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Line-intensity mapping

Bernal and Kovetz 2022
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Complementarity between LSS probes

Both practical and theoretical motivations

● Boost significance of LIM 
detection amidst noisy dataset 
(Chang et al. 2010, Pullen et al. 2018, CHIME+2022, many 
others…)

● Help reduce uncertainties in 
external datasets

○ Photo-zs (Alonso et al. 2017, Cunnington et al. 

2018, Modi et al. 2021), intrinsic alignments 
(Chung 2022) , delensing of CMB (Karkare 
2019)

● Improve constraints by 
combining probes

○ LIMx(LIM, galaxies, CIB, kSZ, …) 
(Sun et al. 2021, Zhou et al. 2022, Sato-Polito et al. 
2020, La Plante et al. 2020, so many more… )

● Relative distribution of probes 
is informative (Lidz et al. 2011, Silva et al. 2021, 

Breysse et al. 2019)

mailto:gsatopo1@jhu.edu


•  gsatopo1@jhu.edu  •  Gabriela Sato-Polito  •  Johns Hopkins University  •

LIM modelling

● “Painting” from halo/galaxy catalog 
(e.g. Li et al. 2016, Chung et al. 2019, Moradinezhad Dizgah et al. 2022)

● SAMs (e.g. Lagache et al. 2018, Yang et al. 2021)

● Hydrodynamic simulations (e.g. Lupi et al. 2020, 

Silva et al. 2021, Kannan et al. 2022)

● 21cmFAST/LIMFAST (Mesinger et al. 2011, Mas-Ribas 

et al. 2022, Sun et al. 2022)

● …
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LIM modelling
Skyline

(GSP, Kokron, Bernal 2022)

Multi-tracer lightcone catalogs

● “Painting” from halo/galaxy catalog 
(e.g. Li et al. 2016, Chung et al. 2019, Moradinezhad Dizgah et al. 2022)

● SAMs (e.g. Lagache et al. 2018, Yang et al. 2021)

● Hydrodynamic simulations (e.g. Lupi et al. 2020, 

Silva et al. 2021, Kannan et al. 2022)

● 21cmFAST/LIMFAST (Mesinger et al. 2011, Mas-Ribas 

et al. 2022, Sun et al. 2022)

● …
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Skyline
(GSP, Kokron, 
Bernal 2022)

Halos and galaxies

Gas properties

Extragalactic CMB 
foregrounds 

and 
galaxy weak lensing

Agora
(Omori 2022)
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Skyline structure
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Omori 2022

Skyline structure
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Riechers et al. 2019

Skyline structure
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Thorne et al. 2016

Skyline structure
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Interlopers and foregrounds

CII at z=5
Interloping CO(J=4–7)

CO(1➝0) obs. at 𝜈=26-33 GHz
+ PySM (synch, f-f, dust, AME)
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Skyline structure
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Power spectrum

 

E.g. Schaan & White 2021

LIM x LIM
Approx. ~ 

MeerKAT+DESI LRGs
and 

HETDEX (LIM+gals.)
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Voxel Intensity Distribution (VID)

● Probability P(T) that a voxel has a temperature T
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“Which halos does LIM measure?”
CO(1➝0), 
z~3
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Cross-correlations with Agora (Omori 2022)

● Consistent with Agora maps of CMB secondaries and galaxy shear catalogs
○ CMB lensing, tSZ, kSZ, CIB, radio galaxies
○ Galaxy shear and convergence

21cm x tSZ at 176GHz  Ly-𝛼 x CIB at 545GHz  
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Conclusions

Skyline is a playground for realizing a fully self-consistent multi-tracer sky

● Can be used to test and understand new summary statistics
● Include the effect of realistic observational contaminants and limitations
● Self-consistently model intensities, galaxies, and extragalactic CMB 

foregrounds!
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Simulation specifications

MDPL2 Skyline

Volume 1 h-3Gpc3 All sky (modes >1Gpc lost)

Redshift 0–15 (126 snapshots) 0–10 (due to mass res)

Mass res 1.5⨉109 h-3M
☉

Particles 38403
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Particle resolution effect

MDPL: 1Gpc    SMDPL: 400Mpc VSMDPL:160Mpc
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