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The Chicago Carnegie Hubble Program (CCHP)
Three Independent Astrophysical Distance Scales




Recent Measurements of the Hubble Constant

Hy, With Time
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Recent Measurements of the Hubble Constant

Hubble Constant Over Time
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Freedman (2021) ApJ, 919, 16

Take Away Point:

There are two ‘tensions’.

1.

Between SHOES and the
CMB
[physics beyond A CDM?]

Between SHOES and the
CCHP

[astrophysics?]
[calibration errors?]
[crowding/blending]
[issues with supernovae?]



HST Near-IR Data

A Cepheid in
NGC 7250 at a

distance of 20
Mpc.




New JWST Near-IR Data

A ' N A Cepheid in
& NGC 7250 at a

distance of 20
Mpc.
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Our Initial Blinding Procedure

 Random numbers applied to each of our photometry catalogs

 All initial analysis carried out with arbitrary zero points and no /
knowledge of distances or H,

(photometry quality cuts; PL relations for Cepheids; artificial star ‘
tests; Luminosity functions for TRGB and JAGB) i

* JAGB analysis was carried out completely before unblinding




CCHP JWST Program

Three Independent Methods in the Same SN la Galaxies

NGC 4536

1. Tip of the Red Giant Branch (TRGB)
2. JAGB/carbon stars

Luminosity

3. Cepheids

F115W mag (arbitrary offset)
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TRGB Results from JWST

NGC 1365

NGC 2442 -~ | NGc 3972
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Hoyt et al., ApJ, submitted, arXiv: 2503.11769




Progress in Measurement of Distances

TRGB vs Cepheid Distances
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The weighted average difference in
distance modulus (TRGB minus
Cepheid) amounts to +0.059 mag.
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Comparison of Previously Published
(Ground-Based + JWST)
TRGB and JAGB Distances

Comparison of JAGB and TRGB Distances
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Comparison of TRGB Distances:
CCHP TRGB (HST+JWST) vs SH,ES Cepheids (2024)

SHOES and HST + JWST CCHP TRGB Distance

(A (CCHP TRGB -R22)) = 0.024 + 0.023 ¢

o = 0.086 TRGB distances (JWST+HST):
WLF et al. (2019), (2024)
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Cepheid modulus

NGC 4258 Cepheid distances (HST+JWST):
Riess et al. (2022), (2024)
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Agreement at 0.02 mag level
or 1% in distance
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CCHP TRGB modulus

AjliccHP TRGB

NOTE: Distances have now converged to CCHP (2019) TRGB Distance Scale
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Comparison of SHOES 2016 vs 2022 Distances:
Systematic Differences

04 Comparison of SN distance moduli (R22 - R16)

(A M, ) (R22-R16) — -0.039 + 0.033

NAG30

31 32 33

#(R16) (mag)

WLF et al. (2025, ApJ, in press; arXiv 2408.06153)

Even for the nearest galaxies,
updated distances (SHOES 2016
compared to SHOES 2022) resulted in
a mean offset of 1.6%.

Some differences were as large as
15% in distance.

[For comparison, these amount to
almost twice the size of the H,
tension.]




Comparison of SHOES 2016 vs 2022 Distances:
Systematic Differences

Several sigma shifts in SHOES’ Cepheid flux Measurements

Term Description Riess+ (2016) Riess+ (2019) This waork

opL/ v Mean of P—L in SN la hosts .4

The average magnitude of a Cepheid
: ' ' "o-ic] in this galaxy shifted from R16 to
NGC 5584 1 R22 by -0.165 mag, equivalent to a
7.6% systematic shift equal to the
{1 entire size of the Hubble tension.
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1 This Cepheid-SN host has the
smallest quoted distance uncertainty
1 (0.05 mag, or 2% in distance) of the
T TS , : SHOES sample, i.e., it should be the
e best measured sample of Cepheids.

e
n

e
=

2

F <A>= 016580§2mg °

AF160W (R22-R16)

(&}

Taylor Hoyt — thoyt@Ibl.gov — ESO Bruno@65 HO — April 08 2025




Carnegie Supernova Project-I (CSP)
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M. Phillips, W. Freedman co- Pls



Carnegie Supernova Project (CSP)
Dealing With Systematics

SNooPy (C. Burns)
M. Phillips, W. Freedman, co-Pls

Well-sampled photometry and spectra

Magnitude
Normalized Flux

i 200 3 s S ] QY . .
- e ™ gy U0 % P Most extensive, self-consistent data set
for dealing with systematics

Input to MCMC analysis

log F, + constant

relative flux

5000 6000 7000 8000 9000 10000 . T 6000
Rest Wavelength rest wavelength (A)




Carnegie Supernova Project (CSP)

CSPI: N = 92
CSPII: N = 194

WLF et al. (2025, ApJ, 985:203; arXiv 2408.06153)




H,Results : CSP + TRGB

EMCEE + pymc analyses
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p(z, Ho, o) = 5 logio{ 2)} +25.

8 dimensions, 30,000 steps, 3000 step burn-in

Assume V.. = 240 km s (Brout et al. 2022)

Ho,=70.4 + 3% km s Mpc?
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Now that the distances agree, where is the
difference in H, between SH,ES and CCHP coming
from?



TAKEAWAY: SH,ES sample

* The current supernova sample is small: 37
distances (42 supernovae), some of which have
large uncertainties.

Half of the weight in the SH,ES sample comes
from just 12 supernovae (29 % of the sample).

The effective size of the R22 Cepheid sample is
equivalent to only 31 SNe la, or 74% of the total
sample.

* Thus an already small sample of 42 SNe la is not

providing 1//N statistical (increased sample
size) gains.




TAKEAWAY: CCHP sample

The CCHP (HST + JWST) supernova sample has
21 distances (24 supernovae)

The TRGB sample has an advantage that the
most distant galaxies (with the largest
uncertainties and therefore lowest weights) are
not in the sample.

Half of the weight in the CCHP sample comes
from 9 supernovae (38 % of the sample).

The effective size of the CCHP TRGB sample is
equivalent to 21 SNe la, or 88% of the total
sample.

V31 /+21=1.2

i.e.,the SH,ES and CCHP samples
are statistically comparable.

Conclusion: the reason for the
current difference between SH,ES
and CCHP is not the sample size.
It is the change in the apparent
magnitudes of SNe in the SH,ES
analysis.




Why Haven’t the H, Values Converged?

For reference:

< Au > =0.035 mag [1.6%] (Change in SH,ES distance moduli between 2016 and 2022)

< Amy> =0.03" mag [1.4%] (Change in P+ apparent SN magnitudes between 2016 and 2022)

AH, (2022 - 2016) = 73.04-73.24 =-0.2 km s Mpc? [0.3%] I.E., NO NET EFFECT ON SH,ES H,

** A difference of only 0.03 mag in the average magnitude of the local supernovae sample
corresponds to a 1.4% difference in H, , the entire quoted SH,ES uncertainty.




A. Discrepancies and Inconsistencies in Pantheon+
Systematic, redshift dependent bias in host mass estimates

PanPlus vs. Union Host Masses

0.5 dex systematic bias in Pantheon+ masses | SI)J\‘Slz;O.IS) S\ls‘qz<().15) Pan-STARRS(z < 0.15) I F«\ur\d.mm\{z(().l.‘%) CSP(z < 0.15) lOSSuz;(l.ISI

ALogMass o ALogMass o ALogMass o ALogMass ALogMass o AlogMass

eStlmated tO Z<0 ! 1 5 S N hOSt galaXIGS, o ;’0=.56013 +0.040 I’:’u: ]: nan .;’(LbéQSG +0.053 ;&4}1390: 0.020 ‘_V0=.46083 =0.040 1:'0:58191 *0.369

SDSS(z = 0.15) SNLS(z>0.15) Pan-STARRS(z > 0.15) FoundatioMz > 0.15) CSP(z=>0.15) 10SS(z=>0.15)
ALogMass ALogMass ALogMass ALogMass ALogMass ALogMass

Destroys internal Self-consistency Wlthin and 0.000 = 0.000 ® —_0.0"j’S =0.001 ®  (.001=0.001 nan * nan nan  nan nan = nan
N=216 N=150 N=191 N=1 N=1 N=1
across SN surveys.

This is the exact same discrepancy Efstathiou % eoe
commented on between Pantheon+ and DES
SNe. However, he claimed the DES SN
distances were biased, but the reality is the

reverse.

Amass (PanPlus - Union)

That is, the new masses estimated by l T4 B o New Pantheon+ masses introduce
Pantheon+ to z<0.15 hosts have O ‘ : . :
introduced an artificial redshift evolution , intemal, rdshitt dpendant b'?
that both suppresses the signal for within same surveys ( an
evolving dark energy and biases their HO ° PanSTARRS).

to higher values. . .

04 0.5
edshift
This mass bias results in a 0.02 mag bias in — |
the low redshift SN bin, which accounts for

half the suppression of evolving dark energy Pantheon+ Pantheon+ retained

and is equal to 2/3 of the Pantheon+SHOES . . .
total uncertainty on HO redetermined mass published mass estimates

Taylor Hoyt — thoyt@Ibl.gov — ESO Bruno@65 HO — April 08 2025




How Robust is the 5 6 Tension in H, ?

Correct Cepheid distances Hy = 71.2kms ! Mpc™!

Include SN uncertainty




Next Required Steps to Improve Accuracy

1) Increase the numbers of SN host galaxies with Cepheid, TRGB
and JAGB distances measured with JWST.

2) Strengthen Type la supernova absolute calibration
(spectrophotometry).

3) Demonstrate that galaxies with distances > 30 Mpc have no
systematic errors due to crowding.




Next Steps: Type la Supernova Hosts

NOTE:

JWST Observations Reject Unrecognized Crowding g
as an Explanation for the Hubble Tension 4

Apam G. RiEss,"? GAGANDEEP S. ANAND,! WENLONG YUAN,? STEFAN PMNO, ANDREW DOLPHIN,? .
LUCAS I\'I.RNTACRI,4 LOUISE BREUVAL,? DAN \é\(IJOLNIC,F’ l‘\[/IARSHALL PgRgIN,l AND RICHARD IF.{ AN][?E(J)RSONﬁ NO tests have been Cca rrlEd out > 40 MpC
There are no JWST data at these distances

Tests to date have only been carried out on
galaxies where there are no previous concerns

about the photometry

o JWSTHHST NIR (F555W,F814W,F150W)
o JWST NIR (FO90W,F150W)
o JWST MIR (FO9OW,F150W,F277W)

Riess+ 2024: rule out 0.3 mag at 40 Mpc (15%

in distance)

However, a 0.035 mag average shift

e (comparable to what has already been seen in

(m-Do (ST the nearby sample) would result in a change to
20 Mpc H, that exceeds the current total error bar.

JWST-HST (mag)

I Riess et al. 2024 I



Recent Results ACT DR6 arXiv:2503.14454

No evidence for new light, relativistic species. ‘

No evidence for self-interacting dark radiation. ‘

H,=69.9 % km/s/Mpc. ‘

“The mild hint of EDE in the ACT DR4 analysis was largely driven by a fluctuation
in the EE power spectrum at € ~ 500 and a broad trend in the joint ACT and
Planck TE power spectrum (Hill et al. 2022). Our analysis of the new ACT DR6
spectra is a high-precision test as to whether these features were the first hints
of a real signal, or simply a statistical fluctuation.”

“In general, models introduced to increase the Hubble constant or to decrease
the amplitude of density fluctuations inferred from the primary CMB are not
favored over zCDM by our data.”




THE ASTROPHYSICAL JOURNAL, 985:203 (31pp), 2025 June 1 Freedman et al.

Hubble Constant PDF's

== Planck H; = 67.4 £ 0.5 km s~! Mpc
= DESI Hy = 68.5 + 0.8 km s~! Mpc
= CCHP TRGB H; = 70.4 + 1.9 km s~ ! Mpc

Planck

CCHP TRGB

>
=
wn
=
Q
A
S
By
:-5
3]
2
@)
~
A
Q
=
+
=
Q
e

70 72 74
H,

WLF et al. (2025)




Concluding Remarks

JWST has ushered in a new era of accuracy in our measurement of H,, similar to what HST did three decades ago.

Independent distances from the TRGB and JAGB/carbon stars agree at the percent level. All three distance
measurements agree well at better than a few percent level.

Differences in H, are now coming from the nearby supernovae sample, not the calibrating distances. The nearby
supernova sample needs to be augmented and improved if we are to reach 1% accuracy.

[ Also issues with inconsistent low z vs high z bias corrections in Pantheon+
The Hubble tension goes away when treat low and high z consistently — and resolve DES/P+ discrepancy. ]

In addition, more JWST data at higher resolution will be required to measure H, at a 1% level.

Our CCHP TRGB (HST + JWST) sample is no longer subject to a small numbers bias and gives :

Ho = 70.4 km s Mpc? with a conservative uncertainty of < 3%







Comparison of TRGB Distances:

vs. CATS(S23)
Amedi = —0.011; 075" = 0.162

290 295 300 305 31.0 31.5
HywsT (mag)

Disagreement ~ 6.5% level
Scolnic et al. 2023

JWST vs CATS Distances

From Hoyt et al. 2024, in prep



Comparison of TRGB Distances:
JWST vs CATS Distances

vs. CATS(S23)
Awaug= 0.126; Udg_g,t - 0.272
Amegi = —0.011; 077" = 0.162

29.0 295 300 305 31.0 31.5
HjwsT (mag)

Disagreement ~ 6.5% level
Scolnic et al. 2023

&
<
g
=
wn
—
—
58

This Study
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Freedman+19 :

1.25 1.50 1.75 : ; ] 1.25 1.50 L75
F115W — F444W (mag)

0.75 1.00
F115W — F356W (mag)

From Hoyt et al. 2024, in prep



Comparison of TRGB Distances:
New JWST Measurements vs SHOES 2016 and 2022 Cepheid Distances

vs. SHOES (2016) vs. SHOES (2022)
Avavg= 0.088

Awaug= 0.025
Amedi=0.114 Amedi = 0.032
o . o =0.065

30

30 31
HywsT (mag)

ywsT (mag)

Disagreement ~ 4% level Agreement ~ 1% level
Riess et al. 2016 Riess et al. 2022




Metallicity coefficient ¥ (mag / dex)

Ripepi et al. 2021 Breuval + Riess et al. 2021 Udalski et al. 2001

Best estimates: -0.048< Yy <-0.251 y =0
-0.366 < y <-0.465

The Optical Gravitational Lensing Experiment.

Gaia EDR3 parallax measurements:
Gaia EDR3 measurements: Effect in near-infrared as large as in No Dependence o 1o oo e oiaion on Metallicity"
New spectroscopy optical, contrary to previous studies.

Ripepi et al. 2022 Gieren et al. 2021
-0.520< y <-0.725 -0.221< y <-0.335
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