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Introduction



> 5σ Disagreement, a Familiar Figure
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> 5σ Disagreement, More Comprehensive Picture

ΛCDM+Early Universe:

• ΛCDM+CMB

H0 = 67.24± 0.35 km/s/Mpc

• ΛCDM+BBN+BAO

H0 = 68.51± 0.58 km s−1Mpc−1

Model-independent Local Distance

Measurements:

• H0 ≈ 73 km s−1Mpc−1

• H0DN

H0 = 73.50± 0.81 km s−1Mpc−1

(7.1σ vs. CMB+ΛCDM)
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> 5σ Disagreement, Early vs. Late Universe
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H0DN: Focus on Community Consensus and Transparency

• ISSI Bern workshop

“What’s under the H0od?”

• Community-driven with

35+ experts across sub-fields

• Anonymous and blinded votes

on baseline & variants

before seeing combined H0

• Relies on published data

• Open access code and data

4
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Fundamentals



A Generic Distance Ladder

PDI = Primary Distance Indicator

SDI = Secondary distance indicator
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Geometric distances to PDI
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nearby SDI
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Cosmology: H0

infers
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From Ladder to Network
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From Ladder to Network

DEB

Parallax

Masers

Cepheids

TRGB SBF

FP

SNeIa

SNeII

TF

SNeII
EPM

JAGB

Miras

SH0ES

CCHP/EDD

Pop-II

MCP

Pop-I

CF4

Pop-Mix

DESI

adh0cc

The Local Distance Network to H0

Multiple anchors × Multiple Primary Indicators × Multiple Secondary Indicators × Direct Distances to Tracers

−→ full covariance-aware combination in a single fit 7



The Baseline Distance Network
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Methodology



One Linear(ized) System Captures the Full Distance Network

System of equations AX = Y with the covariance matrix C for the data Y

χ2 =
(
Y − AX

)T
C−1

(
Y − AX

)

• X – Parameters: host distances µi , group µg , µComa, abs. magnitudes MSDI,

log10H0

• A – Coefficient matrix: maps parameters to observations

• Y – Data: measured distances, magnitudes, intercepts

• C – Covariance: off-diagonals for shared anchors, MAS, HMS
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Generalized Least Squares with Pseudoinverse

• Best Linear Unbiased Estimator (BLUE)

All measurements combined simultaneously

• Weight matrix:

W = C−1

Singular C uses the Moore–Penrose inverse.

E.g., baseline fit has 255 equations but 183 measurements

• Estimator:

X̂ =
(
ATWA

)−1
ATWY

where the covariance structure of X̂ is encoded in
(
ATWA

)−1
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Coefficient Matrix A, Parameter Vector X, and Observation Vector Y
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Host block: off-diagonal σ2
HMAS encodes shared anchor, method-anchor-source (MAS), and host-method-source (HMS) uncertainties.
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The Code



Development of the Code

• Original code in IDL

• Implemented in Python for better public access

• Goals: Transparent and easily reproducible results for the paper, extensibility for

future

• Both versions along with the data files are available at:

https://github.com/StefCas789/H0DN
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Usage

17



User Oriented View of the Code

.dat files
hosts, calibrators,

HF, masers, groups

Load & Filter
exclusions, inclusions,

rung equalisation

Build Equations
A, Y, C

α intercepts

Solve GLS
pseudoinverse,

normal equations

Output
H0 ± σ

χ2, JSON

config.ini

18



One Config File Controls Everything

• Define the network in a single

config.ini file

• Toggle nodes on or off and choose

different data options for each node

• Include or exclude subsets within

datasets, with wildcard support

• Select analysis settings such as

velocity corrections and uncertainty

parameters

• Run batches with variants.ini

to modify any subset of keys per run

config.ini (excerpt)

datadir = ../data

host_data = host_data.dat

sn1a_calib = sn1a_calib.dat

sn1a_hf = sn1a_hf_pp.dat

sn1a_hf_cov = sn1a_covar_pp.dat

sn1a_vp = 2m++

sbf_calib = sbf_calib.dat

sbf_hf = sbf_hf.dat

mm = megamaser.dat

groups = groups.dat

host_exclude_list = *jagb*, *mira*, SMC

calib_exclude = M96, *1994*

q0 = -0.55
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Data Files Overview

Same files grouped by object/feature type:

Object/Feature

type

Compilation Files

Anchors - anchors.dat

Host distances - host data.dat, host data nomet.dat

SNe Ia

PP sn1a calib.dat, sn1a hf pp.dat, sn1a covar pp.dat

BayesSN sn1a calib bayessn.dat, sn1a hf bayessn.dat, sn1a covar bayessn.dat

CSP sn1a cal csp burns.dat, hf csp lluis v2.dat, hf csp lluis v2 cov.dat

SALT3 hf salt3.dat, hf salt3 cov.dat, rung3 salt3.dat

J sn1a calib J.dat, sn1a hf J.dat

H sn1a calib H.dat, sn1a hf H.dat

Coma coma sn.dat

SBF - sbf calib.dat, sbf hf.dat

SN II - sn2 calib.dat, sn2 hf.dat, epm.dat (not a cov file)

Tully-Fisher - tf calib.dat, tf hf.dat

Other - megamaser.dat, epm.dat, groups.dat, coma sn.dat
20



Closing



The H0 Distance Network: Key Takeaways

• Community consensus approach to local H0

• Covariance-aware, multiple indicators, single simultaneous fit

• H0 = 73.50± 0.81 km s−1Mpc−1 (7.1σ vs. CMB)

• Variants for robustness testing

• Data from published measurements

• Open source code implementation

https://github.com/StefCas789/H0DN
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Please report issues, bugs and feature requests...

Thank You
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