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• LIM: use the integrated signal without requiring a detection threshold
• Information from all incoming photons, from all galaxies and IGM along the LoS
• Target a identifiable spectral line → know redshift → 3D maps
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• LIM: use the integrated signal without requiring a detection threshold
• Information from all incoming photons, from all galaxies and IGM along the LoS
• Target a identifiable spectral line → know redshift → 3D maps

What is Line-Intensity Mapping?

P. C. Breysse

∼ 4.5k hours of VLA 
can detect ∼ 1% of 

CO-emitting galaxies

∼ 1.5k hours of COMAP 
mapping CO intensity

fluctuations

Galaxy surveys: detailed distribution of brightest galaxies

Intensity maps: noisy distribution of all galaxies and IGM

Intensity traces density



What is Line-Intensity Mapping?

• Currently small experiments and pathfinders 
(except HI)

• Multi-tracer by definition

• Great overlap with galaxy surveys and CMB

• Great future: joint analyses, bigger z range, 
wider surveys, etc.

Bernal & Kovetz (2022)

HI surveys missing
(big, overlapping footprints)



Using LIM for local PNG: P(k)
• Intensity traces density: cosmological information degenerate with astrophysics

• Assumes:
• Observations in 80-310 GHz
• R =300
• Noise from interlopers
• Excellent observing sites (only instrument noise)
• Autopower spectrum: get to improve with x-corr.
• Optimal sky coverage

• See also Bernal+(2019), Moradinezhad Dizgah+(2018, 2019),
Liu & Breysse (2021),  Chen & Pullen (2022), …
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Using LIM for local PNG: P(k)
• Intensity traces density: cosmological information degenerate with astrophysics

• Limitations:
• Intensity maps are highly non-Gaussian: 

lots of information beyond P(k)
• More challenges for PNG from B(k)
• P(k) only depends on 1st and 2nd moments 

of the luminosity functions
• P(k) mostly relevant for cosmology, 

but degenerate with some astro
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Using LIM for local PNG: kSZ tomography

• ⟨"##⟩: LIM as tracer of LSS

• %& reconstruction

• multitracer LIM x velocity

• Higher z (bigger volume)

• Degeneracy with CIPs broken 

due to different z-evolution

See Neha’s talk for more in kSZ bispectrum and velocity reconstruction

Sato-Polito, Bernal+ (2021)

AtLAST



Using LIM for local PNG: VID

• Histogram: estimator for PDF -> given an astro model !(#$), sensitive to & ' → HMF

• HMF sensitive to PNG: )*
)+ ,-

= )*
)+ -

(1 + Δ2+3(45, 7))
• Analytic covariance to combine with P(k)

Sabla, Sato-Polito, Bernal+ (in prep)

SPHEREx, H8, 9 = 3.2 PRELIMINARY

Sato-Polito & Bernal+ (2022)



Using LIM for local PNG: SkyLine

• SkyLine: Mock LIM lightcones (almost any line, contaminants, etc), including also LRGs + ELGs

• Coherent with MDPL2 Synthetic Skies: CMB secondaries and galaxy lensing

Sato-Polito, Kokron, Bernal (in prep)

Omori (in prep)

• First mocks that self-consistently models 

line-intensity, galaxies and CMB secondaries

• Can be used to test PNG if initial halo 

catalog simulated with PNGs

LIM LRGs



Conclusions

• LIM holds a great protential for cosmology (and astrophysics)

• Reach for higher redshift and bigger volumes at lower cost

• Intrinsic multi-tracer nature + lots of overlap and synergies with other observables

• P(k), kSZ tomography, VID, … many different paths to probe local PNG, and distinguish
from similar k-dependent biases as CIPs

• Lots to do (challenges, new science cases): come talk to me if you’re curious!



Back up slides



Adapted from P. Breysse,
Background: Sci. Am.

, OIII, H!, H",…

(pre-reio)

21cm (post-reio)

Signal strongly depends on
astrophysical processes



, OIII, H!, H",…
Galaxy center

Adapted from Schaan & White 2021
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