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LIM with CONCERTO

● CONCERTO
● On the 12m APEX telescope in Chile
● Measures the 3-D fluctuations of [CII] 

line at redshifts z > 5.2 (120-310 GHz)

● [CII] line intensity mapping
● One of the brightest emission lines
● Redshifted to sub-mm/mm 

atmospheric windows (for 4.5<z<9)
● Valuable dusty star formation tracer at 

high-z
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● Preparation of future experiments
● Investigate observational biases
● Create mock catalogs to perform end-to-end simulations
● Preparation of intensity mapping analysis tools and forecastsW
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Simulated Infrared Dusty 
Extragalactic Sky

(SIDES)
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       SIDES: CO recipe
Sargent et al. (2014)               

D
addi et al. (2015) 

Main Sequence galaxies: 

● L’CO(1-0) – LIR relation from Sargent+14 + 0.2dex scatter

● SLED = f · SLEDclumpy + ( 1 - f ) · SLEDdiffuse

● f is set to follow the relation: ICO54/ICO21 – mean radiation field 
(Daddi+15)                                              
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Main Sequence galaxies: 

● L’CO(1-0) – LIR relation from Sargent+14 + 0.2dex scatter

● SLED = f · SLEDclumpy + ( 1 - f ) · SLEDdiffuse

● f is set to follow the relation: ICO54/ICO21 – mean radiation field 
(Daddi+15)                                              

Starbursts:

● -0.46 dex shift in the Sargent+14 relation

●  Empirical SLED from Birkin+20

Sargent et al. (2014)               
Birkin et al. (2020) 



  

       SIDES: [CII] recipe

Schaerer et al. (2020)

● De Looze+14 L[CII] – SFR empirical relation 
(at z=0)

● Lagache+18 L[CII] – SFR relation based on 
semi-analytical model (z>4) - [CII] deficit

● From observations: De Looze+14 valid also 
for higher z (Schaerer+20, Carniani+20)

● Adding 0.2 dex scatter to L[CII] – SFR relation
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Code publicly available:
https://gitlab.lam.fr/mbeth
ermin/sides-public-release

Catalogs publicly 
available:
https://cesamsi.lam.fr/
instance/sides/home

https://gitlab.lam.fr/mbethermin/sides-public-release
https://gitlab.lam.fr/mbethermin/sides-public-release


  

       SIDES

SIDES successfully reproduces all the available observations 
of dusty-star forming galaxies
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       SIDES

SIDES successfully reproduces all the available observations 
of dusty-star forming galaxies
- Line luminosity functions
- CIB fluctuations
- Galaxy number counts
- Galaxy redshift distributions
- SFRD measurements
- Shot noise level of CO emission at 3mm

Béthermin, Gkogkou et al. (2022)



  

Field-to-field variance on the line 
intensity power spectrum



  

SIDES: From Bolshoi to Uchuu

2 deg2
122 deg2

N-body cosmological simulations: dark matter halo maps

Rodríguez-Puebla et al. (2016) Ishiyama et al. (2021)

Previous version of SIDES             Current version of SIDES



  

Field-to-field variance of the LIM power spectrum

Gkogkou et al. (2023)

Dividing SIDES-Uchuu into multiple 1 deg2 subfields → compute the variance of the power spectrum 
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Field-to-field variance: impact for various experiments

                                                                CO

Gkogkou et al. (2023)

● First generation experiments will all be significantly 
impacted by the field-to-field variance

● Experiments with larger field sizes will be less impacted 
(e.g., CCAT-p)

[CII]



  

Contribution to the shot noise

Cosmic Infrared Background (CIB)         vs                               Emission line [CII]

● The most contributing sources are the brightest ones
● Provide limited astrophysical information since bright sources can also potentially be found by line surveys 
● Very few sources may be detected by CONCERTO and we cannot mask them to reduce the shot noise

incomplete masking is not effective

Gkogkou et al. (2023)



  

Clustering and shot noise correlation

● Detection of high clustering level could 
be due to high shot noise level, instead 
of real high clustering signal

● Uncertain interpretation of the 
clustering power

Gkogkou et al. (2023)



  

Modeling the power spectrum
Work in progress



  

Halo model context

Describing anisotropies on both large and small angular scales

Dark matter lies within the collapsed and symmetric halos
All the galaxies reside in dark matter halos
Clustering =  one-halo term + two-halo term

A
s s

u
m

pt
io

n
s



  

Halo model context

Describing anisotropies on both large and small angular scales

Dark matter lies within the collapsed and symmetric halos
All the galaxies reside in dark matter halos
Clustering =  one-halo term + two-halo term

- Halo mass function (HMF)
- Halo bias between the halos and the dark matter
- Halo density profile
- Halo occupation distribution (HOD):
   a prescription for filling the DM halos with galaxies

A
s s

u
m

pt
io

n
s

In
g r

e d
ie

n
t s

Em
is

si
on

In
gr

ed
ie

n
ts - SFR recipe

- SED templates
- Scaling relations + scatter



  

Halo model context

Describing anisotropies on both large and small angular scales

Dark matter lies within the collapsed and symmetric halos
All the galaxies reside in dark matter halos
Clustering =  one-halo term + two-halo term

- Halo mass function (HMF)
- Halo bias between the halos and the dark matter
- Halo density profile
- Halo occupation distribution (HOD):
   a prescription for filling the DM halos with galaxies

 Linking: baryonic accretion rate – star formation rate (SFR)
                  SFR – galaxy emissivity
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HOD modeling: CIB (similar for the lines)

● Fitting the model to Planck obs. data
● Can we trust the retrieved parameters?

Maniyar et al. (2021)

best-fit parameters



  

Modeling: HOD

● Fitting the model to Planck obs. data
● Can we trust the retrieved parameters?
● Comparison with SIDES mock data

best-fit parameters ηmax, Mh,max, σMh(z)



  

Modeling: HOD

● Fitting the model to Planck obs. data
● Can we trust the retrieved parameters?
● Comparison with SIDES mock data
● Good fit but wrong best-fit parameters



  

Modeling: HOD

● Fitting the model to Planck obs. data
● Can we trust the retrieved parameters?
● Comparison with SIDES mock data
● Good fit but wrong best-fit parameters

Investigating where the HOD prescription fails
 - SFR 
 - SED
 - HMF
 - halo bias model
 - Matter power spectrum

CIB
Lin

es



  

Modeling: HOD

Investigating where the HOD prescription fails
 - SFR 
 - SED CIB

Lin
es



  

Modeling: HOD

Investigating where the HOD prescription fails
 - SFR 
 - SED

- HMF
 - halo bias model
 - Matter power spectrum

CIB
Lin
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Summary

● Combining SIDES-Uchuu: powerful tool to prepare intensity mapping experiments (expected 
signal, CO vs [CII], field-to-field variance)
- Public code
- Public catalogs/cubes

● Power spectrum field-to-field variance:
- current generation of LIM experiments will be affected by it (≥ 20%)
- model: we understand it and future experiments can be optimized

● The brightest sources contribute the most to the shot noise → no information for the abundant 
faint sources

● Significant level of correlation between the clustering and the shot noise power

● Modeling of the line power spectrum: investigating whether the widely used HOD models are 
realistic and informative before using for the lines
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● Combining SIDES-Uchuu: powerful tool to prepare intensity mapping experiments (expected 
signal, CO vs [CII], field-to-field variance)
- Public code
- Public catalogs/cubes

● Power spectrum field-to-field variance:
- current generation of LIM experiments will be affected by it (≥ 20%)
- model: we understand it and future experiments can be optimized

● The brightest sources contribute the most to the shot noise → no information for the abundant 
faint sources

● Significant level of correlation between the clustering and the shot noise power

● Modeling of the line power spectrum: investigating whether the widely used HOD models are 
realistic and informative before using for the lines

Thank you!



  

Back up



  

       SIDES: Abundance matching

● Most massive galaxy to 
the DM halo with the 
highest velocity (vpeak)

● Scatter of 0.2 dex

● Subhalos included

Stellar Mass Function DM halo vpeak function

Gkogkou et al. (2023)



  

       SIDES: Passive vs Star forming galaxies

Probability of a galaxy at a given stellar 
mass and redshift to be star forming

Davidzon et al. (2017)

Béthermin et al. (2017)



  

       SIDES: Main-sequence vs starburst galaxies

● Observed evolution of the 
Mstar–SFR relation → main 
sequence (MS) galaxies

● 0.3 dex scatter

● Starbursts: galaxies with 
higher sSFR than MS

Schreiber et al. (2015), Ilbert et al. (2015)



  

       SIDES: [CI] recipe

Valentino et al. (2020b)

● Calibrated empirical relations

● Used [CI] data from Valentino+20b 

● 0.2dex and 0.19dex scatter correspondingly

Béthermin, Gkogkou et al. (2022)
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