified in
the fitting module code). Our final results are listed in Table 2.

We retrieved CMB-frame redshifts for the Hubble-flow host
galaxies from NED2. These are largely consistent with values
previously reported in the literature, except for NGC 2930, host
of SN 2005M, which has a previously erroneous redshift now
corrected in NED. Four of our Hubble-flow host galaxies are
cluster members: for these we take the cosmological redshift as
the cluster redshift reported in NED rather than the specific host
galaxy redshift to avoid large peculiar velocities from the cluster
velocity dispersion. These objects are noted in Table 2. Follow-
ing the analysis of Riess et al. (2016), we also tabulate redshifts
corrected for coherent flows derived from a model based on visi-
ble large scale structure (Carrick et al. 2015). Along with the re-
ported redshift uncertainties �z, we adopt an additional peculiar
velocity uncertainty of �pec = 150 km s�1 (for all SNe except
PTF10ufj the redshift uncertainty is sub-dominant compared to
the peculiar velocity uncertainty).

The high precision of modern SN Ia H0 measurements
(Riess et al. 2009, 2011, 2016) is due in part to selecting an
“ideal” set of calibrator SN Ia, with low extinction and typical
light curve shapes. The Hubble-flow SN Ia are a much more het-
erogeneous set than these ideal calibrators. Given that we are
not applying colour or light curve shape corrections and treat-
ing the SN Ia as standard candles in their peak J magnitude, it
is important to ensure that our Hubble-flow objects are on the
whole similar to the calibrators. In Fig. 2, we plot the Hubble-
flow Hubble diagram residuals and calibrator absolute magni-
tudes on the same scale, as a function of host-galaxy morphol-
ogy and two parameters estimated from the optical light curves
of these SN Ia: host galaxy reddening E(B � V) and light-curve
decline rate �m15(B) (Phillips 1993; Hamuy et al. 1996). These
quantities are taken from the literature and tabulated in Table 3;
we have not attempted to derive them in a uniform way. Rather,

2 http://ned.ipac.caltech.edu

Fig. 2. A comparison of the calibrator and Hubble-flow samples in
host-galaxy morphology, host-galaxy reddening, and optical light-curve
decline rate. Blue circles show the Hubble-flow sample J-band Hub-

ble-diagram residuals (left axis), while red squares show the calibrator
absolute J magnitudes (right axis). The open circles indicate three fast-
declining SN Ia that are excluded from our fiducial sample as outliers.
These plots are used to define sample cuts only. Distances are based on
the J-band photometry alone, with no corrections from these diagnostic
parameters.

we are interested in comparing the Hubble-flow and calibrator
SN Ia to suggest sample cuts. Beyond that, we do not use the
optical photometry in any way in our results.

Figure 2 shows that the Hubble-flow SN Ia span a broader
range of the displayed diagnostic parameters than the calibra-
tors. This is to be expected. For example, the calibrator galax-
ies are chosen to host Cepheids, excluding early-type galaxies.
Similarly the “ideal” calibrators have low host reddening and
normal decline rates. Nonetheless, the visual impression from
Fig. 2 is that the broader Hubble-flow sample does not show
obvious trends with the parameters, except for the three fast-
declining (�m15(B) > 1.7) SN Ia, which are clear outliers (open
circles). Indeed, Krisciunas et al. (2009), Kattner et al. (2012),
and Dhawan et al. (2017b) have demonstrated that the NIR ab-
solute magnitudes of fast-declining SN Ia diverge considerably
from their more normal counterparts (similar to the behaviour
in optical bands). We define a fiducial sample for analysis ex-
cluding these three SN Ia, and explore further sample cuts in
Sect. 4.1.
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SN Ia as NIR standard candles
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Fig. 3. Hubble diagram for our fiducial sample of 27 Hubble-flow SN Ia.

and we fix q0 = �0.55 and j0 = 1. We have also explored
the dynamic parametrisation of the luminosity distance in a flat,
⌦M +⌦⇤ = 1, Universe (see, e.g., Jha et al. 2007),

dL(z) =
c(1 + z)

H0

Z
z

0

h
⌦M(1 + z

0)3 +⌦⇤
i�1/2

dz
0. (4)

Because our Hubble-flow sample is at quite low redshift, we find
no significant di↵erences in our results with either approach,
nor when varying cosmological parameters within their obser-
vational limits.

In estimating H0 from SN Ia it is traditional to rewrite
Eqs. (2) and (3) as

log H0 =
MJ + 5aJ + 25

5
, (5)

where MJ is constrained by the calibrator sample, and aJ is the
“intercept of the ridge line” that can be determined separately
from the Hubble-flow sample. Ignoring higher order terms, the
intercept is given by

aJ = log cz+log
2
666641 +

(1 � q0)z
2

�
(1 � q0 � 3q

2
0 + j0)z2

6

3
77775�0.2mJ .

(6)

We vary the traditional analysis slightly to account for the neces-
sary intrinsic scatter parameter, �int, that we interpret as super-
nova to supernova variance in the peak J luminosity. We intro-
duce �int as a nuisance parameter that is to be constrained by the

data and marginalized over. We assume that the intrinsic scatter
is a property of the supernovae, independent of whether an ob-
ject is in the calibrator sample or the Hubble-flow sample (and
test this assumption in Sect. 4.2). In this case the full uncertainty
for a given calibrator object i is

�2
M,i = �

2
fit,i + �

2
Ceph,i + �

2
int (7)

and the total uncertainty for a Hubble-flow object k is

�2
m,k = �

2
fit,k + �

2
z,mag,k + �

2
pec,mag,k + �

2
int. (8)

Because the same intrinsic scatter a↵ects the relative weights of
both calibrator and Hubble-flow objects, we cannot solve for MJ

and aJ independently. Instead we fit a joint Bayesian model to
the combined data set, with MCMC sampling of the posterior
distribution using the emcee package (Foreman-Mackey et al.
2013a,b). In principle we have four fit parameters: MJ , aJ , �int,
and H0, but we can simplify this to just three using Eq. (5). We
choose H0, MJ , and �int as our parameterisation, and simply cal-
culate aJ for each MCMC sample given H0 and MJ . The results
would be identical if we had fit for aJ and calculated H0. For
convenience, rather than aJ , we tabulate �5aJ which can be ex-
pressed in units of magnitudes and interpreted in the same sense
as the Hubble-flow peak magnitudes mJ . In our Bayesian anal-
ysis we take uninformative priors: uniform on H0 > 0 and MJ ,
and scale-free on �int > 0, with p(�int) = 1/�int. Our full analy-
sis code, including notebooks that produce Figs. 1–4, is available
online3.

4. Results

Our fiducial sample consists of the 9 calibrator SN Ia and
27 Hubble-flow SN Ia (i.e., excluding the three fast-declining
outliers). We use the NED redshifts and uncertainties (Cols. 3
and 4 of Table 2) for the Hubble-flow objects. The results
from 2 ⇥ 105 posterior samples of our model are shown in
Fig. 4 and tabulated in Table 4. We find a sample median
H0 = 72.78+1.60

�1.57 km s�1 Mpc�1, where the uncertainty is statis-
tical only, and is measured down (up) to the 16th (84th) per-
centile4. The 2.2% statistical uncertainty is impressive given the
small sample size. The results show that the median calibrator
peak magnitude (MJ = �18.524 ± 0.041) contributes approxi-
mately 2% uncertainty to H0 , whereas the Hubble flow sample
contributes about 1% (�5aJ = �2.834±0.023 mag), in line with
the numbers of supernovae in each category.

We also see the intrinsic scatter parameter is estimated
clearly to be non-zero: �int = 0.096+0.018

�0.016. This has the e↵ect of
increasing the uncertainties in the other parameters, for instance,
roughly doubling the uncertainty on the peak absolute magni-
tude MJ compared to the straight weighted mean calculated in
Sect. 3. Though our analysis method was developed to allow the
intrinsic scatter parameter to connect to both the calibrator and
Hubble-flow samples, we further see in Fig. 4 that MJ and �5aJ

do not have much correlation, reflecting the fact they are largely
being constrained separately by the calibrators and Hubble-flow
objects, respectively.

4.1. SN sample choices

To explore the sensitivity of our derived H0 , in Table 4 we
present a number of di↵erent sample choices. First, we find
3 https://github.com/sdhawan21/irh0
4 As seen in Fig. 4, the marginal distributions are largely symmetric,
so using the medians or means give similar results.
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consistent with SH0ES results 

[using same HST Cepheid distances]


updated in Galbany et al. (2022): 
 


Dhawan et al. (2023) opt+NIR: 




H0 tension does not result from a 
wavelength-dependent systematic 

uncertainty in the SN Ia 

H0 = 72.8 ± 3.1 km s−1 Mpc−1

H0 = 72.9 ± 1.9 km s−1 Mpc−1

H0 = 74.8 ± 1.3 km s−1 Mpc−1

A&A 609, A72 (2018)

Fig. 1. The peak J absolute magnitude distribution for the calibrator
SN Ia sample, based on the Cepheid distances of Riess et al. (2016). The
data have been corrected for Milky Way extinction and K-corrections,
but no further light curve shape or colour correction is applied.

match colours, otherwise we use J, H, and K filters. The for-
mer approach is more reliable, as pointed out by Boldt et al.
(2014); nonetheless these di↵erences are small for SNe in our
sample (.0.01 mag). For four objects (SN 2005eq, SN 2006lf,
PTF10mwb, and PTF10ufj), the default Gaussian process co-
variance function parameters do not produce a satisfactory fit.
For these objects, we reduce the scale and increase the ampli-
tude of the covariance function (the parameters are specified in
the fitting module code). Our final results are listed in Table 2.

We retrieved CMB-frame redshifts for the Hubble-flow host
galaxies from NED2. These are largely consistent with values
previously reported in the literature, except for NGC 2930, host
of SN 2005M, which has a previously erroneous redshift now
corrected in NED. Four of our Hubble-flow host galaxies are
cluster members: for these we take the cosmological redshift as
the cluster redshift reported in NED rather than the specific host
galaxy redshift to avoid large peculiar velocities from the cluster
velocity dispersion. These objects are noted in Table 2. Follow-
ing the analysis of Riess et al. (2016), we also tabulate redshifts
corrected for coherent flows derived from a model based on visi-
ble large scale structure (Carrick et al. 2015). Along with the re-
ported redshift uncertainties �z, we adopt an additional peculiar
velocity uncertainty of �pec = 150 km s�1 (for all SNe except
PTF10ufj the redshift uncertainty is sub-dominant compared to
the peculiar velocity uncertainty).

The high precision of modern SN Ia H0 measurements
(Riess et al. 2009, 2011, 2016) is due in part to selecting an
“ideal” set of calibrator SN Ia, with low extinction and typical
light curve shapes. The Hubble-flow SN Ia are a much more het-
erogeneous set than these ideal calibrators. Given that we are
not applying colour or light curve shape corrections and treat-
ing the SN Ia as standard candles in their peak J magnitude, it
is important to ensure that our Hubble-flow objects are on the
whole similar to the calibrators. In Fig. 2, we plot the Hubble-
flow Hubble diagram residuals and calibrator absolute magni-
tudes on the same scale, as a function of host-galaxy morphol-
ogy and two parameters estimated from the optical light curves
of these SN Ia: host galaxy reddening E(B � V) and light-curve
decline rate �m15(B) (Phillips 1993; Hamuy et al. 1996). These
quantities are taken from the literature and tabulated in Table 3;
we have not attempted to derive them in a uniform way. Rather,

2 http://ned.ipac.caltech.edu

Fig. 2. A comparison of the calibrator and Hubble-flow samples in
host-galaxy morphology, host-galaxy reddening, and optical light-curve
decline rate. Blue circles show the Hubble-flow sample J-band Hub-

ble-diagram residuals (left axis), while red squares show the calibrator
absolute J magnitudes (right axis). The open circles indicate three fast-
declining SN Ia that are excluded from our fiducial sample as outliers.
These plots are used to define sample cuts only. Distances are based on
the J-band photometry alone, with no corrections from these diagnostic
parameters.

we are interested in comparing the Hubble-flow and calibrator
SN Ia to suggest sample cuts. Beyond that, we do not use the
optical photometry in any way in our results.

Figure 2 shows that the Hubble-flow SN Ia span a broader
range of the displayed diagnostic parameters than the calibra-
tors. This is to be expected. For example, the calibrator galax-
ies are chosen to host Cepheids, excluding early-type galaxies.
Similarly the “ideal” calibrators have low host reddening and
normal decline rates. Nonetheless, the visual impression from
Fig. 2 is that the broader Hubble-flow sample does not show
obvious trends with the parameters, except for the three fast-
declining (�m15(B) > 1.7) SN Ia, which are clear outliers (open
circles). Indeed, Krisciunas et al. (2009), Kattner et al. (2012),
and Dhawan et al. (2017b) have demonstrated that the NIR ab-
solute magnitudes of fast-declining SN Ia diverge considerably
from their more normal counterparts (similar to the behaviour
in optical bands). We define a fiducial sample for analysis ex-
cluding these three SN Ia, and explore further sample cuts in
Sect. 4.1.
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12/18/25 Cosmic Lighthouses 2025 18

F125W (J band) scatter < 0.1 mag. Intrinsic scatter of J band improved by ~0.05 mag 

J

Larison et al. (in prep)

space-based calibration of NIR SN Ia

application to H0, but also dark energy with, e.g., Roman

12/18/25 Cosmic Lighthouses 2025 7

SIRAH
• Two cycle HST program 

that observed 26 SNe Ia 
in the NIR

• Five photometric bands: 
F098M, F105W (Y), 
F125W (J), F140W, and 
F160W (H), two 
epochs/target

• Parallel observations with 
slitless spectroscopy in 
the G102 and G141 
grisms

• 5 SNe Ia in potential 
Cepheid-calibrator hosts

• 21 SNe Ia in the smooth 
Hubble flow

Survey Overview and Design: Jha et al. (in prep.)
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from Hubble to JWST good consistency between JWST and HST distances 
(independent of supernovae, testing 2nd rung) 


JWST sample is smaller than HST: less precise H0

Riess et al. (2024)

Context for Comparing JWST and HST 15

Figure 6. Distribution of H0 values for each calibrator SN Ia as calibrated by HST Cepheids (left panel). The mean of the
complete set of 42, in blue, results in H0 = 73 km s�1 Mpc�1, and the standard deviation is a result of SN Ia dispersion with �
of 6% in distance. We show the subsample selected by the CCHP (10 hosts of 11 SNe Ia) and after their exclusion of 3 hosts for
JAGB measurements. The remaining set of 8 SNe Ia used for JAGB, in red, are biased low with respect to the mean, with HST
Cepheids expecting H0 = 70.5 km s�1 Mpc�1 for this set. Selecting every unique combination of 8 SNe Ia from the original 42
shows the selected JAGB sample to be unusual, both low in H0 (middle panel, only 5% are lower) and with little variation in H0

(right panel, only 5% are lower), with < 0.1% of samples both lower and tighter. This selection is the primary reason for the low
value of H0 from CCHP JAGB, not from a di↵erence in measured distances.

For the merged D  25 Mpc sample of 16 SNe Ia, we find from JWST Cepheids H0 = 73.4 ± 2.0 km s�1 Mpc�1,
similar to the HST result from this same sample. The joint sample of JWST JAGB and TRGB measurements yield
H0 = 72.2± 2.3 km s�1 Mpc�1 and H0 = 72.1± 2.3 km s�1 Mpc�1, respectively. The HST Cepheid expectation for the
JAGB H0 is somewhat smaller at 72.4 km s�1 Mpc�1 due to the exclusion of several hosts in L24. Finally, we can
combine all three methods, which yields H0 = 72.6± 2.0 km s�1 Mpc�1, in good agreement with the value expected
from HST Cepheids for the same sample of H0 = 72.7± 2.0 km s�1 Mpc�1. The uncertainties for this combination are
explained in Table 3. When we compare the HST predicted values of H0 to those found with JWST measurements,
we find the values inferred using JWST are consistent with expectations for every subsample. We can see that the
measured values are at or within 1� of these smaller uncertainties, i.e., between HST and JWST excluding SNe, for
each comparison set.
For the merged sample, the averaging of distance methods occurs before the use of SN data to avoid double-counting5.

It is interesting to examine the much larger sample of all SN Ia hosts observed to date with JWST which includes 24 of
the 42 HST SNe Ia. The full SN sample with JWST observations (to date) is highly representative of the HST SN
sample as shown in Fig. 6 in terms of expected H0 and variance with little sample bias. When increasing the number of
SN hosts, we can see from the widths of the middle panels in Fig. 6 how the second-rung uncertainty from SNe will
decrease. The impact of selection when comparing HST and JWST will diminish with the growing samples.

5
The small quoted errors of ±1 for H0 in F24 via their Bayesian route appear to be a consequence of directly multiplying the H0 likelihood

for each method. Since each method calibrates the very same set of SNe, this treats 10 SNe Ia as equivalent to the statistical power of 30

and therefore underestimates the uncertainty in H0 by ⇠
p
3. See Appendix B for further discussion.

Context for Comparing JWST and HST 5

Figure 2. Mean di↵erences of SN Ia host distance moduli calibrated by NGC4258 as measured with di↵erent telescopes or
methods. HST Cepheids are all observed by HST and analyzed by R22 and Riess et al. (2024); see Table A1 with the mean
results given in Table 2. JWST (and specific HST) results can be found either in R24 (corresponding to SH0ES-selected) or
F24 (corresponding to CCHP-selected) and computed here from the distances table, Table A2. All measures are in good, ⇠1�
agreement. The largest uncertainties in these comparisons arise from the individual measurements in NGC4258 and the mean
measures of the SN Ia hosts as given in Table 1.

favored those with the largest numbers of Cepheids and SNe Ia per host. GO–1995 (Freedman et al. 2021; CCHP)
observed 10 hosts of 11 SNe Ia in one epoch and NIRCAM filters F115W and F444W (part way changing F444W
to F356W ) to measure Cepheids, the NIR-TRGB, and carbon stars. Their choice of hosts favored suitability for the
three chosen distance indicators in all hosts, resulting in targets at D  25 Mpc. Their most distant galaxy, NGC4639
(µ = 31.823 ± 0.091 in R22 or Table 7), is consistent with the high end of this range. One host (of two SNe Ia),
NGC5643, was selected by both programs. Cycle 1 program GO-2581 (Chandar et al. 2021) serendipitously observed
one R22 host, NGC4038, where we recovered 22 Cepheids in the same filter F150W used to measure Cepheid distances
in the SH0ES baseline. An early Cycle 2 program GO–4087 (Huang et al. 2023) observed 90 Cepheids in the SH0ES
host M101 with the same F150W filter. We will consider these two hosts (NGC4038 and M101, both also present in
the CCHP selected sample) here as part of a JWST SH0ES selected/system sample because they can be measured
with the exact same NIRCAM F150W system as the others. A JWST Cycle 2 program, GO-2875 (Riess et al. 2023a;
SH0ES) has observed another 5 hosts of 7 SNe Ia. One of these, NGC3447, is at D  25 Mpc based on HST Cepheid

16 Riess et al.

4. DISCUSSION

A complete JWST ladder, still “under construction,” is necessarily weaker than the one built by HST over decades as
it is limited to a single anchor rather than 4 (Breuval et al. 2024), resulting in less precision, loss of redundancy, and
a reduction in resolution of the tension at inception. Limiting the HST ladder to the same single anchor as JWST,
NGC4258, results in H0 = 72.5± 1.5 km s�1 Mpc�1 (R22), a reduction of the tension to 3� before any comparison
with JWST. Limiting to one anchor and the 17 SNe Ia at D < 25 Mpc trivially further reduces the significance of the
tension, H0 = 72.3± 1.8 km s�1 Mpc�1, but only masks the tension rather than o↵ering any explanation. The situation
is illustrated in Fig. 7. While JWST is enormously powerful for checking HST distances, it only weakly constrains the
tension due to its lack of statistics from SNe and anchors.
Simply summarized, JWST o↵ers the means to test HST on the second rung, but given their demonstrated consistency,

there is no reason not to use the full HST ladder — its SN sample is complete, it has superior statistics, and it uses
multiple, redundant anchors to measure H0. However, the expanding JWST sample will gradually remedy the disparity.
We show here that a combination of all JWST subsamples is already nearly complete to D  25 Mpc, reaches 40% of
the HST SN sample, and reduces the a priori bias, an expected consequence of reversion to the mean of larger samples.
Finally, we remark that the present circumstance is not unusual in observational cosmology; a comparable situation

was seen for CMB measurements. The South Pole Telescope (SPT) has measured CMB fluctuations on finer angular
scales than Planck but over smaller patches of the sky, including 2500 square degrees in the initial SPT-SZ survey
(Story et al. 2013), and 500 square degrees for the SPTpol survey (Henning et al. 2018). Fitting the ⇤CDM model to
these data sets the SPT team found H0 = 75.0± 3.5 and 71.3± 2.1 km s�1 Mpc�1, respectively, higher than the Planck

constraints and in good agreement with the SH0ES distance ladder. However, where the SPT and Planck measurements

Figure 7. Comparisons of H0 between HST Cepheids and other subsamples of JWST Cepheids and anchors.



astrophysical systematics: SN Ia standardized luminosity & host galaxy
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(a) (b)

Figure 5. Trends in MLCS17 and SALT2 Hubble residual with host stellar mass (log M > 9.5). SNe with more massive hosts have Hubble residuals that are more
negative in the cases of (a) MLCS17 and (b) SALT2, consistent with the trend evident in Figure 4. Host stellar masses were measured using fits to ugriz photometry
with the PEGASE2 stellar population synthesis templates. The weighted averages of two bins separated by their masses yield a magnitude difference of 0.11 (2.3σ ;
58) for MLCS17 and 0.11 (2.5σ ; 60) for SALT2. When we fit for the trend with host stellar mass (α) while holding β = γ = 0, only 0.2% (2.8σ ; 58) of slopes drawn
from an MCMC analysis are greater than zero for MLCS17 and 0.4% (3.0σ ; 60) for SALT2. In parentheses is the significance of a non-zero slope followed by the
number of SNe included in the fit. The upper panels plot the posterior slope distributions.
(A color version of this figure is available in the online journal.)

Table 9
Improvement in the Standard Deviation of Hubble Residuals after Subtracting Host-dependent Trend

Sample MLCS17 MLCS31 SALT SALT2

90% radius 0.193\0.184 0.222\0.210 0.168\0.156 0.185\0.175
90% radius (<30 kpc) 0.191\0.185 0.219\0.212 0.161\0.157 0.182\0.177
log M 0.193\0.182 0.222\0.208 0.168\0.167 0.185\0.178
log M (>9.5; GALEX, Neill 09) 0.159\0.143 0.192\0.180 0.174\0.159 0.163\0.150
log M (GALEX, Neill 09) 0.181\0.151 0.213\0.187 0.174\0.158 0.184\0.158

Notes. The first value is the standard deviation in magnitudes before, and the second value is the standard deviation in magnitudes after
subtracting the trend with host property, α × (host property), determined from fits where we hold β = γ = 0.

Table 10
Improvement in the Standard Deviation of Hubble Residuals after Subtracting Host-dependent Trend from Simultaneous Fit

Sample MLCS17 MLCS31 SALT SALT2

90% radius 0.193\0.184 0.222\0.210 0.168\0.156 0.185\0.175
90% radius (<30 kpc) 0.191\0.185 0.219\0.212 0.161\0.157 0.182\0.177
log M 0.193\0.183 0.222\0.211 0.168\0.168 0.185\0.180
log M (>9.5; GALEX, Neill 09) 0.159\0.142 0.192\0.180 0.174\0.158 0.163\0.150
log M (GALEX, Neill 09) 0.181\0.151 0.213\0.188 0.174\0.158 0.184\0.158

Notes. First value is the standard deviation in magnitudes before, and the second value is the standard deviation in magnitudes after subtracting
the trend with host property, α × (host property), but not the trends with light curve properties (β,γ ). Here the trend with host property (α) is
determined in fits where we simultaneously fit for trends with light curve parameters (β,γ ).

6.5.1. Neill et al. (2009) Masses

We now repeat the analyses using stellar mass estimates
from Neill et al. (2009), which were fitted using GALEX
UV measurements in addition to SDSS u′g′r ′i ′z′ magnitudes.
Because each Neill et al. (2009) host galaxy is required to
have UV as well as optical measurements, Neill et al. (2009)
measured masses for only 49 of the 70 SNe in our sample
with MLCS17 AV < 0.5. Fitting only for a trend in Hubble
residuals with host galaxy mass (α) while holding β = γ =
0, the significance of a non-zero slope (α) ranges from 2.3σ
to 2.7σ depending on the light curve fitter. The significance of

a difference between the bins’ weighted averages ranges from
1.8σ to 3.2σ among the light curve fitters.

Simultaneously fitting for and marginalizing over linear
trends (β,γ ) with light curve parameters, the significance of
a non-zero slope (α) is 1.9σ for all light curve fitters. The
joint posterior probability distributions do not reveal strong
degeneracies between the fit coefficients. Removing the best-
fitting trends with light curve parameters (β,γ ) from the Hubble
residuals after the simultaneous fit, a 1.6σ–2.5σ (2.1σ–2.5σ
without SALT2) difference between the bin weighted averages
remains.

Kelly et al. (2010)

step: 0.090 ± 0.045 mag

SN Ia luminosity and other 
properties vary 

systematically with host 
galaxy properties

modest (< 1%) effect on H0 
but could be more 

substantial at high-redshift 
for dark energy

see also N. Sarin talk  
from Tuesday

Jones et al. (2018)
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vSi and host-galaxy stellar mass with SN Ia SALT2 x1 and c.
Without any cosmological cuts on light-curve parameters, we
have 87 W09/FK11 objects, 72 CSP objects, and 61
Foundation objects. We find these light-curve parameters are
largely agnostic to velocity, but stronger trends are present
relative to the host-galaxy mass. Analogous to the way faster-
declining SNe Ia are found preferentially in early-type host
galaxies (e.g., Hamuy et al. 1995, 1996a, 1996b, 2000), our
results are consistent with previous studies showing these fast
decliners are also in higher-mass host galaxies (e.g., Neill et al.
2009; Uddin et al. 2017). Similarly, we see bluer SNe Ia in
lower-mass host galaxies, confirming the results of, e.g.,
Sullivan et al. (2010). These results are also largely consistent
with the findings of Wang et al. (2013), who examined the
local environment around the SN positions. Finally we note the
presence in the Foundation sample of a “tail” of objects with
blue colors, x1≈+1, and normal vSi, all from low-stellar-mass
host galaxies. Brout & Scolnic (2021) demonstrate that this
quite homogeneous population from low-mass host galaxies
also shows low dispersion on the Hubble diagram.

4.5. Color Offsets in Subsamples

We note that there are also differences in the distributions of
the parameters shown in Figure 8 that depend on the survey.
The bias of targeted surveys toward higher-mass host galaxies
leads to an over-representation of fast-declining (low x1) SNe.
This is evident in the high-x1 tail that has been seen in the
Foundation data (Foley et al. 2018), but perhaps even more

striking is the total absence of any SNe with x1> 1 in the W09/
FK11 sample. Foundation also stands out from either W09/
FK11 or CSP with a distribution skewed to lower c values.
Performing an Anderson−Darling test on the c distributions of
each sample shows that Foundation is inconsistent with CSP
(p= 0.02) and W09/FK11 (p= 0.01).
The connections between SN Ia properties, their environ-

ments, and observational selection play an important role in our
results. Here we circle back to one of the driving questions of
our analysis: how do these affect the potential color offset
between high- and normal-velocity SNe Ia? In Figure 9 we
show cumulative distribution functions (CDFs) as a function of
color for the three samples we analyze, split on velocity. There
are the same number of objects in each of these CDFs as in
Figure 3. FK11 used such an analysis to support the hypothesis
of a color offset; indeed in the upper right panel we see a
similar result to what they found: the color distribution of high-
velocity objects has a similar shape to the normal-velocity
objects, just shifted to a redder color.
For the CSP objects, however, the shape of the CDF is

different: a redder color offset for high-velocity SNe Ia is only
clearly seen in the bluer part of the high-velocity distribution
and there are more redder normal-velocity objects than
in W09/FK11. The Foundation sample CDF looks different
than either CSP or W09/FK11, with nearly identical colors
among bluer objects, but with an indication of redder high-
velocity objects at the reddest colors. The CSP and Foundation
samples suggest that associating the differences between

Figure 7. Host-galaxy stellar mass vs. measured Si II velocity at maximum (vSi) for each object in our sample (colored and labeled by subsample) along with a large
comparison sample (gray) from Pan et al. (2015) and Pan (2020). The Foundation (blue) points marked with a square did not have previously reported host masses and
were determined using SDSS photometry and Taylor et al. (2011, Equation (8)). Foundation (blue) points marked with a triangle are extremely low-stellar-mass host
galaxies, for which we only estimate an upper limit, ( )M Mlog 7.0*  . Uncertainties shown for the host-galaxy stellar masses in our sample were taken as the
standard deviation of masses from the literature if there was more than one measurement for a given galaxy. If only one measurement was available, we assigned an
uncertainty equal to the median uncertainty of the other hosts. The dotted line shows our boundary between high- and normal-velocity SNe. Adjacent histograms show
the relative distribution of masses or velocities for each subsample. There is a strong indication that higher-velocity SN Ia inhabit higher-stellar-mass host galaxies, and
nearly all SNe Ia in low-mass host galaxies have normal explosion velocity.

20

The Astrophysical Journal, 923:267 (29pp), 2021 December 20 Dettman et al.

Dettman et al. (2021)

Larison et al. (2024)



SN Ia properties: correlation with large-scale environment
a strong excess of fast-declining ZTF SN Ia in the center of low-redshift x-ray selected galaxy clusters 
seen also in larger ZTF sample of Ruppin et al. (2025), but weaker at higher-redshift (Toy et al. 2023)
an age effect? cosmological implications (Rigault et al. 2020, Nicolas et al. 2021, Wotjak et al. 2023)

fast slow

Larison et al. (2024)

good agreement with 
 Ginolin et al. (2025)



SN Ia standardization: non-linear x1 correction
light-curve decline (also Si velocity) is an intrinsic property of the SN Ia
so trends and environmental correlations point to progenitors+explosions

The x1 distributions of the inner cluster and outer cluster
samples are clearly bimodal (Figure 5), and this bimodality is
also strongly suggested in the field quiescent population.
Recently, Wojtak et al. (2023) used a hierarchical Bayesian
model to similarly identify two populations of SNe Ia in the
parameter space of (x1, c, mB−μ). As in our analysis, they find
the greatest separation between the two populations in the x1
distributions and also note the correlation with host-galaxy
properties. In their model the two populations furthermore have
slightly different color (c) distributions, interpreted as arising
from different intrinsic colors and dust reddening. We do not
find conclusive evidence for differences in the c distributions
among our samples (Figure 3), but this should be explored
further, especially as our cluster (and even field quiescent)
samples bring the two populations into much sharper relief
compared to a full sample covering all environments.

Our field quiescent x1 distribution is consistent with other
nearby samples of SNe Ia in quiescent host galaxies (Rigault
et al. 2013; Kim et al. 2019), showing similar bimodality.
Measurements at higher redshift tend to have more unimodal x1
distributions (Xavier et al. 2013; Chen et al. 2022), typically
with a higher mean x1 than we find here (though perhaps
excepting Lampeitl et al. 2010). This could be a result of
redshift evolution in quiescent galaxies and the SNe Ia they
host, but Malmquist bias may also be playing a role.

Comparing our cluster SNe Ia samples to those at higher
redshift (Xavier et al. 2013; Toy et al. 2023), we confirm the
tendency of the cluster SNe Ia to be faster evolving than their
field counterparts. We also confirm with higher statistics the
suggestions by Xavier et al. (2013) that 1. SNe Ia closer to the
cluster center have a higher fraction of fast-declining objects

than farther out, 2. cluster passive galaxies have a higher
fraction of faster-declining objects than field passive galaxies,
and 3. the fast-declining cluster SNe Ia are slightly more
extreme (even lower x1) than field quiescent SNe Ia (Table 1;
Figure 5). We caution that our study differs from the higher-
redshift examples because we are using an x-ray-selected
galaxy cluster catalog, while the high-redshift studies are
limited to use optically selected clusters. The potentially
different cluster physical environments may play a role in the
different SN Ia populations we see and may also confound
effects due to redshift evolution.
There are a few possibilities as to why SNe Ia from inner

cluster host galaxies may have different properties from SNe Ia
in the field, even restricting the samples to quiescent galaxies
only. We note that, whatever the cause, it must be intrinsic to
the SNe. Extrinsic factors like host-galaxy dust may affect the
brightness or color of the SNe Ia, but cannot alter the light
curve shape (x1) distribution to the large extent we see.
Metallicity has been suggested as a factor in SN Ia variation

(D’Andrea et al. 2011; Childress et al. 2013), and the deep
gravitational potential well at the centers of galaxy clusters
should retain metals better than field quiescent galaxies.
However, studies of low-redshift cluster galaxies show they
are only slightly more metal-rich (0.05 dex) than field
counterparts (Ellison et al. 2009; Lara-López et al. 2022).
Observations of the intracluster medium do show a metal
enhancement near low-z cluster centers (Lovisari & Rei-
prich 2019), but the metals escape the galaxies (and subsequent
generations of stars) similarly to field quiescent galaxies. It is
unlikely, then, that differences in progenitor stellar metallicities
are driving the differences seen in our cluster SNe Ia.

Figure 11. Color-corrected absolute magnitudes of field quiescent, field star-forming, inner cluster quiescent, and inner cluster star-forming host SNe Ia vs. x1. The
black lines show weighted linear regression fits to the slower-declining (x1> −1) and faster-declining (x1< −1) SNe Ia from the four samples above. Confirming the
result of Garnavich et al. (2023), there is a clear steepening in the slope, representing the parameter α, toward faster-declining SNe Ia. On the right, we show the same
plot but for three increasing host stellar mass bins. We find this steepening in α to be consistent across all three mass bins.
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stretch. A complementary approach used here is to isolate
Hubble flow SNe that share characteristics of SNe Ia in SBF
calibrators and to refit the linear Tripp parameters.

3.4. The Hubble Constant

The previous sections show that SN Ia events in Cepheid-
calibrated hosts and SBF-calibrated hosts are very different in

their properties. While their colors near maximum have similar
distributions (see Figure 2), SNe Ia in Cepheid-calibrated hosts
tend to be slow decliners in low-mass hosts while SNe Ia in
SBF-calibrated hosts tend to be fast decliners in high-mass
hosts. To understand the impact on H0 that may result from
calibrating the Hubble flow with SNe and hosts that possess
strongly divergent properties, we will first estimate H0 based on
the full Hubble flow sample and then by dividing the Hubble

Figure 5. The SN Ia peak luminosities vs. SALT2 stretch parameters (aka the Phillips diagram) showing the SNe Ia in the SBF calibrators (red), Cepheid calibrators
(blue), and in the Hubble flow sample (gray). For clarity, the right panel is a copy of the left panel without the Hubble flow SNe plotted. For the Hubble flow sample
(gray points), the SN Ia peak luminosities have been corrected for SALT2 color and distances calculated from the CMB-frame redshifts with an assumed H0 = 73
km s−1 Mpc−1. No Pantheon+ bias corrections have been included in the plotted absolute magnitudes. SBF distances and Cepheid distances are used to calculate the
luminosities of the SBF-calibrated (red) and Cepheid-calibrated (blue) SNe Ia, respectively. The SNe Ia host-galaxy masses are indicated by the size of the points. The
best-fit relation between MB and x1 for events with x1 > −1.0 is shown as the solid blue line. The dashed red line is the same but for x1 < −1.0. The difference
suggests that the luminosity correction for the SALT2 stretch parameter is nonlinear.

Figure 6. The Phillips relation divided into host stellar mass bins. In this figure, the sizes of the circles represent the SALT2 color of the SNe Ia at peak. No Pantheon+
bias corrections have been included in the plotted absolute magnitudes. The solid blue line in all the panels shows the best fit to all SNe Ia with x1 > −1 as calculated
for Figure 5. The blue points show the SNe Ia in the Cepheid-calibrated hosts and the red points are the SNe Ia in the SBF-calibrated hosts. Left: the Phillips relation
for SNe Ia in low-mass hosts. The red dashed line is a fit to the points with x1 < −1 and the slope is similar to that of the slow decliners. Center: the Phillips relation
again, but for intermediate-mass hosts. Note that SNe Ia with x1 > –1 generally sit above the blue line, indicating the “mass step” has been crossed. The shift in
luminosity between the left and center panels for x1 > −1 is 0.10 mag. For SNe Ia with x1 < −1, the slope has steepened slightly from the left panel at 0.16–0.21 for
the intermediate masses. Right: the Phillips relation for very-high-mass hosts. Note that there are very few slow decliners for this mass range. For x1 < −1, the best-fit
slope further steepens to α = 0.31.
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Fig.8.StandardisedHubbleresiduals(↵=0)asa
functionofstretch(x1).Largebluepointsshowthedata
binnedbystretch(mean)whiletheredhexagonsshow
thebinnedstretchforSNeIafromlocallyredenviron-
ments.Theerrorbarsonthebinnedpointsonlydisplay
theerroronthemean,butareferenceforthefittedintrin-
sicscatter�intisplottedinthetop-rightcorner.The
bluelineshowsthebestfittedbroken-↵model,while
thedashedgreylineshowsthebest↵whenassuming
thelinearTripprelation.

Theseo↵setsbetweenSNenvironments,akasteps,arerep-
resentedbythe�terminEq.(5)andcomputedsimultane-
ouslywiththeotherstandardisationparameters.Weillustrate
inFig.9thelocalcolourstep,manuallysetting�=0to
getHubbleresidualsuncorrectedforenvironment.Thisfigure
clearlydemonstratestheexistenceofastrophysicalbiasesa↵ect-
ingstretchandcolourstandardisedSNIamagnitudes.Indeed,
SNeIainlocallyblueenvironmentsaresignificantlyfainter
(�=0.143±0.025mag)thanthosefromlocallyredenviron-
ments.Accountingforthenon-linearityofthestretch-residuals
relation,wefind�=0.175±0.010mag.

Nonetheless,theactualoriginoftheobservedastrophys-
icalbiasisstillhighlydebated,andBrout&Scolnic(2021),
Popovicetal.(2021)suggestthatthemasssteporiginatesfrom
di↵erentdustspropertiesfordi↵erentenvironments(seefur-
therdiscussioninKelseyetal.2023;Wisemanetal.2022).
ModellingdustwithBayeSN(Thorpetal.2021;Mandeletal.
2022),Graylingetal.(2024)findanintrinsicmassstepof
�0.049±0.016mag.Finally,Smithetal.(2020)showthatselec-
tionfunctioncorrectionsinaccuracya↵ectstheabilitytomea-
sureenvironmentalbiases,sinceallparametersarecorrelated
(e.g.stretch,colour,hostmass,localcolour).Thestrengthofour
volume-limiteddatasetisthatwearefreefromsuchselection
issues.

Thefactthatthesteps,derivedfromalow-redshiftvolume-
limiteddataset,arefoundtobesignificantlylargerthanthose
fromhigher-redshiftsamplesmaybeduetotwothings.First,
theamplitudeofthemassstepmaydecreasewithredshift
(Rigaultetal.2013,2020;Childressetal.2014).Second,asthe
e↵ectofselectionfunctionandthedependenciesofSNeIawith
theirastrophysicalenvironmentareintertwined,biascorrections,
whicharenecessaryathigh-redshift,mighta↵ectthederivation
ofthestep.Wenotethattheamplitudeofourstepiscompati-
blewiththevaluefoundbyRigaultetal.(2020)usinganother
low-redshift,volume-limitedsample(SNfactory,Alderingetal.
2002).

Theamplitudeofthestepisconnectedtotheabilityto
accuratelyperformstretchandcolourstandardisation,sinceSN
stretch(mostly)andcolourarecorrelatedwithenvironmen-
talparameters(seeFig.2forthestretch-localcolourconnec-
tion).Hence,asalreadydiscussedinSmithetal.(2020),Dixon
(2021),Bridayetal.(2021),whenfittingfirstfor↵and�,and
thenfor�(ase.g.inKimetal.2019forarecentexample),
thecolourandstretchstandardisationwillabsorbpartofthe

(ignored)astrophysicalbiases,thusbiasingallterms(↵,�and
�;see,e.g.discussioninRigaultetal.2020;Smithetal.2020;
Dixon2021;Bridayetal.2021).Such‘aposteriori’measure-
mentscanthenonlyunderestimatethestep.

Thebestfitted�parametersarepresentedinFig.10and
reportedinTable4.Forcomparison,thefigurealsoincludes
the‘aposteriori’stepresults,aswellasthe�M0o↵setacquired
whenapplyingaper-environmentstandardisationandthesteps
obtainedusingabroken-↵relation(seeSect.4.5).

Allofmagnitudeo↵setsinTable4aresignificantlynon-
zeroatthe�5�level.WhenusingtheusualTripp(1998)lin-
earstandardisationformalism,thestrongestoneistheglobal
massstepwith�=0.145±0.021mag(6.8�).Thelocal
colourstepisatasimilarlevel,inagreementwithRomanetal.
(2018),Kelseyetal.(2021),andBridayetal.(2021).The
amplitudeoftheglobalmassstepisconsistentwithfindings
reportedinSNfactory(Rigaultetal.2020),buthigherthanthe
stepsreportedinSDSS/SNLS(Romanetal.2018)andDESY3
(Kelseyetal.2021).

Asexpected,Fig.10showsthattheenvironmentalsteps
derivedafterstandardisationaresignificantlybiasedtowards
smallervalues,withareductionof⇠0.05mag.Whencompar-
ingtheamplitudeofmagnitudeo↵setswhenthestandardisa-
tionismadeindependentlyforthetwoenvironments,allsteps
remainstronglysignificant(>5�level),demonstratingthatenvi-
ronmentalinhomogeneityofthestandardisationprocedureis
notresponsibleforSNmagnitudebiases,asalreadysuggested
inSect.4.4.Furthermore,accountingforthenon-linearityof
thestretch-magnituderelation(seeSect.4.5)slightlyincreases
theamplitudeofalltheenvironmentalstepsandreducethe
parametererrors,seeFig.10.Thisistobeexpectedifindeed
thenon-linearityistrue,sincethefittedmodelismorerepre-
sentativeofthedata,andthusallparametersarebettermea-
sured.Thisalsodemonstratesthattheexistenceoftwostretch
modeshavingeachtheirown↵termisnotresponsibleforthe
environmentalmagnitudeo↵sets.Altogether,localtracersper-
formslightlybetterthanglobaloneswhenusingthebroken-↵
standardisation.

Toensurethatthediscrepanciesbetweenthestepvaluesare
indeedduetovariationsinthefittingprocedure,weinvestigated
thedi↵erencesbetweenthesestepfittingmethodsusingsimula-
tionsinAppendixA.3.Wereproduceboththeorderofthepoints
andthefactorbetweenthejointlyfittedstep(redpoints)andthe
aposterioristep(lightredpoints)forthelocalcolourstep.This
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SN Ia: Cepheid vs. TRGB calibration

SN Ia sample choices can make a difference

Many SN Ia calibrator galaxies with both Cepheid and TRGB distances 
same supernova data means correlations in inferred Hubble constant

Uddin et al. (2024)

Cepheid

Tip of the 
Red Giant Branch 

(TRGB)

Parallel local distance ladders enable checks on systematics in 
measurements of the Hubble Constant

Uddin et al. (2024)

Local Distance 
Ladder

Direct CMB
Measurement

Plank Collaboration et al.  (2018)

Uddin et al. (2024)
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Figure 3. Histogram of H0 from individual SN Ia, showing 35 SN Ia and the subsample of 11 SN Ia left out in Freedman et al. (2025)

(24 included in Freedman et al. (2025) shown in pink). Three Gaussians correspond to three di!erent H0 values as listed listed in Table

2: “CCHP Selected (F19/J17/F24, no 2021pit)” (left; N=24), “All (baseline) HST or JWST Galaxies Combined” (center; N=35), and

“CCHP Not Included” (right; N=11). The dashed lines correspond to the means of the Gaussians.

any systematic TRGB di!erences between NGC 4258 and SN hosts as enumerated in A24, Table 3, for a total → 1.8
km/s/Mpc.
Limiting the sample to the same N = 24 selected by the CCHP HST+JWST analysis in F25 reduces H0 to 70.7

km/s/Mpc. Limiting to this CCHP selected sample and further excluding peculiar velocity corrections yields H0=70.2
km/s/Mpc, highly similar to the value of 70.4 km/s/Mpc found by F25 (from the CSP/Snoopy SNe Ia compilation and
also excluding peculiar velocity corrections). Peterson et al. (2022) showed that peculiar velocity corrections, derived
independently of SNe Ia or any distance information, significantly reduce the SNe Ia Hubble diagram dispersion and
the overall ω2 of the fit, making a compelling case for their use. Uddin et al. (2024) found such velocity corrections
raise H0 for the CSP SN compilation by 0.55 km/sec/Mpc, so that either our study or the one from F25 yields →71
with peculiar velocity corrections for this sample of N = 24. In this case the di!erence between the use of Pantheon
+ and CSP/Snoopy compilation magnitudes produces a di!erence of → 0.2 km/s/Mpc. Similarly, Uddin et al. (2024)
found little di!erence in H0 using CSP/Snoopy magnitudes with the HST Cepheid distances instead of Pantheon +
as either yields → 73 km/sec/Mpc.
We investigate why there is a di!erence in H0 between the CCHP selected sample of 24 and the full sample of 35

SNe Ia studied here. The source is seen by considering only the 11 SN Ia not included in F25 and presented in Table 3,
which alone yield a higher H0 of 74.1 ±1.7 km/s/Mpc (statistical only). The di!erence between these two independent
subsamples of N = 24 and N = 11 is 3.4 ± 2.1 km/s/Mpc (removing common errors), a significance of 1.4 ε. The
di!erences in these sub-samples are seen in Figure 3.
The di!erences in the combined HST+JWST samples can be largely traced to those which first appeared in two

sub-samples selected for JWST follow-up. As shown in Riess et al. (2024b), the sub-samples selected for observations
with JWST produced di!erences in H0, the same or similar as seen for the same sub-samples using prior HST Cepheid
measurements. These di!erences originate from the intrinsic luminosity scatter of the SNe Ia in the samples, rather
than from di!erences in host distances as measured with either HST or JWST and with either TRGB or Cepheids.
Specifically, we find the CCHP-selected JWST sample alone yields 70.2 km/s/Mpc from the TRGB measures. The
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Figure 4. A Venn diagram of SNe Ia contained in the TRGB hosts covered by di!erent sub-samples and the H0 values inferred by each

TRGB-calibrated SNe Ia. The shade in color, from dark brown to light yellow, corresponds to lower to higher values of H0. Due to the

individual SN Ia scatter, di!erences in H0 are produced by di!erent subsamples.

SH0ES-selected JWST sample yields 73.6 km/s/Mpc from the TRGB measures. We reiterate that F25 found a
negligible weighted mean di!erence of →0.003 mag (CCHP→SH0ES) upon remeasuring a portion of the SH0ES JWST
sample that is publicly available, so that the di!erence is not due to TRGB measurement methodology. Combining
both JWST samples of 19 SNe Ia yields 72.4 km/s/Mpc, an apparent reversion to the larger-sample mean. It is
therefore not surprising that the JWST sub-sample di!erence persists in the HST+JWST sample compiled by F25
of N = 24 SNe Ia because this sample excluded the SH0ES JWST sample (with no provided reason).
We also analyze several “caveat” samples such as removing all J17 distances (as several studies have been unable

to detect the tip in these and F19 did not independently reproduce these measures), using only SNe that pass quality
cuts (QC), and removing NGC 1316 (which has the most SNe Ia, 3, of any single host). We plot the variations in H0

from Table 2 in a whisker plot in Fig. 5, noting that variants incorporating the full, available SN Ia sample yields H0

=72.1→73.3 ±1.8 km/s/Mpc. It is expected that increasing sample size naturally leads to a reversion to the mean;
conversely, this also means that smaller sample sizes of SN Ia are susceptible to increased fluctuations in H0. We
caution that when interpreting di!erent H0 values, SN Ia sample selection and the e!ects of cosmic variance should
be taken into consideration. Ideally, samples are defined by completeness criteria such as a volume limit, to guard
against bias.

Li et al. (2025)



a more independent parallel distance ladder 
a pilot study: TRGB distances to massive/quiescent SN Ia hosts

Newman et al. (2025), 
Anand et al. (2025)

A pilot program for a TRGB-based, massive/quiescent 
SN Ia host galaxy-only distance ladder

NGC 4636
The limiting step in local distance ladders

Cepheids are 
young stars 
~400 Myr

TRGB stars are 
older

4 − 12	Gyr

Late-type 
star-forming 

galaxies
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galaxies



ZTF DR2 SN Ia Hubble flow sample to match calibrators

ZTF sample from Rigault et al. (2025)

sample selection: early-type massive hosts, cuts on x1 and c to match calibrators


redo standardization for this subsample only
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Figure 9. Standardization of Hubble flow (blue squares) and calibrator (black circles) SN Ia samples versus SALT2 light-curve
decline rate (x1), SALT2 color (c), and host-galaxy stellar mass. The dark points comprise our fiducial sample, while the
low-opacity points show the full sample. The red lines show the best-fit standardization parameters (with slopes corresponding
to ω, ε, and ϑ, respectively) from the matched, fiducial sample. The full SN Ia population is clearly more heterogeneous and
leads to significantly di!erent estimates of the SN Ia standardization slopes relative to our calibrator-matched fiducial subsample.

2025). This is in accord with the steeper x1 correction
seen for fast-declining objects in other recent analyses
(P. Garnavich et al. 2023; C. Larison et al. 2024; M. Gi-
nolin et al. 2025a), and can also be seen in the top left
panel of Figure 9, where including objects with larger
x1 > 0 would push the best-fit slope shallower.
Similarly, we find ω = 2.11 ± 0.17, a somewhat

weaker color correction compared to full-sample anal-
yses (ω → 3), but consistent with SNe Ia in luminous
red galaxies at higher redshift (R. Chen et al. 2022).
Because the SALT2 approach uses a single color param-
eter that combines the e!ects of intrinsic color variations
and host-galaxy dust reddening, it is not unexpected
that our massive, quiescent host-galaxy SN Ia subsam-
ple would show di!erences here (likely with less dust and
potentially di!erent dust properties; e.g., D. Brout & D.
Scolnic 2021). The top right panel of Figure 9 suggests
that widening the color distribution of the sample would
indeed favor a steeper color correction.
The lower panel of Figure 9 explains our inclusion of

a host-galaxy mass correction. Even though we have al-

ready restricted the fiducial sample to hosts with high
stellar mass (logM→/M↑ > 10), we nevertheless find a
best-fit ε = 0.111± 0.029 mag dex↓1, inconsistent with
zero at 3.8ϑ significance. Visually, a linear correction
seems most appropriate for our restricted subsample,
though were we to expand the sample in SN light curve
properties (i.e., wider x1 or c ranges) or host-galaxy stel-
lar mass, a “step” correction might then be preferred.
We do not speculate on the cause of this host-galaxy
mass trend within our fiducial subsample; rather, we
are content that in our empirical approach, its inclusion
is preferred and slightly reduces the Hubble diagram
scatter. We further explore this correction in analysis
variants below. Understanding this issue in more detail
can be complicated, based on whether host-galaxy cor-
relations are identified after light-curve and color stan-
dardization or if they are simultaneously fit with the
supernova corrections, as we do here (M. Ginolin et al.
2025a; Y. S. Murakami & D. Scolnic 2025).
Figure 9 highlights the comparison of the calibrator

sample with the Hubble-flow objects. Choices in defin-
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Figure 8. Hubble diagram (upper panel) and residuals (lower panel) from ZTF Hubble-flow SNe Ia (M. Rigault et al. 2025)
in massive, quiescent host galaxies, with our fiducial sample cuts (0.023 < z < 0.06, →2 < x1 < 0, and →0.2 < c < +0.1) and
self-consistent SN Ia standardization. The small scatter (after exclusion of the outliers, shown with low opacity) validates the
ZTF relative photometry and our approach of identifying a homogeneous subsample of SNe Ia that are well matched to the
TRGB calibrators with similar supernova and host-galaxy properties.

remarkably small scatter 
homogeneous subsample!

Newman et al. (2025)
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Figure 10. Standardized absolute magnitudes of the calibrator SNe Ia based on TRGB distances presented here. The
right y-axis shows the implications for H0 assuming our fiducial Hubble-flow sample. SN 2007on in NGC 1404, with SALT2
x1 = →2.06± 0.04, is excluded from our fiducial sample that requires →2 < x1 < 0.

ing the fiducial sample cuts to best “match” the calibra-
tor and Hubble-flow samples are somewhat subjective,
and so we reiterate that these were made with the cos-
mological inferences blinded. Our fiducial cut on light-
curve shape, with →2 < x1 < 0 excludes the calibra-
tor SN 2007on in NGC 1404, substantially reducing the
number of fiducial calibrators from 6 to 5. We choose
the threshold x1 > →2 for two main reasons: first, the
Hubble-flow sample becomes quite sparse below x1 < →2
(Figure 9, top left) and second, this is also the ap-
proximate threshold where SALT2 light curve fits begin
to poorly di!erentiate di!erent kinds of fast-declining
SNe Ia (e.g., see Figure 4 right panel of C. R. Burns
et al. 2014). Indeed, C. Gall et al. (2018) note signif-
icant luminosity di!erences between the more extreme
SN 2007on and its “sibling” in NGC 1404, SN 2011iv,
that we retain in our calibrator sample. In our analy-
sis, SN 2007on is more clearly an outlier compared to
the other calibrators and the Hubble flow objects seen
in Figure 9. We consider analysis variants including
SN 2007on in the next section.
Our TRGB-calibrated SNe Ia, and their individual

implications for H0, are shown in Figure 10. With
SN 2007on excluded, the scatter in the calibrators (ω =

0.096 mag) is consistent with the scatter seen in the
Hubble-flow sample (Figure 8) and also consistent with
the model (including intrinsic scatter), with the calibra-
tors giving ε

2 = 4.0 for e!ectively 4 degrees of freedom
(5 calibrators minus 1 model parameter, MB , that they
constrain; the other model parameters are chiefly deter-
mined from the much larger Hubble-flow sample).
A corner plot (D. Foreman-Mackey 2016) of our full

model fit samples is shown in Figure 11. All model pa-
rameters are well constrained; when we quote point es-
timates of any of these, we use the posterior sample
medians (50th percentile) with the 16th and 84th per-
centiles defining the approximate 1ω confidence region.
The quite symmetric posterior marginal distributions
mean these estimates di!er negligibly from estimates
based on the sample means and standard deviations.
Our full model analysis code is publicly available18.
Marginalizing over all nuisance parameters, our fidu-

cial estimate of the Hubble constant using this paral-
lel distance ladder with TRGB-calibrated distances to
fast-declining SNe Ia, exclusively in massive, quiescent

18 https://github.com/mjbnewman/ETG-TRGB-SNIa

early-type TRGB calibrated SN Ia distance ladder

H0 = 75.3 ± 2.9 km s-1 Mpc-1

18

Figure 8. Hubble diagram (upper panel) and residuals (lower panel) from ZTF Hubble-flow SNe Ia (M. Rigault et al. 2025)
in massive, quiescent host galaxies, with our fiducial sample cuts (0.023 < z < 0.06, →2 < x1 < 0, and →0.2 < c < +0.1) and
self-consistent SN Ia standardization. The small scatter (after exclusion of the outliers, shown with low opacity) validates the
ZTF relative photometry and our approach of identifying a homogeneous subsample of SNe Ia that are well matched to the
TRGB calibrators with similar supernova and host-galaxy properties.

remarkably small scatter 
homogeneous subsample!

but note some systematic uncertainty from potential photometric offset 
between calibrator SN Ia and ZTF SN Ia (method proof of concept)

Newman et al. (2025)



The Future is Now: Rubin Observatory
large surveys enable homogeneous subsamples and many systematic checks (hosts, age, etc.)


p.s. have a look at the Deep Drilling Fields & new “ocean” DDF observing strategy



The Future is Soon: Rubin Observatory
templates + difference-imaging + alerts will take time to ramp up during the first year


do you want to get started earlier? want better cadence than Wide Fast Deep?

have a look at the Deep Drilling Fields & new “ocean” DDF observing strategy

Including rare high-z
transients, AGN, dust 
extinguished sources, 
and cool, red objects

Exploring the transient NIR universe

see the ROTAC final report:

https://arxiv.org/abs/2505.10574 

The Future is Soon: Nancy Grace Roman Space Telescope

slide from K. Gilbert  https://outerspace.stsci.edu/display/AAS/STScI+Town+Hall+-+June+2025,+AAS+246 

https://arxiv.org/abs/2505.10574
https://outerspace.stsci.edu/display/AAS/STScI+Town+Hall+-+June+2025,+AAS+246


SN 2021aefx JWST/MIRI image of NGC 1566 
data via JWST GO 2107 (PI: Janice Lee), processing by Judy Schmidt    


