
The Dawn
of Multi-Line

Intensity Mapping
Sarah Libanore

Ben Gurion University of the Negev

LIM25, Annecy, June 5th 2025



Observing Cosmic Dawn and Reionization

LIM25, Annecy, June 5th 2025



Observing Cosmic Dawn and Reionization

LIM25, Annecy, June 5th 2025



Observing Cosmic Dawn and Reionization

LIM25, Annecy, June 5th 2025

How to probe the beginning of reionization?

How does it depend on astrophysical and cosmological models?



Observing Cosmic Dawn and Reionization

LIM25, Annecy, June 5th 2025

Consistent Modeling
of Multi-Line

Cross-Correlations

How to probe the beginning of reionization?

How does it depend on astrophysical and cosmological models?



Consistent Modeling
of Multi-Line

Cross-Correlations

Observing Cosmic Dawn and Reionization

LIM25, Annecy, June 5th 2025

How to probe the beginning of reionization?

How does it depend on astrophysical and cosmological models?



Two compelling techniques

Simulations Analytics

LIM25, Annecy, June 5th 2025

Physical models Empirical models



Two compelling techniques

Simulations Analytics

LIM25, Annecy, June 5th 2025

Physical models Empirical models



Physical modeling

Two compelling techniques

Simulations Analytics

Approximations
Usually calibrated at low z

LIM25, Annecy, June 5th 2025

Physical models Empirical models



Physical modeling

Computational cost
Multi scale problem
Beyond    CDM cosmology?

Two compelling techniques

Simulations Analytics

Fast exploration of a wide
parameter space 

Approximations
Usually calibrated at low z

LIM25, Annecy, June 5th 2025

Physical models Empirical models



Physical modeling

Computational cost
Multi scale problem
Beyond    CDM cosmology?

Two compelling techniques

Simulations Analytics

Fast exploration of a wide
parameter space 

Approximations
Usually calibrated at low z

LIM25, Annecy, June 5th 2025

Physical models Empirical models



LIM25, Annecy, June 5th 2025

Libanore, Munoz, Kovetz, 2506.xxxxx



LIM25, Annecy, June 5th 2025

Munoz, MNRAS 523 (2023)

Cruz, Munoz et al., 2407.18294 (2024)

Libanore, Munoz, Kovetz, 2506.xxxxx

Effective Model for Cosmic Dawn 21cm



LIM25, Annecy, June 5th 2025

Computed from SFR-halo mass relation
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Computed from SFR-halo mass relation
Default based on UV luminosity function
Easy to customize

Effective Model for Cosmic Dawn 21cm 
Bubble model and reionization (*)

SECOND ORDER
LOGNORMAL

APPROXIMATION

LIM Power Spectra for Star Forming Lines
Cross-Power Spectra with 21cm (*)
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Option 1: Gaussian field from analytical
non-linear power spectrum
Option 2: Cell-by-Cell computation
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Stochasticity
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AUTO- & CROSS-POWER SPECTRACOEVAL BOXES & LIGHTCONES
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Thank you for your attention
& keep an eye on the arXiv!

slibanore/oLIMpus
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https://github.com/slibanore/oLIMpus
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Key approximation:

during cosmic dawn 



Epoch of Reionization: bubble model on maps (for now!)

Maps from Zeus21
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Maps and Cross Correlation Study
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Main Outputs

Analytical and in-box auto-power spectra 
Analytical and in-box cross-power spectra 



LIM25, Annecy, June 5th 2025

Libanore, Munoz, Kovetz, 2506.xxxxx

Comparison with other codes
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SPHEREx
Coherent treatment

of multiple lines
and multiple channels

Analysis of
current / upcoming

LIM surveys

Anti-Correlation
with 21-cm Probe of Reionization

Bridge with more complex,
simulation-based models

Reach out for new ideas!



Variability on astro and cosmo models?
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Star Formation
Efficiency

Sabti, Munoz, Blas, Phys.Rev.D 105 (2022) 4, 043518

Libanore, Munoz, Kovetz, arXiv:2506.xxxxx


