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Abstract

We cross-check the Hubble Space Telescope (HST) Cepheid/Type Ia supernova (SN Ia) distance ladder, which
yields the most precise local H0, against early James Webb Space Telescope (JWST) subsamples (∼1/4 of the
HST sample) from SH0ES and CCHP, calibrated only with NGC 4258. We find HST Cepheid distances agree well
(∼1σ) with all combinations of methods, samples, and telescopes. The comparisons explicitly include the
measurement uncertainty of each method in NGC 4258, an oft-neglected but dominant term. Mean differences are
∼0.03 mag, far smaller than the 0.18 mag “Hubble tension.” Combining all measures produces the strongest
constraint yet on the linearity of HST Cepheid distances, 0.994±0.010, ruling out distance-dependent bias or
offset as the source of the tension at ∼7σ. However, current JWST subsamples produce large sampling differences
in H0 whose size and direction we can directly estimate from the full HST set. We show that
ΔH0∼ 2.5 km s−1 Mpc−1 between the CCHP JWST program and the full HST sample is entirely consistent
with differences in sample selection. We combine all JWST samples into a new distance-limited set of 16 SNe Ia at
D� 25Mpc. Using JWST Cepheids, JAGB, and tip of the red giant branch, we find 73.4± 2.1, 72.2± 2.2, and
72.1± 2.2 km s−1 Mpc−1, respectively. Explicitly accounting for common supernovae, the three-method JWST
result is H0= 72.6± 2.0, similar to H0= 72.8 expected from HST Cepheids in the same galaxies. The small JWST
sample trivially lowers the Hubble tension significance due to small-sample statistics and is not yet competitive
with the HST set (42 SNe Ia and 4 anchors), which yields 73.2± 0.9. Still, the joint JWST sample provides
important cross-checks that the HST data pass.

Unified Astronomy Thesaurus concepts: Hubble constant (758); James Webb Space Telescope (2291); Distance
indicators (394); Cepheid distance (217); Cosmological parameters (339)
Materials only available in the online version of record: machine-readable tables

1. Introduction

Currently, the primary route to a ∼1% local determination of
the Hubble constant (H0) comes from distance ladders
composed of three “rungs”: (1) geometric distance measure-
ments to multiple independent “anchors”; (2) primary distance
indicators (i.e., standard or standardizable luminous stars)
observed in these anchors and in the hosts of several dozen
nearby Type Ia supernovae (SNe Ia); and (3) supernovae (SNe)
observed in these local hosts and in the Hubble flow. Given
state-of-the-art measurements, the precision of this route has
been most limited by the sample size, N, of the SN Ia hosts
within the range of primary distance indicators such as Cepheid
variable stars, tip of the red giant branch (TRGB), Mira

variable stars, or C-rich asymptotic giant branch (AGB) stars,
scaling as ∼(5%–8%)/ N , where the numerator depends on
the (empirically demonstrated) quality of the SN distances. As
of 2022, the largest collection of homogeneously measured
SNe Ia (D. Brout et al. 2022; D. Scolnic et al. 2022) is complete
to D� 40Mpc or redshift z� 0.01. It consists of 42 SNe Ia in
37 host galaxies calibrated with observations of Cepheids with
the Hubble Space Telescope (HST), the heritage of more than
1000 orbits (a comparable number of hours) invested over the
last ∼20 yr (A. G. Riess et al. 2022, hereafter R22; see
Figure 1). The size of this sample reduces fluctuations in H0

due to the intrinsic dispersion of SN magnitudes to �1%. The
sample of four anchors—NGC 4258, the Milky Way (MW),
and the Large and Small Magellanic Clouds (LMC and SMC)
—all observed with HST, also reduces geometric calibration
errors to �1% (L. Breuval et al. 2024).
However, the “Hubble tension,” a decade-long discrepancy

now reaching a >5σ difference between the local determination
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of H0 and the prediction from ΛCDM calibrated by the cosmic
microwave background (CMB) and which may augur new
physics, has motivated additional tests and cross-checks (for an
extensive and recent review of tests, checks and independent
measures, see E. Di Valentino et al. 2021, R. B. Tully 2023,
and L. Verde et al. 2023). The new capabilities of the James
Webb Space Telescope (JWST) offer the means for additional
cross-checks by comparing distances measured to SN host
galaxies with those measured with HST. Two JWST programs
received time in Cycle 1 to (re)measure distances between one
anchor, NGC 4258, and a subsample of 5–10 hosts of 8–11
SNe Ia using a variety of established and new primary distance
indicators: Cepheids, TRGB, and C-rich AGB stars. In this
analysis, we review the consistency between all of the JWST-
and HST-measured host distances. From this comparison, we
derived the strongest constraints on the linearity of measured
HST Cepheid distances. We also analyze an independent and
important issue: the fluctuations in H0 due to the small size of

the SN samples calibrated with JWST if exclusively used to
determine the parameter.
JWST has certain distinct advantages (and some disadvan-

tages) compared to HST for measuring distances to nearby
galaxies. For Cepheids, JWST offers a ∼2.5× higher near-
infrared (NIR) resolution than HST to mitigate crowding, though
an optical facility like HST is still needed to find Cepheids. The
observed reduction in the scatter of the Cepheid period–
luminosity relation (P–L) for ideal observations with JWST is
remarkable (A. G. Riess et al. 2024). For the TRGB distance
indicator, JWST offers greater depth in the NIR where red giants
are relatively brighter than other stars, but at the cost of a large
and uncertain color dependency for the method. An I-like band
is usually the choice for TRGB measurements because this
feature appears flat in a color–magnitude diagram (CMD) of
stars, where theory indicates differences in metallicity and age
move stars primarily in color rather than brightness (at least with
low-to-intermediate metallicities; W. L. Freedman et al. 2020).
In the NIR, theory shows that the TRGB is tilted and nonlinear,

Figure 1. A graphic explaining two issues that may be addressed using new JWST observations, overlaid on top of the three-rung distance ladder presented by R22.
The first (see Section 2) compares relative distances measured between NGC 4258 and SN Ia hosts by HST Cepheids with other indicators. This can be done at the
0.03–0.06 mag level depending on the quality of the measurements. This test is independent of SN magnitudes, anchor distances, and the Hubble flow. The second
(see Section 3) refers to the measurement of H0 that can be expected from the selected SN subsamples and chosen anchor. This is strongly affected by the subsample
selection owing to sampling noise and is most meaningfully compared to the same selections made from the full HST sample as indicated.
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and its shape is more sensitive to age and metallicity, making
such measurements more challenging (P.-F. Wu et al. 2014;
K. B. W. McQuinn et al. 2019; B. F. Madore et al. 2023;
T. J. Hoyt et al. 2024; M. J. B. Newman et al. 2024). Another
promising, newly employed “standard population,” C-rich AGB
stars (JAGBs), produce a clump of stars in the NIR CMD with a
luminosity function (LF) that may be measured and is presumed
to be standard. The techniques for the newer methods are still
evolving (J. J. Dalcanton et al. 2012; R. L. Beaton et al. 2018;
M. J. Durbin et al. 2020; B. F. Madore & W. L. Freedman 2020;
P. Ripoche et al. 2020; J. Parada et al. 2021; A. J. Lee 2023;
T. J. Hoyt et al. 2024; S. Li et al. 2024b, and more).

Even by observing only small subsamples of SN Ia hosts and
NGC 4258, JWST is able to provide a strong cross-check of
distances in the first two rungs because this comparison is
independent of SNe Ia and their own intrinsic scatter,
empirically ∼0.12–0.19 mag. This test is also independent of
the knowledge of the geometric distance to the anchor. It is,
however, still subject to the uncertainties in the measurements
of both distance indicators or both telescopes in NGC 4258, an
error floor to the comparison of two indicators or telescopes
and which is not reduced by adding more SN hosts. We explain
this cross-check in Figure 1.

Several comparisons of the measured difference in distance
between NGC 4258 and a subsample of SN Ia hosts between
HST Cepheids and indicators measured by JWST have already
been presented. A. G. Riess et al. (2024) found agreement
between >1000 Cepheids measured with JWST and HST for
five SN Ia hosts from the SH0ES team, when both sets were
analyzed at the same wavelength and with the same slope for
the P–L and using multiple JWST epochs to measure light-
curve phases, with a difference of −0.011± 0.032 mag. S. Li
et al. (2024b) compared the I-band (F090W) TRGB between
NGC 4258 measured by G. S. Anand et al. (2024) and eight
hosts of 10 SNe Ia in the SH0ES JWST sample, finding
agreement with HST Cepheids at the level of 0.01± 0.04 (stat)
±0.04 (sys)mag. A direct comparison of the 11 I-band TRGB
distances to SN Ia hosts from HST by W. L. Freedman (2021)
and by R22, relative to NGC 4258 (where they define
MI=−4.05 mag; I. S. Jang et al. 2021), produces a difference
of 0.01±0.04 mag.12 S. Li et al. (2024b) compared JAGB
measurements with JWST between four SN Ia hosts and
NGC 4258, finding agreement with Cepheids, though the
precision was limited by systematic differences in characteriz-
ing the JAGB LF. A study by W. L. Freedman et al. (2024,
hereafter F24) and A. J. Lee et al. (2024, hereafter L24)
compares three distance indicators measured with JWST but to
each other rather than to the HST R22 Cepheid sample, the
results of which we will address in Section 2. We review the
comparisons of each method, telescope, and group, using the
HST Cepheid R22 sample as a reference since it contains all of
the other measured subsamples. While fluctuations may occur
for any selected subsample, it is important and the convention
to make use of a large, distance-limited sample to reduce bias
and fluctuations. It is important to note that neither the JWST
SH0ES nor the CCHP targets constitute a distance-limited
sample to the distance of their farthest target. Remarkably
(given the lack of program coordination), a distance-limited

sample is formed by the combined JWST observations of the
two programs for D� 25Mpc, which includes 16 SNe Ia in
that range.
It seems reasonable to use JWST observations to compare

relative distance methods and sources (HST Cepheids, JWST
Cepheids, I-TRGB, NIR-TRGB, and JAGB) to identify which
are in mean accord (<2σ–2.5σ is conventional) and which are
not (>2.5σ–3.0σ is problematic). If HST Cepheid measure-
ments are in accord with others, there would be no evidence to
reject their use or the large sample of SNe Ia calibrated with
HST to determine H0 and which offers the only route to a local
measurement approaching 1% precision.
It is less clear that there is value (beyond the host distance

cross-checks) in measuring H0 exclusively from these JWST-
selected subsamples because their small size quadruples the
variance in H0 owing to the intrinsic dispersion of SNe Ia while
introducing no new objects. This SN sampling noise is already
reduced within the HST full sample of 42 SNe Ia and would
otherwise revert to past levels (at the level of A. G. Riess et al.
2011) with JWST if it is the only source used to determine H0.
Furthermore, the selected subsamples cannot be considered
without the potential for observer bias (e.g., the SN absolute
magnitudes having been previously measured, most by
A. G. Riess et al. 2016, 2022), nor are they complete in
distance.
One further consideration is the availability of geometric

anchors used to determine H0. There are four geometric
anchors (R22; L. Breuval et al. 2024) for Cepheids directly
observed by HST. For population-based methods (e.g., TRGB
or JAGB), parallax is less useful, and three of the four anchors
are too bright for JWST. It is not yet clear if JWST will be
able to usefully observe indicators in the MW, LMC, or SMC,
a feat HST achieved only through rapid spatial scanning and
gyro-guided fast slews (A. G. Riess et al. 2018, 2019), not
currently available for JWST. From HST Cepheids (R22),
there are predictable fluctuations in H0 based solely on anchor
choice. NGC 4258, the sole anchor available for JWST,
produces the lowest value of H0 of the four anchors,
decreasing H0 from the four-anchor mean of L. Breuval
et al. (2024) by ΔH0≈ 0.7 km s−1 Mpc−1. Reducing anchors
also increases the uncertainty. With NGC 4258 as the sole
anchor, R22 found H0= 72.5± 1.5 km s−1 Mpc−1 (a reduc-
tion to a 3σ tension with CMB+ΛCDM even before any
reduction in SN sample size). For a sample of only ∼10 SNe
with JWST, combining the error in measuring primary
distance indicators in NGC 4258 (σ≈ 1.3 km s−1 Mpc−1)
with the SN subsample (σ≈ 1.5 km s−1 Mpc−1) yields
σ≈ 2.0 km s−1 Mpc−1before including the geometric calibra-
tion (σ≈ 1.1 km s−1 Mpc−1), thus a total error of
2.3 km s−1 Mpc−1, which would be insufficient to detect
the present tension of ΔH0≈ 5–6 km s−1 Mpc−1. A small
D� 25 Mpc distance-limited sample from R22 with only
NGC 4258 as anchor selected from the HST R22 samples
gives H0= 72.3± 1.8 km s−1 Mpc−1, a reduction to a mar-
ginal 2.5σ tension (i.e., assuming perfect measurement
agreement with JWST). Simply put, slashing the size of the
distance-ladder sample trivially reduces the significance of the
tension by inflating uncertainties rather than explaining it. A
valid assessment of the tension would require taking into
account all relevant data while correcting subsample bias.
Here we analyze early JWST observing programs and the

distance measurements from each. The consistency of the

12 A review by W. L. Freedman & B. F. Madore (2023) notes the “excellent
agreement between the published Cepheid distances in A. G. Riess et al. (2022)
and TRGB distances in W. L. Freedman et al. (2019), which in the mean, agree
to 0.007 mag.”

3

The Astrophysical Journal, 977:120 (18pp), 2024 December 10 Riess et al.







uncertainties vary by a factor of a few from target to target.
The systematic difference for TRGB is due to intrinsic TRGB
variation between the SN hosts and NGC 4258. This is
discussed at length by D. Scolnic et al. (2022), J. Wu et al.
(2023), and R. I. Anderson et al. (2024) and will be different
for TRGB measured in the optical or NIR. We give a range of
0.01–0.08 mag. For JAGB, the range of 0.01–0.10 mag is
given owing to the nature of choices in the analysis. As
discussed by S. Li et al. (2024b), there are variations up to the
0.1 mag level when applying different statistical techniques
(e.g., mode/median).

We find the statistical error from a comparison is likely to be
∼0.06 mag but can range from 0.03 to 0.10 mag for the JWST
sample, and the systematic contribution is 0.03–0.1 mag. For

each technique, the uncertainty of the measurement for each
method in NGC 4258 is the dominant source.
F24 gives uncertainties in two-method comparisons which

are a factor of ∼3 smaller than those we derive from their data
following standard error propagation (Equation (4) and
Table 1). We discuss this further in the Appendix B, where
we trace the origin to the nonpropagation of the given
measurement uncertainties (or any uncertainty) in the measure-
ments of each distance indicator in NGC 4258.

2.3. Distance Comparisons

We show in Figure 2 and Table 2 a comparison of distance
measurements using HST Cepheid observations from R22 and

Figure 2. The main panel compares SN Ia host distances calibrated with NGC 4258 for various distance methods, samples, and telescopes (X-axis) and HST Cepheids
(Y-axis). The lower panel shows the differences between these on a per-host basis. The inset shows the mean differences for the whole sample. HST Cepheids are all
observed by HST and analyzed by R22 and A. G. 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, ∼1σ, agreement. The largest uncertainties in these comparisons arise from the individual measurements in NGC 4258 and the mean measures of the SN Ia
hosts as given in Table 1.
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those from other HST and JWST observations/techniques. We
use the uncertainties as derived in Table 1 for the comparisons.
We find that all techniques are in good accord at the ∼1σ and
an average level of ∼0.03 mag.

When comparing Cepheid measurements from JWST and
HST, we see that the mean difference with the CCHP JWST
Cepheid sample of 10 hosts is −0.027± 0.10 mag, in the sense
of JWST being closer. We note that the CCHP measurements
are obtained in F115W, a different filter than used with HST, so
systematic error cancellation does not apply, which is part of
the reason for the relatively large error. See Figure 1 of
A. G. Riess et al. (2023b) for sources of P–L dispersion. When
we compare to the Cepheid measurements of the eight SH0ES-
selected hosts of 11 SNe Ia, we find a mean difference with the
HST Cepheids of −0.02±0.03 mag. The uncertainty here is
smaller owing to 1) Cepheid samples in the SH0ES hosts which
are a factor of ∼3 larger, 2) a P–L scatter which is 40% smaller
due to the availability of multiple epochs and colors and 3) the
matching of wavelength between JWST and HST (and hence
the P–L slope). The JWST and HST Cepheid comparisons
presented by A. G. Riess et al. (2024) included 15 variants (i.e.,
choices) including no period limits, P> 15 day limits, steeper
and shallower P–L slope, no or double metallicity correction,
most crowded and least crowded halves, no phase correction or
single random phase, and the use of Cepheid colors (for
dereddening) from HST or from JWST NIR or JWST mid-IR.
The mean differences ranged from −0.030 to 0.017 mag, with
the fluctuations all less than 1σ. We conclude that HST and
JWST Cepheid measurements are robustly consistent (which is
also true of the individual team samples).

For comparisons between JWST JAGB and HST Cepheids,
we measure a difference with the CCHP JWST sample of
0.047± 0.066 mag, and for the SH0ES JWST sample we
measure a difference of −0.015± 0.064 mag, though this can
vary between 0.02 and −0.04, depending on whether the JAGB
mode, median, or mean statistic is used, which remains an
arbitrary choice (S. Li et al. 2024b). L24 finds that if they apply
the mean or median instead of the mode, the JAGB distances
would decrease (due to the greater skew of NGC 4258); the
agreement would then be 0.01± 0.055 mag. F24 noted a larger
difference of 0.08 mag between Cepheids and JAGB, but the
Cepheid reference was their JWST Cepheids, not the HST
Cepheids compared here. As discussed in Appendix B, with the
measurement errors in NGC 4258 included, even the JWST-to-
JWST difference is only 1σ. The CCHP JWST JAGB−
Cepheid difference also matches the size and direction of the
difference between CCHP JAGB and CCHP HST TRGB in
common, 0.07 mag.
When we compare HST Cepheid distances to TRGB, we

measure differences of 0.032, 0.02, and 0.01 mag for JWST
CCHP, JWST SH0ES, and HST CCHP, respectively, each with
a total uncertainty of ∼0.05−0.06 mag. The JWST I-TRGB
measurements are presented by S. Li et al. (2024a) and here
limited to the six hosts of eight SNe Ia with D� 25Mpc. All of
these comparisons are in good accord at the ∼1σ level.

2.3.1. Cepheid Distance Linearity

There are 59 independent distance measurements between
NGC 4258 and SN Ia hosts in common with the same measured
with HST Cepheids (R22; we will refer to here as μHST) that
can be used to obtain a new constraint on the linearity of the
Cepheid distance measurements—that is, the ratio μHST/μother.
In Figure 3, we perform a linear fit, μHST= slope× μother−
offset between HST Cepheid distances. We also can simulta-
neously include the 37 host measures from SNe Ia. For SNe,
we replace μother with the SN standardized magnitude (mB

0) and
allow for a unique SN offset, which is MB

0. It is critical (and we
take care) to perform this fit with independent measurements
and uncertainties for both axes (i.e., two dimensions and
averaging the other methods before comparing to the HST
Cepheid result). We find μHST/μother= 0.994± 0.010 and an
offset of the non-SN data of −0.01± 0.03 mag, referenced to
μ= 29.4 mag, the geometric distance of NGC 4258. The slope
matches unity at 0.6σ, and the offset is consistent with zero.
This is the strongest constraint measured for the linearity of
HST Cepheid distances, and there is no evidence of a
nonlinearity. It is also the strongest constraint on an offset
between HST Cepheid distances and all other (non-SN)
measures, a precision of 0.02 mag, that is, there is no evidence
for either a multiplicative or additive bias in the HST Cepheid
distances when compared to all other measures simultaneously.
A. G. Riess et al. (2022) analyzed the Cepheid distance

linearity against only SNe Ia and found it consistent with unity
at 1.5σ, but this was a weaker constraint due to the lack of the
non-SN distances now available. We note that the additional,
non-SN Ia, primary distance indicator data provide a stronger
constraint than the SN data alone, owing to the smaller errors of
the former per object, about half the size or a 4-to-1 weight
advantage.
While there is no evidence for a nonlinearity, the constraint

also strongly out rules a nonlinearity as a resolution of the
Hubble tension. A nonlinearity would have to produce a

Table 2
Comparing SN Ia Host Distances

Sample Team μJWST−μHST σ
(mag) (mag)

HST Cepheids versus JWST Cepheids

10 Hosts CCHP −0.027 0.10
8 Hosts (D � 25 Mpc) SH0ES −0.02 0.03
14 Unique Hosts Both −0.02 0.03

HST Cepheids versus JWST JAGB

7 Hosts (mode) CCHP 0.047 0.066
5 Hosts SH0ES −0.015 0.064

HST Cepheids versus JWST NIR-TRGB

10 Hosts CCHP 0.032 0.056

HST Cepheids versus JWST I-TRGB

6 Hosts (D � 25 Mpc) SH0ES 0.02 0.067

HST Cepheids versus I-TRGB

11 Hosts CCHP 0.01 0.057

HST Cepheids versus HST Miras

2 Hosts −0.08 0.078

Note. SH0ES D � 25 Mpc sample includes NGC 4038, M101, and NGC 3447
and excludes NGC 5468 as discussed in text. CCHP distances are from F24
Table 2 and include uncertainties in F24 Table 5. Errors in last column follow
from Equation (4) and use the minimum systematic uncertainties listed in
Table 1.
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3.3. H0 from Joint Samples

To avoid a selection bias relative to the SN Ia population, it is
important to define a (combined) sample that is complete to some
distance (a common method to avoid magnitude bias and also to
avoid the vagaries of human selection). We note that a near-
complete sample of SNe Ia (in R22) to D� 25Mpc with
JWST observations is formed by combining both the above
SH0ES and CCHP samples for a total of 14 (unique) hosts of 16
SNe Ia, missing only SN 1998aq (NGC 3982) D� 25Mpc,
which neither team targeted. A combined D� 25Mpc JWST
sample excludes one host of two SNe Ia, NGC 5468 from the
SH0ES JWST sample, which is at D= 40Mpc. The CCHP
sample of 10 alone does not include hosts of six SNe Ia at
distances � 25Mpc or at distances nearer than that sample's most
distant (NGC 4639, μ� 32.0 at 95% confidence): SN 2005df,
SN 2007af, SN 2001el, SN 2012ht, SN 2021pit, and SN 1998aq.
The merged JWST D� 25 Mpc sample of 16 SNe Ia is also seen
to be more representative of the full HST sample of 42 SNe Ia

than either group’s selected subsample, an expected consequence
of “reversion to the mean” as the samples grow. HST Cepheids
predict H0= 72.9± 2.1 km s−1Mpc−1 for the JWST D� 25
Mpc sample.
For the merged D� 25Mpc sample of 16 SNe Ia, we

find from JWST Cepheids H0= 73.4± 2.0 km s−1Mpc−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−1Mpc−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−1Mpc−1, in good
agreement with the value expected from HST Cepheids for the
same sample of H0= 72.8± 2.0 km s−1Mpc−1. The uncertain-
ties for this combination are explained in Table 3 and values of
H0 and their uncertainties for different sub-samples are in
Table 4. For these estimates we used the minimum systematic
error listed in Table 1 for each method. For an expanded JWST

Figure 5. Comparisons of H0 between HST Cepheids and other measures (JWST Cepheids, JWST JAGB, and JWST NIR-TRGB) for SN Ia host subsamples selected
by different teams and for the different methods. The top section shows the values for H0 using four geometric anchors and also using only NGC 4258. Below, for
each selected subsample (by Team or method), we show the value of H0 based on the HST Cepheid measurements (from R22) and from the JWST distance
measurements. The smaller capped error bars indicate the uncertainty from the distance measures between the first-/second-rung distance measure (Cepheids/TRGB/
JAGB) alone, and the full error bar includes the SN data. The CCHP and SH0ES subsamples selected for JWST observations produce a large difference of
3–4 km s−1 Mpc−1 in H0 a priori owing to selection. The HST Cepheid and JWST distance measurements themselves are in good agreement.
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5. Conclusion

A major success of the first years of JWST has been its ability
to provide a number of cross-checks on the local distance ladder
as measured using HST. In this paper, we surveyed measure-
ments using HST and JWST with multiple techniques including
Cepheids, TRGB, and JAGB to search for any systematic biases
in these measurements. We find that HST Cepheid measure-
ments are consistent at the 0.03 mag and 1σ level with all other
techniques from the two telescopes. By comparing all distance
indicators to common hosts, HST Cepheids versus others, we
find the strongest constraint to date on the linearity in the HST
Cepheid measurements, 0.994± 0.010, with no significant
evidence of nonlinearity, and more than 5σ from either a
multiplicative or additive bias needed to resolve the Hubble
tension. We show that different values found for H0 based solely
on JWST can be traced to differences in the small samples of SN
hosts (and their SNe) and anchors selected for early JWST
observations. When combining all the JWST measurements for
each technique, we find 73.4± 2.1, 72.2± 2.2, and
72.1± 2.2 km s−1 Mpc−1 for JWST Cepheids, JAGB, and
TRGB, respectively. When we combine all the methods (but
each SN measurement included only once), we determine
H0= 72.6± 2.0 km s−1Mpc−1, in good agreement with
72.8 km s−1Mpc−1 that HST Cepheids would yield for the
same sample. While it will still take multiple years for the JWST

sample of SN hosts to be as large as the HST sample, we show
that the current JWST measurements have already ruled out
systematic biases from the first rungs of the distance ladder at a
much smaller level than the Hubble tension.
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Appendix A
Data Tables

Here we include all the distance measurements discussed in
this paper from W. L. Freedman (2021), A. G. Riess et al.
(2022), S. Li et al. (2024a, 2024b), F24, and others. They are
presented in Tables A1 and A2.

Figure 7. Comparisons of H0 between HST Cepheids and other subsamples of JWST Cepheids and anchors.
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Table A2
Distance Moduli for Comparison

HST Cepheids JWST Cepheids JWST TRGB HST TRGB JWST JAGB Miras

Host R22 err CCHP err SH0ES err CCHP err SH0ES err F21 err CCHP err SH0ES err H24 err

N4258 29.4 0.025 29.4 0.087 29.4 0.03 29.4 0.035 29.4 0.05 29.4 0.04 29.4 0.05 29.4 0.05 29.4 0.04

M101 29.188 0.055 29.14 0.08 29.12 0.03 29.18 0.04 L L 29.08 0.04 29.22 0.04 L L 29.1 0.06
N1309 32.552 0.069 L L L L L L L L 32.49 0.07a L L L L L L
N1365 31.378 0.061 31.26 0.1 L L 31.33 0.07 L L 31.36 0.05 31.39 0.04 L L L L
N1448 31.298b 0.051 L L 31.289 0.03 L L 31.38 0.07 31.32 0.06 L L 31.29 0.04 L L
N1559 31.500b 0.071 L L 31.371 0.03 L L 31.5 0.05 L L L L 31.39 0.04 31.41 0.08
N2442 31.459 0.073 31.47 0.09 L L 31.61 0.09 L L L L 31.61 0.04 L L L L
N2525c 32.059 0.11 L L L L L L 31.81 0.08 L L L L L L L L
N3021 32.473 0.162 L L L L L L L L 32.22a 0.05 L L L L L L
N3370 32.130 0.06 L L L L L L L L 32.27a 0.05 L L L L L L
N3447 31.947 0.05 L L 31.95 0.03 L L 31.92 0.09 L L L L 31.85 0.07 L L
N3972 31.644 0.096 31.67 0.1 L L 31.74 0.07 L L L L L L L L L L
N4038 31.612 0.121 31.7 0.12 31.67 0.035 31.61 0.08 L L 31.68 0.05 L L L L L L
N4424 30.854 0.133 30.91 0.22 L L 30.93 0.05 L L 31.0 0.06 L L L L L L
N4536 30.870 0.061 30.95 0.12 L L 30.94 0.06 L L 30.96 0.05 30.98 0.03 L L L L
N4639 31.823 0.091 31.8 0.12 L L 31.75 0.07 L L L L 31.74 0.04 L L L L
N5468 33.127b 0.082 L L 32.975 0.03 L L L L L L L L L L L L
N5584 31.766b 0.062 L L 31.838 0.03 L L 31.81a 0.09 31.82 0.1 L L 31.85 0.04 L L
N5643 30.553b 0.063 30.51 0.08 30.52 0.03 30.61 0.07 30.56 0.06 30.475 0.08 30.59 0.04 30.49 0.04 L L
N7250 31.642 0.13 31.41 0.12 L L 31.62 0.04 L L L L 31.6 0.08 L L L L

Note.
a The HST TRGB distances given in F21 for NGC 1309, 3021, 3370, and 5584, all at the far end of the measurable range, are contentious as G. S. Anand et al. (2022) have reanalyzed them and could not detect the
TRGB. We include them here to keep the F21 sample complete.
b R24 Table 3 refit R22 HST Cepheids to a common P–L slope with JWST at the same wavelength to negate common error. These HST distance-modulus values (mag) improve the Cepheid comparison with JWST and
are N5643, 30.518 ±0.033; N5584, 31.828 ±0.037; N1559, 31.473 ±0.045; N1448, 31.236 ±0.034; and N5468, 33.058 ±0.052.
c N2525 qualifies for the D < 25 Mpc TRGB sample based on its distance. The uncertainties for the CCHP JWST measures in NGC 4258 were derived from Table 5 in F24 after removing the 1.5% geometric distance
uncertainty.

(This table is available in machine-readable form in the online article.)
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