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Hubble Ultra Deep Field



✦ 1920: "The Great Debate" between Harlow Shapley and Heber Curtis. 
Are the spiral nebulae outside of the Milky Way or part of it ?

Edwin Hubble and the 2.5m telescope  
at Mount Wilson Observatory

✦ 1929: Edwin Hubble finds that the "escape velocity" 
of galaxies increases with their distance.  

The Universe is expanding!

The Discovery of the Expanding Universe

➞  Edwin Hubble: They are outside the Milky Way!  
     The universe is made of multiple galaxies.

The key to answer this question: measure astronomical distances.
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The Universe is Expanding

➞  Expansion rather than motion through space



E = escape velocity reached, Earth is no longer  
       massive enough to retain the ball 

➞  "velocity wins"

C, D = intermediate speed/mass

A, B = speed is too low and/or Earth is too massive 
➞  "gravitation wins"

The possible fates of the Universe

For the Universe:  

A, B = the universe is massive enough, its   
            self gravity will pull it back together 

E = expansion is accelerating, due to the  
       dominant presence of Dark Energy



Models of the Expanding Universe

PAST

PRESENT

FUTURE

Massive universe,  
rapidly decelerating

Big  
Crunch

Big  
Bang

Less massive,  
slowly decelerating

Decelerating, then 
accelerating universe

Which model  

corresponds best  

to our universe?



The Accelerating Expansion 
✦ 1998: The Universe is in accelerated expansion!  

➞  positive cosmological constant: ΩΛ > 0

Supernovae light curves used to measure the accelerated 
expansion of the Universe (Riess et al. 1998) 
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FIG. 3.ÈLight curves of high-redshift SNe Ia. B ( Ðlled symbols) and V (open symbols) photometry in the rest frame of 10 well-observed SNe Ia is shown
with B increased by 1 mag for ease of view. The lines are the empirical MLCS model Ðts to the data. Supernova age is shown relative to B maximum.

tion on the spectra and observed colors of the SNe. For
most epochs, Ðlter combinations, and redshifts, the varia-
tion of the K-correction with the observed variations of
color excess is only 0.01 to 0.05 mag. For redshifts that
poorly match the rest-frame wavelengths to the observed
wavelengths, the custom K-correction for very red or very
blue SNe Ia can di†er from the standard K-correction by
0.1 to 0.2 mag.

This prescription requires the age and observed color for
each observation to be known before its K-correction can
be calculated. The age is best determined from Ðtting the
light curveÏs time of maximum. Yet we must use the K-
correction to determine the time of maximum and the true
color of each epoch. This conundrum can be solved by
iteratively converging to a solution by repeated cycles of

K-correcting and empirical Ðtting of the light curves. Table
lists the Ðnal cross-band K-corrections we used to convert4

the observations to the rest-frame passbands. We have also
corrected the light curves in and our light curve ÐtsFigure 3
for a 1 ] z time dilation, expected in an expanding universe

et al.(Riess 1997).

3.2. L ight Curve Fitting
As described in empirical models for SNe Ia light° 1,

curves that employ the observed correlation between light
curve shape, luminosity, and color have led to signiÐcant
improvements in the precision of distance estimates derived
from SNe Ia (Hamuy et al. Riess et al.1995, 1996c ; 1995,

Here we employ the MLCS1996a ; Tripp 1997, 1998).
method prescribed by et al. as reanalyzed inRiess (1996a)

Explosion from thermonuclear detonation 
of a white dwarf star in a binary

✦ Supernovae are distance indicators: explosion always occurs 
at the same mass, therefore at the same intrinsic luminosity. 
They are calibrated with Cepheids (see next session).

Adam Riess, Saul Perlmutter and Brian Schmidt, 
Nobel Laureates in Physics (2011)

✦ Discovery by Saul Perlmutter (The Supernova Cosmology 
Project), Brian Schmidt and Adam Riess (The High-z 
Supernova Search Team). 

✦ They measured distances and redshifts to Type Ia 
supernovae at large distances.



Models of the Expanding Universe

PAST

PRESENT

FUTURE

Massive universe,  
rapidly decelerating

Big  
Crunch

Big  
Bang

Expansion history (at any time):     H(t) 
                        Hubble Constant:     H(0)

Less massive,  
slowly decelerating

Decelerating, then 
accelerating universe

NOW



The First Measurements of H0

Credit: J. Huchra 2008



The Hubble Constant and the Age of the Universe

✦ H0 = 500 km/s/Mpc (Edwin Hubble)         ➞   tH = 1.95 Gyr

1/H0 = tH   ➞   Hubble time = age of the universe

✦ H0 = 73 km/s/Mpc (most recent update)   ➞   tH = 13.4 Gyr 

✦ H0 = 67 km/s/Mpc                                      ➞   tH = 14.6 Gyr

A fundamental 
parameter for 
cosmologists!
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Two ways to measure/infer H0

EARLY UNIVERSE LATE UNIVERSE 
(TODAY)

ΛCDM

dark 
matter  
27%

dark 
energy  
68%

ordinary 
matter  

5%

H0

The ΛCDM model predicts H(z)

Measurement of temperature 
fluctuations in the CMB  
(Planck Collaboration)

⚡THE  
HUBBLE  
TENSION

H0

Direct measurement:  
Distances & redshifts  

(model-free)

ΛCDM describes/models: 

✦ the Universe's main components  
✦ its evolution: Big Bang ➞ current expansion 
✦ structure formation



The Hubble Tension
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H(z) from ΛCDM

H0

H
(z

)

Early Universe 
(indirect) method: 

Assuming the ΛCDM 
model and using the 

CMB fluctuation 
spectrum (Planck), we 

can predict the 
expansion history of the 

Universe and its 
expansion rate today  

H0=67.4 ± 0.5  
km/s/Mpc 

Late Universe  
(direct) method:  

Empirical distance 
ladder with Cepheids 

+ supernovae Ia 
(model-free) 

H0= 73.17 ± 0.86  
km/s/Mpc 



Two ways to measure/infer H0

EARLY UNIVERSE LATE UNIVERSE 
(TODAY)

ΛCDM

dark 
matter  
27%

dark 
energy  
68%

ordinary 
matter  

5%

H0

The ΛCDM model predicts H(z)

Measurement of temperature 
fluctuations in the CMB  
(Planck Collaboration)

⚡THE  
HUBBLE  
TENSION

H0

Direct measurement:  
Distances & redshifts  

(model-free)

ΛCDM describes/models: 

✦ the Universe's main components  
✦ its evolution: Big Bang ➞ current expansion 
✦ structure formation

Why should we worry about it?

➞  issue with ΛCDM model?   " #

➞  issue in CMB measurement?   $
➞  issue in distance measurements?   % &



The Hubble Tension

The Hubble tension is 
not just a disagreement 
between two methods, 

or two teams.  

It is a global 
disagreement between 
early universe values 

and late-universe 
measurements.
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Objects of known size

Light House

Brightness  1/D2

Parallax

Measuring Distances on Earth



Measuring Distances in Space

Parallax method (Credit: A. Feild, STScI, A. Riess, JHU/STScI)



The Gaia Satellite (European Space Agency)



Gaia Parallaxes



Gaia Parallaxes



Objects of known size

Light House

Brightness  1/D2

Parallax

Measuring Distances on Earth



Detached Eclipsing Binaries

LMC

SMC

Graczyk+2020

Light Curve Radial Velocity Curve



Objects of known size

Light House

Brightness  1/D2

Parallax

Measuring Distances on Earth
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Light Curve

Cepheid Variable Star

Faint Cepheids: 
Fast pulsation

Bright Cepheids: 
Slow pulsation

SNIa light curves (Riess et al. 1998) 
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FIG. 3.ÈLight curves of high-redshift SNe Ia. B ( Ðlled symbols) and V (open symbols) photometry in the rest frame of 10 well-observed SNe Ia is shown
with B increased by 1 mag for ease of view. The lines are the empirical MLCS model Ðts to the data. Supernova age is shown relative to B maximum.

tion on the spectra and observed colors of the SNe. For
most epochs, Ðlter combinations, and redshifts, the varia-
tion of the K-correction with the observed variations of
color excess is only 0.01 to 0.05 mag. For redshifts that
poorly match the rest-frame wavelengths to the observed
wavelengths, the custom K-correction for very red or very
blue SNe Ia can di†er from the standard K-correction by
0.1 to 0.2 mag.

This prescription requires the age and observed color for
each observation to be known before its K-correction can
be calculated. The age is best determined from Ðtting the
light curveÏs time of maximum. Yet we must use the K-
correction to determine the time of maximum and the true
color of each epoch. This conundrum can be solved by
iteratively converging to a solution by repeated cycles of

K-correcting and empirical Ðtting of the light curves. Table
lists the Ðnal cross-band K-corrections we used to convert4

the observations to the rest-frame passbands. We have also
corrected the light curves in and our light curve ÐtsFigure 3
for a 1 ] z time dilation, expected in an expanding universe

et al.(Riess 1997).

3.2. L ight Curve Fitting
As described in empirical models for SNe Ia light° 1,

curves that employ the observed correlation between light
curve shape, luminosity, and color have led to signiÐcant
improvements in the precision of distance estimates derived
from SNe Ia (Hamuy et al. Riess et al.1995, 1996c ; 1995,

Here we employ the MLCS1996a ; Tripp 1997, 1998).
method prescribed by et al. as reanalyzed inRiess (1996a)

Explosion from thermonuclear detonation 
of a white dwarf star in a binary

Type Ia supernova





The Cepheid & SNIa Distance Ladder

distance



We use "known" distances in 
nearby galaxies to calibrate the 

absolute Period-Luminosity 
relation of Cepheids: 

‣ Gaia parallaxes (Milky Way) 
‣ Eclipsing binaries (LMC) 
‣ Maser orbital motion (N4258)
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The Cepheid & SNIa Distance Ladder

We observe galaxies hosting both 
Cepheids and SNIa, and we assume 
Cepheid distances to calibrate SNIa.  

➞  Limited to the volume where 
Cepheids can be observed  

& by the number of nearby SNIa                    
(1 SNIa/galaxy/100 years)

distance



We use "known" distances in 
nearby galaxies to calibrate the 

absolute Period-Luminosity 
relation of Cepheids: 

‣ Gaia parallaxes (Milky Way) 
‣ Eclipsing binaries (LMC) 
‣ Maser orbital motion (N4258)

The Cepheid & SNIa Distance Ladder

We observe galaxies hosting both 
Cepheids and SNIa, and we assume 
Cepheid distances to calibrate SNIa.  

➞  Limited to the volume where 
Cepheids can be observed  

& by the number of nearby SNIa                    
(1 SNIa/galaxy/100 years)

Here, only SNIa are bright enough 
to be observed, Cepheids too faint.  

➞  Far enough to avoid local 
gravitational interactions 

➞  Close enough to measure H0

distance



(Gaia, ESA)



3 independent 
geometric methods 
to calibrate Cepheid 

distances

H0 = 73.04 ± 1.04 km/s/Mpc 

(Riess+2022)

✦ Use NIR & colors to minimize the effect of dust

42 SNIa calibrators also 
in Cepheid hosts galaxies

High quality data 
& calibration for 

~300 SNIa 
(Pantheon+,  
Brout+2023) 

‣ Best-understood methods        
➞  physics of Cepheids & SNIa

‣ Largest 
number of 
objects         
➞  populate 
sparser rungs

‣ Homogeneous observations     
➞  only HST photometry

The SH0ES Team (PI: A. Riess) 

➞  40+ journal papers 
➞  16,000+ citations since 2005 
➞  >1,000 HST orbits, 20 proposals 
➞  public release of data
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The Cepheid & SNIa Distance Ladder

Riess+2024

✦ Simultaneous fit of the 3 rungs with 5 free parameters: 
Cepheid & SNIa luminosities, PL slope, 𝛾, and  5 log(H0)
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Cepheid Open Cluster 

Gaia parallaxes are well measured, but Cepheids are bright stars 

and require a small corrective term (parallax zero-point).  

Alternative approach?  '



17 cluster Cepheids = as good as 75 individual Cepheids! 
Consistent HST photometry (spatial scanning) 

Riess+2022b

Open Clusters host >100 stars: Cluster mean parallaxes 
are more precise than those of individual Cepheids 

Breuval+2020

A&A 643, A115 (2020)

Appendix A: Field charts of open clusters

Fig. A.1. Field charts of our candidate Cepheids in their host clusters. The white dashed circles show the radius r50 containing half of the cluster
stars, and each yellow circle shows a cluster member. The blue and pink arrows show the Cepheid and cluster proper motion, respectively.

A115, page 12 of 14

Breuval+2020

Cepheid PM 
Cluster mean PM

Cluster members are fainter than Cepheids, and Gaia 
parallaxes are better calibrated for fainter stars.

H0 = 73.04 ± 1.04  km/s/Mpc  (1.42 %) 

↓ 
H0 = 73.15 ± 0.97  km/s/Mpc  (1.33 %)

We first optimize the value of
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where zp is a residual parallax offset after application of
the L21-derived parallax offset and πphot,i depends on the
Cepheid P–L parameters in Equations (2) and (3), ZW, bW, and
MH

W
,1. The individual σi are derived by adding in quadrature the

photometric parallax uncertainty, the intrinsic width of the NIR
Wesenheit P–L, and the parallax uncertainties in Table 1. For
fits that can accommodate inaccuracies in the L21 zero-point
offset calibration we assign a value for σzp for L21 as given
below.

In Table 5 we give the results of these fits. R21 assigned a
fairly large uncertainty prior of σzp= 10 μas due to the modest
calibration sample available to L21 at this high brightness
range (6<G< 10). In contrast (see Figure 1), the magnitudes
of the stars used to measure the cluster parallaxes well match
the bulk of those used by L21 to calibrate the offset. The mean
G mag is 15.5 with a dispersion of 1.9 mag. So for these fits we
assign a smaller, a priori uncertainty of σzp= 5 μas (L21 states
the offset uncertainty to be “a few” μas in the magnitude and
color range where it is well calibrated so our choice of σzp is

relatively cautious). This would correspond to a 0.016 mag
systematic uncertainty for the cluster sample.
The Cepheid cluster sample offers it is best constraints on the

P–L intercept, MH
W

,1. We therefore consider the best optimiza-
tions to be two-parameter fits for zp and MH

W
,1 using constraints

on the other P–L parameters (bW and ZW) obtained from the
external Cepheid sample (used in R22) that well constrains
these parameters as given in Table 5.
Our best fit to the full sample yields M 5.902H

W
,1 = - 

0.026 mag and zp=−3± 4 μas and M 5.907 0.024H
W

,1 = - 
mag and zp=−4± 4 μas for the Gold sample. The value of
MH

W
,1 is very close to the value derived from MW Cepheid

parallaxes in R21, −5.903± 0.024 mag, and to the mean value
from three geometric anchors (LMC DEBs, NGC 4258 masers,
and MW Cepheid parallaxes) of −5.894± 0.017 mag in R22.
The residual zp from L21 is small or undetected, consistent
with the expectation it should be small in this magnitude range
where Gaia is best calibrated. The listed uncertainty in bW and
ZW is included but contributes less than 10% of the total
variance of MH

W
,1. Using this constraint as the sole anchor of the

SH0ES distance ladder (R22) gives H0= 72.9± 1.3 km s−1

Mpc−1 and H0= 73.3± 1.1 km s−1 Mpc−1 with and without
determination of the offset term, respectively, for either sample
including systematic uncertainties in the SH0ES distance

Figure 3. The Milky Way Cepheid period–luminosity relation in the HST NIR, reddening-free (Wesenheit) system as calibrated with three parallax samples.
Parallaxes from HST spatial scanning (R18b) for eight Cepheids are in blue and yield 3% precision in the mean. The 66 points in gray (R21) using Gaia EDR3
Cepheid parallaxes with simultaneous calibration of the parallax offset. The red points come from cluster Cepheids and are less dependent on parallax offset
calibration as they are measured in the range where Gaia is best calibrated. These samples differ in their parallax precision (inset) with the cluster parallaxes reaching
∼10 μas uncertainties leading to the low dispersion of σ = 0.07 mag for the cluster Cepheids. The dotted line (upper) shows the reference luminosity for the distance
ladder.
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where zp is a residual parallax offset after application of
the L21-derived parallax offset and πphot,i depends on the
Cepheid P–L parameters in Equations (2) and (3), ZW, bW, and
MH

W
,1. The individual σi are derived by adding in quadrature the

photometric parallax uncertainty, the intrinsic width of the NIR
Wesenheit P–L, and the parallax uncertainties in Table 1. For
fits that can accommodate inaccuracies in the L21 zero-point
offset calibration we assign a value for σzp for L21 as given
below.

In Table 5 we give the results of these fits. R21 assigned a
fairly large uncertainty prior of σzp= 10 μas due to the modest
calibration sample available to L21 at this high brightness
range (6<G< 10). In contrast (see Figure 1), the magnitudes
of the stars used to measure the cluster parallaxes well match
the bulk of those used by L21 to calibrate the offset. The mean
G mag is 15.5 with a dispersion of 1.9 mag. So for these fits we
assign a smaller, a priori uncertainty of σzp= 5 μas (L21 states
the offset uncertainty to be “a few” μas in the magnitude and
color range where it is well calibrated so our choice of σzp is

relatively cautious). This would correspond to a 0.016 mag
systematic uncertainty for the cluster sample.
The Cepheid cluster sample offers it is best constraints on the

P–L intercept, MH
W

,1. We therefore consider the best optimiza-
tions to be two-parameter fits for zp and MH

W
,1 using constraints

on the other P–L parameters (bW and ZW) obtained from the
external Cepheid sample (used in R22) that well constrains
these parameters as given in Table 5.
Our best fit to the full sample yields M 5.902H

W
,1 = - 

0.026 mag and zp=−3± 4 μas and M 5.907 0.024H
W

,1 = - 
mag and zp=−4± 4 μas for the Gold sample. The value of
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and MW Cepheid parallaxes) of −5.894± 0.017 mag in R22.
The residual zp from L21 is small or undetected, consistent
with the expectation it should be small in this magnitude range
where Gaia is best calibrated. The listed uncertainty in bW and
ZW is included but contributes less than 10% of the total
variance of MH

W
,1. Using this constraint as the sole anchor of the

SH0ES distance ladder (R22) gives H0= 72.9± 1.3 km s−1

Mpc−1 and H0= 73.3± 1.1 km s−1 Mpc−1 with and without
determination of the offset term, respectively, for either sample
including systematic uncertainties in the SH0ES distance

Figure 3. The Milky Way Cepheid period–luminosity relation in the HST NIR, reddening-free (Wesenheit) system as calibrated with three parallax samples.
Parallaxes from HST spatial scanning (R18b) for eight Cepheids are in blue and yield 3% precision in the mean. The 66 points in gray (R21) using Gaia EDR3
Cepheid parallaxes with simultaneous calibration of the parallax offset. The red points come from cluster Cepheids and are less dependent on parallax offset
calibration as they are measured in the range where Gaia is best calibrated. These samples differ in their parallax precision (inset) with the cluster parallaxes reaching
∼10 μas uncertainties leading to the low dispersion of σ = 0.07 mag for the cluster Cepheids. The dotted line (upper) shows the reference luminosity for the distance
ladder.
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Individual 
Cepheids

Cluster Cepheids

Improving the Milky Way Calibration with Cepheids in Clusters



• NIR Crowding (from red giants) not a systematic (bias removed using artificial 
stars) but can be largest source of  PL scatter (i.e., statistical noise).  

What Can JWST Do?  Provide an Uncrowded View!

HST WFC3-IR

JWST NIRCAM

Uncrowding Cepheids in the 
Near-Infrared

Resulting images

Depth

Depth

Cepheid

Uncrowding Cepheids with JWST

➞  NIR crowding is not a systematic: it is a bias that can be removed using artificial stars simulations,  
it produces additional scatter in the P-L relation (statistical noise)

Credit: B. Trahin
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Crowding

2. Determination of the background and covariance: As
in R16, artificial stars are added in the F160W images in
the vicinity of each Cepheid at the apparent magnitude
expected from its period and trial fits of the P–L relation.
The difference between the input and recovered magnitudes
is used to refine the initial estimate of the sky background
and revise the Cepheid photometry. This process is
necessarily iterative as the P–L relation used to predict
the magnitude of a given Cepheid from its period is
determined after correcting the photometry based on the
retrieval of the artificial stars. Thanks to greater processing
power, we increased the number of iterations since R16 and
found that in some cases the iterations in our previous work
were not adequate (as they had not fully converged). The
new process fully converges with improved determination
of the trial intercepts and slopes, and we use the final
iteration to estimate a systematic uncertainty of 20% of the
background (in units of the Cepheid magnitude correction)
as the covariance “error floor” of any pair of Cepheids, j, k
in the same ith host, given by

= ( )( ) ( )C 0.2 bkgd bkgd . 8i j k i j i k, , ,bkgd
2

, ,

This provides a systematic uncertainty in the range of
0.03–0.06mag for all Cepheids within each host, with the
term “bkgd” representing the change in Cepheid magnitude
due to the addition of the mean level of the crowded
background from unresolved sources derived from the
artificial stars. The artificial-star magnitudes are determined
from the trial P–L relations of each host independently
from every other host so there is no source of background
covariance between different hosts.

3. Reference Files: The photometry benefits from the latest
STScI data pipelines, including new flat fields (with
better “blob” mapping), bias frames, long-history dark
frames, pixel-based CTE corrections for optical data, and
geometric-distortion corrections, yielding improved
alignment between the optical and NIR frames.

4. Count Rate Nonlinearity (CRNL): We adopt a new
calibration of the WFC3/NIR CRNL (Riess et al. 2019b).
By convention, this is applied to Cepheids in anchors
between their flux and the background level of Cepheids
in SN hosts.

5. M101 long-period Cepheids: A reexamination of the
Cepheids in M101, together with simulations, revealed
that the baseline of the original monitoring campaign
(carried out in 2006 and reported by Mager et al. 2013)
was too short to provide reliable periods for apparent
Cepheids with P> 35 days (equivalent to 1.2× the time
span of the observations). Two additional epochs
obtained 7 yr later and separated by a week are
insufficient to resolve the issue because at these periods
the two epochs provide effectively only one phase
measurement, and the prevailing period uncertainty of
>0.5 days makes the phasing of the two sets unreliable.
For that reason we exclude M101 Cepheids with P> 35
days (about 10% of the sample used by R16).

6. We correct Cepheid periods to rest-frame values owing to
(1+z) time dilation (Anderson 2019), a small (given our
typical z≈ 0.005) but one-sided effect.

We note that the Cepheid color measurements, V− I,
employed in Equation (7) to determine the baseline value of

Figure 8. Comparison of Cepheids measured in a dense (inner) field (in red) and sparse (outer) field (in blue) of NGC 4258. Because these Cepheids are at the same
distance, the comparison shows the accuracy of the background estimates, which differ in the mean over the same sampled range, < <( )P0.7 log day 1.2, by
0.45 mag (relative to the Cepheids) yet yield a consistent intercept with σ ≈ 0.05 mag. The difference in metallicity between the samples, Δ[O/H] = 0.08 dex,
corresponds to a difference of 0.02 mag, smaller than the precision of this comparison.
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✦ Previously corrected with artificial 
star tests.

✦ Period-Luminosity relation is more 
scattered for stars in crowded regions.
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✓ Dispersion reduced by a factor 2.5  
✓ Better precision for distances 
✓ Excellent agreement with HST: no biais in H0

Riess+
2023

HST vs JWST Stamps, all hosts, two examples at Periods ~ 40 days

HST 1.5!m 

JWST 1.5!m 

HST vs JWST Stamps, all hosts, two examples at Periods ~ 40 days

HST 1.5!m 

JWST 1.5!m 
JWST 1.5 μm (F150W)HST 1.5 μm (F160W)

HST

JWST

(N=42)

(N=24)

Riess+
2024

2nd rung galaxies (SNIa hosts)  
observed with JWST

Crowding



The Perfect Host: NGC 3447

Spiral galaxy:          Cepheids form on top of old populations.  
Tidal companion:    No old population  ➞  no background!

2 Riess et al.

1.1. NGC3447A as the “Perfect Host”

NGC3447, the host of SN Ia 2012ht, is one of 37 hosts of 42 Type Ia supernovae (SNe Ia) in the sample used by Riess
et al. (2022, hereafter R22) to measure the Hubble constant and is at the mean distance of the sample, D → 25 Mpc. It
is known to be an interacting galaxy system and in the literature is frequently decomposed into NGC3447, a disturbed
intermediate-luminosity barred spiral, and NGC3447A, 1.2 mag fainter in the B band, a tidal dwarf-like companion
connected by a bridge-like filament as shown in Figure 1. Near NGC3447A, there appears to be another distinct
object, with its center lying outside the WFC3 field of view. This third object appears to have a largely older stellar
population, but is clearly o!set from NGC3447A in position. We posit that this is a distinct dwarf galaxy overlapping
in projection, likely still part of the same galaxy group, but not directly connected to the tidal dwarf NGC3447A.
According to the study of the NGC3447 system by Mazzei et al. (2018), “[t]he global morphology suggests, as a

working hypothesis, an ongoing head-on encounter.” Their simulations indicate that both components are part of
the same perturbed halo which likely su!ered a major encounter with another massive halo ↑ 300 kpc away, recently
producing gravitational instabilities in the NGC3447/3447A and tidal star formation, with a B-band-weighted stellar
population age of 1.3 Gyr. They also provide a list of galaxies residing in the same group with perturbed morphologies,
indicating there is no lack of candidates for the encounter with NGC3447.
While the origin story for the system presented by Mazzei et al. (2018) appears plausible, we note that its accuracy is

not of relevance for the utility of this system for testing Cepheid distances. Regardless of the true origin of the system,
the key point relevant to this paper is that the object we refer to as NGC3447A is a distant (D > 20 Mpc) SN Ia host
containing an abundant collection of Cepheid variables which are not superimposed on an older stellar population, thus
e!ectively eliminating the primary source of crowding in the JWST imaging. Indeed, such systems, while rare, are
not that unusual, such as tidal dwarf galaxies (TDGs) in interacting systems (e.g., NGC5291, NGC4694, NGC7252;
Lelli et al. 2015), which consist of young stars formed in situ from the tidally expelled gas. It is this lack of the old,

Figure 1. Left: Color image (red-green-blue) of the NGC3447 field, generated from HSTWFC3/UVIS imaging (F814W/F555W+
F814W/F555W ). The tidal companion (NGC3447A; left) and the main body (NGC3447; right) regions used in this paper are
delineated using dashed ellipses (the region to the lower-left of the yellow dashed line in the dwarf region was further excluded,
to remove a separate dwarf in projection). Right: Zoom-in views that show color JWST/NIRCam (F277W/F150W/F090W )
imaging from a region within the dwarf (top) and the main body (bottom). These two cutouts are shown with identical stretch
and contrast (drawn from the same parent image) to highlight the lack of crowded stellar background in the dwarf region.
Cepheids are identified using yellow circles.

Riess+2025



The Perfect Host: NGC 3447

➞  Further 50% reduction in dispersion compared to nominal JWST, tightest P-L relation outside Local Group

➞  Again, great agreement between HST and JWST distances: 
crowding is ruled out as a possible source of the Hubble tension
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Spiral galaxy:         𝛔 = 0.19 mag 
Tidal companion:   𝛔 = 0.12 mag
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✦ HST and JWST Cepheid photometry in excellent agreement 

✦ HST with 42 SNIa hosts and 4 anchors still provides the strongest constraint on H0.  

✦ H0 strongly depends on the sample of SNIa host galaxies. 

✦ JWST subsample still too small to say anything conclusive on the Hubble tension.

Conclusion on Crowding



The Hubble Tension

All these recent improvements, and 
the growing confidence that we're 

not missing an "unknown"  
systematic, reinforce the Hubble  

Tension and improved the  
robustness of the Cepheid-SNIa 

distance ladder.  

But... 

Other techniques should/can be 
developed and refined! Especially  

if they are independent from  
Cepheids and SNIa



1)  Introduction: The Hubble Constant (H0) 

2)  Two ways to measure/infer H0 

3)  The Cepheid–SNIa distance ladder 

4)  Systematics in the Cepheid–SNIa distance ladder 

5)  An independent "Type II" distance ladder 

6)  Conclusion & Perspectives



A Type II Distance Ladder with TRGB & SBF

Globular Cluster 
10 kpc

M32  
(Andromeda Satellite) 

770 kpc

M49  
(Virgo Cluster) 

16 Mpc

Surface Brightness Fluctuations (SBF) 

✦ Number of stars/pixel varies with galaxy distance, 
more distant galaxies look smoother. 

✦ SBF vs Type Ia supernovae: 
‣ No shortage of targets 
‣ Only need single epoch of data 
‣ ~ 4-5% precision per target

Tip of the Red Giant Branch (TRGB) 

✦ Correspond to the brightest ascent of red giant 
stars before they undergo the helium flash. 

✦ Highly efficient: need less telescope time than 
Cepheids, don’t have to measure a light curve 

✦ Not limited to galaxies with young stellar 
populations (unlike Cepheids)

Anand+2021



A Type II Distance Ladder with TRGB & SBF
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All with a single detector!  

JWST NIRCam

The TRGB-SBF Project:  
awarded JWST time through 4 proposals  
(PI/Co-PIs R. Tully, J. Jensen, G. Anand),  

120 GO hours + 300 Survey targets 
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Credit: D'Arcy Kenworthy

Conclusion

Not just a Planck vs SH0ES issue. Some recent results: 

✦ Parallel SNe Ia distance ladder focusing on early-type SN Ia hosts anchored to TRGB,                             
H0 = 75.3 ± 2.9 km/s/Mpc (Newman & Larison+25). 

✦ Distance Network approach to combine various community results with appropriate covariance 
weighting, H0 = 73.5 ± 0.8 km/s/Mpc (The H0DN Collaboration, Casertano+2026).
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Why did Edwin Hubble measure a H0 value 7x too high?
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First Hubble Diagram (Hubble 1929)


