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30 Riess et al.

Figure 12. Complete distance ladder. The simultaneous agreement of distance pairs: geometric and Cepheid-based (lower
left), Cepheid- and SN-based (middle), and SN- and redshift-based (top right) provides the measurement of H0. For each step,
geometric or calibrated distances on the abscissa serve to calibrate a relative distance indicator on the ordinate through the
determination of MB or H0. Results shown are an approximation to the global fit as discussed in the text. Red SNe points are at
0.0233 < z < 0.15 with the lower redshift bound producing the appearance of asymmetric residuals when plotted against distance.

Measurement of H0

• Distance ladder measurement of  in 
the local universe


•  km/s/Mpc 


• Murakami et al. 2022 
(arXiv:2306.00070) improves this to 

 km/s/Mpc 

H0

H0 = 73.2 ± 1.0

H0 = 73.3 ± .9

Figure Credit: Riess et al. 2022
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Hubble Tension
• Distance ladder measurement of  in the 

local universe


•  km/s/Mpc 


• Predictions from early universe 
measurements by Planck


•  km/s/Mpc 


• Disagreement at 


• Many other measurements

H0

H0 = 73.3 ± .9

H0 = 67.4 ± 0.5
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Cepheid Variables
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Figure Credit: 
Riess 2021
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Cepheid PLR
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Figure Credit: 
Riess 2021
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Two Rung Distance Ladder

• SN Ia are great, but each rung must be checked


• Goal: SNe Ia independent measurement of H0 
from SH0ES Cepheid distances


• Obstacle: median redshift of sample is 
, peculiar velocities are ~20% of the 

signal, correlated across the sky
z ∼ 0.006

Simulations were performed at the National Center for Supercomputer Applications 
by Andrey Kravtsov (The University of Chicago) and Anatoly Klypin (New Mexico State University).  

Visualizations by Andrey Kravtsov.
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Peculiar Velocity Reconstructions

• Solution: Peculiar Velocity Reconstructions


• Galaxy redshift surveys


• Two of interest


• Carrick et al. 2015 


• Lilow and Nusser 2021


• Uncertainties unclear


• Correlations remain

Figure Credit: Carrick et al. 2015
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Power Spectra

Figure Credit: Kenworthy et al. 2022
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Differences
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Power Spectra

Figure Credit: Kenworthy et al. 2022
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Velocity Covariance

Velocity covariance between pairs of objects in our sample as a 
function of 3d separations. Red points show our error estimates

Figure Credit: Kenworthy et al. 2022
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Cosmology Dependence?
• Is our final measurement dependent on 

 ΛCDM?


• Using theory *only* for the shape of the 
covariance, not the amplitude


• Effect is very small at second order (though 
depends on selection assumptions)


• Marginalized over cosmology parameters

mailto:wkenwor1@jhu.edu
mailto:wkenwor1@jhu.edu


W. D’Arcy Kenworthy, wkenwor1@jhu.edu, (704) 497-7230 Johns Hopkins UniversityW. D’Arcy Kenworthy, darcy.kenworthy@fysik.su.se Oskar Klein Centre, Stockholm University

Cepheid Systematics

• Systematics included in covariance instead 
of analysis variants


• Accounted for:


• Metallicity scale


• Reddening/extinction


• P-L law


• outlier treatment

Figure Credit: Kenworthy et al. 2022

Covariance in Cepheid distance measurements
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Selection Effects
• Galaxies 


• Implies a distance-dependent bias in 
redshifts


• Same effect seen in Pantheon+ analysis


• Two scenarios for SH0ES Cepheid 
samples:


• Distance-limited: SH0ES used SN 
magnitudes to target nearby galaxies


• Redshift-limited: SH0ES used redshifts 
to target nearby galaxies

∝ d2

Figure Credit: Kenworthy et al. 2022, Brout et al. 2022
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Modeling

Uncorrected Hubble Diagram

• Hierarchical Bayesian model allows us to 
simultaneously model:


• Parametrizations of reconstruction


• Correlations of sample 


• Unique distance-redshift relations on 
each line of sight


• Selection of SH0ES sample from Hubble 
flow


• Cepheid systematics
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Modeling
• Hierarchical Bayesian model allows us to 

simultaneously model:


• Parametrizations of reconstruction


• Correlations of sample 


• Unique distance-redshift relations on 
each line of sight


• Selection of SH0ES sample from Hubble 
flow


• Cepheid systematics


• Leave-one-out cross-validation Assuming distance-limited selection, using Carrick 
2015 reconstructions, and fitting PV amplitude
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Residuals

Figure Credit: Kenworthy et al. 2022
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Residuals

Figure Credit: Kenworthy et al. 2022
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Cepheid/SN comparison

• Check on agreement of the two


•  with 72 DoFχ2 ≈ 50

Figure Credit: Kenworthy et al. 2022
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Results

Fiducial Result:   
 discrepancy with Planck

72.8+2.4
−2.2 km s−1 Mpc−1

2.4σ

Evaluated 12 variant treatments of selection and 
modeling to evaluate associated systematics 

Without galaxy reconstruction

 71.6+4.5

−4.6 km s−1 Mpc−1

Figure Credit: Kenworthy et al. 2022
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Impact on Hubble Tension

Figure Credit: Kenworthy et al. 2022

• Messing with type Ia SNe alone cannot 
reduce tension below 


• Peculiar velocity flow corrections are pretty 
good (  significance from Cepheids 
alone!)


• Extremely low redshift physics solutions 
also challenged (sample median at 20 
Mpc!)

2.4σ

3σ
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SNe Ia

• SNe are necessary to measure the Hubble 
tension precisely


• Supernova Ia sample is extremely well 
constrained

Pantheon+ residuals
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• Grey, underdense region will expand more 
quickly than black background 


• Under-density increases local Hubble 
constant


                


   % change in % change in 
density


• Theoretical effect on SH0ES is ~ 0.5-.7% 
(Wu and Huterer, 2017)

δH0/H0 = − f(ΩM)/3 × δρ/ρ

H0 ≈ − 1/6 ×

Voids at ~ Gpc scales?

23
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Voids at ~ Gpc scales?

Difference in  when measured above and below  There is no 
evidence for a void biasing the local measurement of the Hubble 

constant at any redshift. Smoothed for visualization

H0 zsplit

24

Figure Credit: Kenworthy et al. 2019
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JWST!
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ABSTRACT

High-resolution JWST observations can test confusion-limited HST observations for a photometric
bias that could a↵ect extragalactic Cepheids and the determination of the Hubble constant. We present
JWST NIRCAM observations in two epochs and three filters of >320 Cepheids in NGC4258 (which
has a 1.5% maser-based geometric distance) and in NGC5584 (host of SN Ia 2007af), near the median
distance of the SH0ES HST SN Ia host sample and with the best leverage among them to detect
such a bias. JWST provides far superior source separation from line-of-sight companions than HST
in the NIR to largely negate confusion or crowding noise at these wavelengths, where extinction is
minimal. The result is a remarkable >2.5⇥ reduction in the dispersion of the Cepheid P–L relations,
from 0.45 to 0.17 mag, improving individual Cepheid precision from 20% to 7%. Two-epoch photometry
confirmed identifications, tested JWST photometric stability, and constrained Cepheid phases. The
P–L relation intercepts are in very good agreement, with di↵erences (JWST�HST) of 0.00±0.03 and
0.02±0.03 mag for NGC4258 and NGC5584, respectively. The di↵erence in the determination of H0

between HST and JWST from these intercepts is 0.02±0.04 mag, insensitive to JWST zeropoints or
count-rate non-linearity thanks to error cancellation between rungs. We explore a broad range of
analysis variants (including passband combinations, phase corrections, measured detector o↵sets, and
crowding levels) indicating robust baseline results. These observations provide the strongest evidence
yet that systematic errors in HST Cepheid photometry do not play a significant role in the present
Hubble Tension. Upcoming JWST observations of >12 SN Ia hosts should further refine the local
measurement of the Hubble constant.

1. INTRODUCTION

Over the last decade an intriguing tension has emerged between the value of the Hubble constant (H0) measured
directly from redshifts and distances, following its local definition and independent of models, and the same parameter
inferred from the cosmological model, calibrated in the early Universe (Verde et al. 2019; Di Valentino et al. 2021;
Kamionkowski & Riess 2022, for recent reviews). This “Hubble Tension” is seen with high significance (>5� confidence)
across a wide-range of local, independent distance indicators and among experiments measuring the Cosmic Microwave
Background (CMB) and thus requires a solution. The James Webb Space Telescope (JWST) provides new capabilities
to scrutinize and refine some of the strongest observational evidence for this tension.
The most significant di↵erences are seen between measurements of local Type Ia supernovae (SNe Ia) calibrated

by Cepheid variables, which yield H0 = 73.0± 1.0 km s�1 Mpc�1 (Riess et al. 2022, hereafter R22), and the analysis
of Planck observations of the Cosmic Microwave Background (Planck Collaboration et al. 2020), which predict
H0 = 67.4±0.5 km s�1 Mpc�1 in conjunction with ⇤CDM. Cepheids have been the preferred primary distance indicator
for these studies because they are extraordinarily luminous (MH ⇠ �7 mag at a period of 30 days), intrinsically precise
(⇠3% in distance per star), reliably identifiable due to their periodicity (since Leavitt 1912), and well understood (since
Eddington 1917). They are also the best-calibrated distance indicator accessible in a large volume of SN Ia hosts thanks
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Cepheid Crowding
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JWST!
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Cepheid PLR
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JWST Results

• NGC 4258, NGC 5584 presented here (more 
in progress) 


• Scatter in PLR improved by factor of 2.5 
with JWST


• Overall, JWST-HST offset is constrained to 
 mag0.02 ± 0.04
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