
Mapping the Universe’s Expansion 
with Gravitational Waves and Neutral 

Hydrogen

Ulyana Dupletsa

International School of Subnuclear Physics
News from the Four Interactions

June 20th, 2024
Erice, Sicilia



ulyana dupletsa

What’s so 
special about

2

?

FLRW metric

Hubble 
Constant

Hubble 
Parameter



ulyana dupletsa

What’s so 
special about

➔ Age of the Universe 
➔ Size of the Universe
➔ The current expansion rate of 

the Universe
➔ The composition of the 

Universe
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~68%
~27%

~5%

dark energy

dark matter

what we know[Baumann 
Modern Cosmology]

dark 
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dark 
energy

radiation curvature
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Measuring the expansion: a distance-redshift relation
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[Hubble 1929]

Hubble Law
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[Data from review paper: ArXiv:2105208]

Tension!

[Riess et al. 2021]

[Planck Collaboration 2020]
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~ 90 BBHs 
+ 2 BNSs
+ 2 (3) NSBHs
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Gravitational Waves

[Schutz 1986]
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● Gravitational waves are self-calibrated distance indicators: cosmic rulers

● No direct redshift measurement from the gravitational signal
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Standard sirens
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➔ Methods based on complementary observations:
◆ Direct EM counterpart with GW170817 (bright sirens)
◆ Statistical association with galaxy catalogs (dark sirens)

➔ Methods based on astrophysical models:
◆ Source-frame mass modeling
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➔ Methods based on complementary observations:
◆ Direct EM counterpart with GW170817 (bright sirens)
◆ Statistical association with galaxy catalogs (dark sirens)

➔ Methods based on astrophysical models:
◆ Source-frame mass modeling
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➔ Methods based on complementary observations:
◆ Direct EM counterpart with GW170817 (bright sirens)
◆ Statistical association with galaxy catalogs (dark sirens)

➔ Methods based on astrophysical models:
◆ Source-frame mass modeling (spectral sirens)
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● Gravitational waves are self-calibrated distance indicators: cosmic rulers

● No direct redshift measurement from the gravitational signal
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Standard sirens
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Without GW170817 With GW170817

Bright Siren

Spectral Sirens

Dark Sirens (galaxy catalogs)

[LVK Collaboration 2023]
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Multi-Tracing 
Approach

[Millennium Simulation]
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Multi-Tracing 
Approach
BBHs and HI field follow the 
same LSS

[GitHub]

https://github.com/andrejobuljen/Hi-Fi_mocks
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Intensity 
mapping of 21cm 
line from neutral 
hydrogen

Future large scale 
structure surveys 
as SKAO

Resolved GW 
events from 
stellar-mass 
BBHs

Next-generation 
GW observatories: 
ET (+ CE)

[Dupletsa, Harms et 
al, 2022, 2024]
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Backup
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Poisson statistics
the events are 
independent!

Likelihood of 
single GW 

event

probability 
of 

detection

redshift 
probability

selection effects
[Mandel et al. 2019, Gair et al. 2023]

Hierarchical Bayesian Inference
[Dupletsa et al, 
2022, 2024]
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● For PE we want the evaluation of the full posterior distribution:
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model 
parameters

likelihood

prior
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Fisher Matrix Approximation

Fisher Matrix

forecasts!
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posterior

Fisher Matrix 
analysis
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LIGO 
Hanford + 
Livingston

Virgo

KAGRA
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[LVK Collaboration, 2020]


