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Models of the expected datasets are necessary

● to best design surveys that meet the various scientific objectives
● to understand the computational and data analysis challenges posed by the 

new observations
● to test/demonstrate the validity of ideas and approaches being developed for 

the specific experiment

“ab initio” approaches:

Full-hydrodynamical simulations
● sub-grid modelling uncertain
● HUGE computational cost

Semi-analytical
● degeneracy of model parameters
● lots of fine-tuning 

Empirical models

● no explicit modelling of baryon physics
● observed galaxy-simulated DM link is 

adjusted via tunable parameters
● tune ab initio models ⟶ help constrain 

relevant physical processes 
● fast and realistic (by construction) ⟶ 

forecasting results from obs.

on top of DM-only N-body sims

Preparatory science: what do you expect to see?



How to cook an empirical sky simulation

Observation

Observed
Statistics

Analytical
Relations

Tune the 
empirical model

(HOD, SHAM, ML, …)

Extract a mock sample
from the model

Add instrumental/observational effects

Massardi, M. (pvt)Amarantidis+23Image credits:                 Rivi+16

e.g.

Image credits:
Weaver et al., 2022

Image credits:
Lapi+2017

https://www.aanda.org/articles/aa/full_html/2023/10/aa46411-23/aa46411-23.html
http://dx.doi.org/10.1093/mnras/stw2041
https://www.aanda.org/articles/aa/full_html/2023/09/aa45581-22/aa45581-22.html
https://iopscience.iop.org/article/10.3847/1538-4357/835/1/37


“Painting” empirical sources: the ingredients

● Generate a mock-catalogue of realistic sources:
○ Active Galactic Nuclei
○ Star Forming Galaxies
○ HI Galaxies

● Link the first to the second with clustering 
properties from observations (i.e. the spatial 
distribution of object has the same statistical 
properties of the observed sky)

T-RECS

SCAMPy

● Simulate a Dark-Matter light-cone (full-sky) z < 8
○ detect DM-haloes (i.e. hosts of clusters)
○ detect sub-haloes (i.e. hosts of galaxies)

DEMNUNI

PAINT:

BRUSH:

CANVAS:



DEMNUni full-sky light-cone

● DEMNUni (Carbone et al., 2016 Parimbelli et 
al., 2022)
○ 2 Gpc/h box-side length 
○ 2x20483 particles (MDM ~ 1010 M

☉
) 

○ Minimum halo mass: ~ 1012 M
☉

● DEMNUni High Resolution 
(Hernández-Molinero et al., 2023,Verza, Carbone 
et al.,2024)
○ 500 Mpc/h box-side length 
○ 2x20483 particles (MDM ~ 108 M

☉
)

○ Minimum halo mass: ~ 1010 M
☉

● Note that we need both
○ Haloes (to apply the HOD on)
○ Sub-haloes (hosting single galaxies)
○ the hierarchy among thosePixel size = 0.06 deg

Final Light-cone:
Redshift: 0 < z < 8 Nhaloes ~ 39 x 109 Nsubhaloes ~ 44 x 109

(i.e. tage ~ 400 Myr) (of course > Nhaloes)

= Dark Energy and Massive Neutrino Universe 

https://ui.adsabs.harvard.edu/abs/2016JCAP...07..034C/abstract
https://ui.adsabs.harvard.edu/abs/2022JCAP...11..041P/abstract
https://ui.adsabs.harvard.edu/abs/2022JCAP...11..041P/abstract
https://iopscience.iop.org/article/10.1088/1475-7516/2024/01/006
https://ui.adsabs.harvard.edu/abs/2023JCAP...12..044V/abstract
https://ui.adsabs.harvard.edu/abs/2023JCAP...12..044V/abstract


T-RECS: mocking extragalactic radio sources
● Presented in 

○ T-RECS I: Bonaldi et al., 2019
○ T-RECS II: Bonaldi et al., including TR, 2023

● Generates catalogues of radio galaxies using radio 
evolutionary models

● Analytical models for a range of galaxy properties
● HI line emission
● Continuum X HI
● Source populations proportion, flux, size, shape 

etc. distributions consistent with data

Github: 
https://github.com/abonaldi/TRECS.git

Logo credit: E. Casetta

Mock catalogues of 
AGNs, SFGs & HI galaxies

Modelled separately!
(i.e. mocks can be selected in either 

population of sources)

https://ui.adsabs.harvard.edu/abs/2019ascl.soft06008B/abstract
https://ui.adsabs.harvard.edu/abs/2023MNRAS.524..993B/abstract
https://github.com/abonaldi/TRECS.git


Additionally, instruments for

● Cosmological modelling (+ implementation of halo-model)
● DM halo/sub-halo catalogues treatment
● Light-cone construction and coordinates transformation
● Implementation of several recipes for HOD/SHAM

The SCAMPy toolkit

● First Step: HOD
Halo Occupation 
Distribution

Clustering properties matched

● Second Step: SHAM
Sub-Halo Abundance 
Matching

Observational property matched

Resulting Catalogues

✔ Add unlimited number of 
baryonic properties

✔ Very fast!

❌ Scatter added by-hand
❌ Properties un-correlated

Public library on GitHub + docs on RTD (Ronconi+2020)
Version 2.0 under development

Designed for:
Subhalo Clustering & Abundance 

Matching (SCAM)
Tuned on: 1- & 2-point statistics of target

https://doi.org/10.1093/mnras/staa2201


1. TRECS ⟶ mock radio sources
2. HOD tuning on real data

○ abundances (1-point)
○ clustering (2-point)

(separately for HI & cont.)
3. SCAMPy ⟶ paint sources

     on lightcones

TRECS x SCAMPy x DEMNuni: Current results



Observables used in SCAMPy: clustering data

Continuum: Hale et al., 2018
we separate between AGNs & SFGs

Datasets for tuning HOD:
HI gxys: Martin et al., 2012

has a precise measurement of redshift

from 40% ALFALFA 
survey (Arecibo)

from the COSMOS 
field (VLA)

Active Galactic Nuclei

Star Forming Galaxies

https://ui.adsabs.harvard.edu/abs/2018MNRAS.474.4133H/abstract
https://iopscience.iop.org/article/10.1088/0004-637X/750/1/38


The simulated radio sky

● z <= 0.1
➔ Radius ~ 420 cMpc/h

● Continuum Galaxies: 
Flux in pixel

● HI galaxies: 
log-number in pixel

● res ~ 1 deg ● res ~ 0.5 deg

This is the sky we would like to see (do not include instrumental 
effects, systematics, observational limits)



Sanity check: clustering properties are recovered

● Continuum Galaxies
(here clustering properties
 of AGN+SFG)

● HI Galaxies
(here measured on a box)

Ok good, this should work by 
construction and indeed it does



Some derived relations (what do we learn)

● Continuum Galaxies
➜ some hints of mass-segregation 

between SFGs & AGNs

● HI Galaxies
➜ even though not instructed we recover 

independent results

Not many other ways to investigate 
on the galaxy-halo connection



The final light-cone has all the 3 populations together  

● Continuum-HI cross catalogues 
➜ too soon to call probably

(but at least we are in the same region)

Results up to z<0.5

✖  SFG
● AGN



Summary 

● Built a full sky Dark Matter -only full sky light-cone (with haloes and sub-haloes)

● Generated realistic distribution of 

○ Active Galactic Nuclei

○ Star Forming Galaxies

○ Neutral Hydrogen Galaxies 

● Painted the sources on top of the light-cone

● We are currently performing sanity checks on reduced versions of the light-cones 

○ in terms of depth (lower redshift)

○ in terms of Field Of View (not going full sky yet)

➔ full-sky light-cone with all the sources up to redshift 8

➔ public software code for the community to use in their applications

➔ reduced version of the DM-only light-cone to be used by the community

Final Product:



… and this is my last slide, THANKS!



T-RECS HI-catalogues



T-RECS continuum-catalogues


