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Projects overview

LUMINOSITY FUNCTION

we focus on the astrophysical properties of 
galaxies, investigating the power of LIM in 

determining the shape of the [CII] LF

Statistics:
[CII] power spectrum monopole

Method:
Bayesian inference to constrain

the moments and parameters of the LF

DARK MATTER

we study whether LIM is effective in 
distinguishing ΛCDM and ΛWDM

cosmological scenarios

Statistics:
[CII] power spectrum monopole

Method:
Bayesian inference to constrain

the mass of the DM particles
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Modelling the [CII] power spectrum
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Marcuzzo et al., 2025

Yan et al. (2020), Loiacono et al. (2021), Khatri et al. (2024)

Halo abundance matching:
[CII] luminosity function + halo mass function

HOD of [CII] emitters in MARIGOLD simulations 
(in reference to Emilio’s talk)

Several LF fits LCII-Mh relation
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Modelling the [CII] power spectrum
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 Error estimates and related results refer to a next-generation (FYST)DSS-like survey

Marcuzzo et al., 2025

CCAT-Prime Collaboration et al. (2023)

optimistic → high LF

pessimistic → low LF

Asurv = 16 deg2

R = 500
tsurv ≃ 32000 h (to keep the same PWN)
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PROJECT 1 – Constraining the [CII] luminosity function
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Constraints on clustering and shot noise components

shot noise

clustering

A = next-generation DSS
B = 10x wider

C = √10x more sensitive
D = wider and more sensitive

Fingers of God
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PROJECT 1 – Constraining the [CII] luminosity function
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first moment

second moment

A = next-generation DSS
B = 10x wider

C = √10x more sensitive
D = wider and more sensitive



PROJECT 1 – Constraining the [CII] luminosity function
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Constraints on the luminosity function parameters

normalisation

faint-end slope

break

A = next-generation DSS
B = 10x wider

C = √10x more sensitive
D = wider and more sensitive
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PROJECT 2 – Constraining the dark matter mass: CDM vs WDM
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The effect of warm dark matter
DM particles with non-negligible thermal velocities → small scale suppression → less (or absence of) small haloes

CDM WDM
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Bose et al., 2016

The effect of warm dark matter
DM particles with greater thermal velocities → small scales suppression → less (or absence of) small haloes

CDM WDM

Why [CII]?

21cm studies: Stiwell et al. (2014), Carucci et al. (2015)
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[CII] power spectrum in WDM cosmologies



PROJECT 2 – Constraining the dark matter mass: CDM vs WDM
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σ = [0-30] h -1Mpc
mWDM = [0.5-10] keV

σ = 5 h -1Mpc
mWDM = ∞ (i.e. CDM)

true values

8

we fit CDM mock data with WDM model

taking the two free parameters in the ranges

optimistic pessimistic

 We assume uniform priors for σ and marginalize over this parameter.

Fingers of God
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Priors for mWDM :

»  

» Jeffreys (non-informative) prior

1D marginalised posteriors

95% credibility levels on mWDM

we get the

and compute the
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Main limitation of our analysis

Low-mass haloes/faint galaxies give a negligible contribution to the LIM power spectrum



Summary and conclusions
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Assuming ‘our’ next-generation DSS survey, the LIM power spectrum of the [CII] emission line 
can be used to constrain the shape of the luminosity function and probe dark matter models:

✓ The clustering and shot noise components are constrained with a signal to noise ∼3 and ∼10 
in the pessimistic and optimistic scenarios, respectively.

✓ By deriving constraints on LF moments we find that 〈L2〉 is constrained with a signal to noise 
∼0.5 (pessimistic) and ∼14 (optimistic), but with increasing precision when having wider 
survey area and/or higher sensitivity.
Viceversa, 〈L〉 remains highly uncertain mainly due to degeneracy with RSDs → statistical 
uncertainty of ~50% even under the most optimistic LF and survey assumptions.

✓ The LF normalisation, Φ*, and break, L*, are well constrained, while the faint-end slope, α, 
remains unconstrained unless area and/or sensitivity are significantly increased.

✓ CDM and WDM can be distinguished up to mWDM≃3 keV, but only in the scenario with high LF 
and wide sky coverage.
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Many thanks for your attention!
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where

Useful formulae
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