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Type Ia Supernovae — redshlft(z)
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Type Ia Supernovae — redshlft(z)
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Cepheid Variables
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Cepheid PLR
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Two Rung Distance Ladder
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Two Rung Distance Ladder

SN la are great, but each rung must be checked

 Goal: SNe la independent measurement of HO
from SHOES Cepheid distances

* Obstacle: median redshift of sample is

z ~ 0.006, peculiar velocities are ~20% of the
signal, correlated across the sky

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 Kravisov.
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Peculiar Velocity Reconstructions
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Figure Credit: Carrick et al. 2015
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Peculiar Velocity Reconstructions

Coherent-Flow (N = 584)

® Zo = Gal+ T15 Group Avg —&— z<0.08 (N=584)
Zhel = Gal --A- z< 0.5 (N=1384)
e Solution: Peculiar Velocity Reconstruction: 50 1
e (Galaxy redshift surveys , of @ -
AX o
* [wo of interest # A
_50.. \N /.
e Carrick et al. 2015 o
—100 - A’_
* Lilow and Nusser 2021 :
* Uncertainties unclear § 5,’ +§ 5 g,’ m;é’ § g 8 é,g éfg
= £f £ 9 9 &6 F 0 S &
 Correlations remain . 8 T T Q@ g~ g o
= = + 9 TRV
O N ] N > + ‘f\- Q @)
s N s 4G
L L N
-l O & 3
L Il
@)

W. D’Arcy Kenworthy,



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

Peculiar Velocity Reconstructions

Coherent-Flow (N = 584)

e Solution: Peculiar Velocity Reconstruction:
* Galaxy redshift surveys
* Two of interest
* Carrick et al. 2015
* Lilow and Nusser 2021
* Uncertainties unclear

e Correlations remain
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Power Spectra
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Velocity Covariance
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Cosmology Dependence?

* |s our final measurement dependent on
ACDM?

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

Unmodelled

(PV)

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

0]

 Marginalized over cosmology parameters

(PV)
Structure

0]
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Cepheid Systematics

z(SHOES)
e Systematics included in covariance instead
of analysis variants "
.
 Accounted for: ."-.

. Metallicity scale ."'-____.

* Reddening/extinction

e P-L law

. Covariance in Cepheid distance measurements
e outlier treatment

Figure Credit: Kenworthy et al. 2022
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Selection Effects

e Galaxies « d?

* Implies a distance-dependent bias Iin AE 209 - —— Sim. Distance-limited
redshifts e —— Sim. Redshift-limited
Py
« Same effect seen in Pantheon+ analysis % 20% -
N
 Two scenarios for SHOES Cepheid | 0% pmmm S
samples: >
N —20% -
- Distance-limited: SHOES used SN v , —
magnitudes to target nearby galaxies 1072 1072

Zsim
 Redshift-limited: SHOES used redshifts

to target nearby galaxies Figure Credit: Kenworthy et al. 2022, Brout et al. 2022
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Selection Effects
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Modeling

* Hierarchical Bayesian model allows us to
simultaneously model:

—==- Hy=67.4 km s~ Mpc™! ,/’::/
* Parametrizations of reconstruction 3357 oo Ho=73.1km s~! Mpc™? il
33.0 - %
* Correlations of sample * P
32.5 - >
. . . . & >
* Unique distance-redshift relations on 3 32.0- o
: : 3 | )T((—/L,+
each line of sight " S_ar_ﬂz .-
. = /%——
e Selection of SHOES sample from Hubble 31.0 - el
flow s054| oo k
* Cepheid systematics 3x1077  4x107° 61073 10-2
Z0bs

Uncorrected Hubble Diagram
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Modeling

* Hierarchical Bayesian model allows us to
simultaneously model:

 Parametrizations of reconstruction me Hy=72.4 km s-1 Mpc-1 e
¥ Corrected redshifts

* Correlations of sample 33.0- Hﬁ" ﬁ‘

32.5 A
* Unique distance-redshift relations on < ;7—;’?
: : 32.0 A -
each line of sight 9 X R —
31.5 A ﬁ
] » /,/ —_——
* Selection of SHOES sample from Hubble 1o o
flow =
3051 TR
* Cepheid systematics TIxi07 axiot e i
Z(LOO)

cosm

Assuming distance-limited selection, using Carrick
2015 reconstructions, and fitting PV amplitude

e | eave-one-out cross-validation
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Residuals
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Residuals
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Cepheid/SN comparison

 Check on agreement of the two

. y* ~ 50 with 72 DoF >l | | | | |
¢
3 o.o———-+--+--I-_iﬂ.#;.{i_{q*ﬂ.rhﬂ‘_{._{i_ﬁ__
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Inferred McCepheids (mag)

Figure Credit: Kenworthy et al. 2022
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Results

Evaluated 12 variant treatments of selection and 0.8 - —— SHOES Two Rung
modeling to evaluate associated systematics (\ — SHOES Three Rung
0.6 - —— Planck 2018
LL
Without galaxy reconstruction 0 04-
+4.5 ~1 ~1
71.67,2 km s™" Mpc .
Fiducial Result: 72.8*> km s~ Mpc™! 0.0- — — |
‘ 60 638 70 712 74 76 78 380
2.40 discrepancy with Planck Ho (km s~ Mpc~1 )

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

 Messing with type la SNe alone cannot 0.8 - —— SHOES Two Rung

reduce tension below 2.4¢ (\ — >HOES Three Rung
0.6 - —— Planck 2018
* Peculiar velocity flow corrections are pretty E
: . : 0.4 A

good (36 significance from Cepheids -
alone!) 0.2 -

 Extremely low redshift physics solutions 0.0 - . . —|
also challenged (sample median at 20 o %8 e e e s @
Mpc!) Hy (km s™ Mpc™* )

Figure Credit: Kenworthy et al. 2022
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SNe la

 SNe are necessary to measure the Hubble

tension precisely

* Supernova la sample is extremely well

constrained

W. D’Arcy Kenworthy,

darcv.kenworthy@fysik.su.se
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Voids at ~ Gpc scales?

* @Grey, underdense region will expand more
quickly than black background

* Under-density increases local Hubble
constant

% change in Hy ~ — 1/6 X % change in
density

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

W. D’Arcy Kenworthy, darcy.kenworthy@fysik.su.se Oskar Klein Centre, Stockholm University
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Voids at ~ Gpc scales?
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Difference in H, when measured above and below z,,;, There is no
evidence for a void biasing the local measurement of the Hubble
constant at any redshift. Smoothed for visualization
Figure Credit: Kenworthy et al. 20719
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Crowded No More
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Cepheid Crowding

Uncrowding Cepheids in the ' HST WFC3-IR
N'e_ar-Infrared .

Resulting images
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JWST!
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Cepheid PLR
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JWST Results

Riess+ 2016 (SHOES) < :
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Riess+ 2022 (SHOES) O E
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Planck + Pantheon SN (Hy =67.5) @ Cepheids (JWST)

Errors do nc;t include N4258 distance error for ease of comparison
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