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Preparatory science: “what do we expect to see?”

Models of the expected datasets are necessary

e to best design surveys that meet the various scientific objectives

e tounderstand the computational and data analysis challenges posed by the
new observations

e to test/demonstrate the validity of ideas and approaches being developed for
the specific experiment or synergies between experiments

Empirical methods
(not hydrodynamical nor semi-analytical)

built on top of DM-only N-body sims

no explicit modelling of baryonic physics

tuned on observational relations

realistic (by construction) — forecasting results from obs.



How to cook an empirical sky simulation
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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

[ CANVAS:
e Simulate a Dark-Matter light-cone (full-sky) z< 8 |:> DEMNUNI

o detect DM-haloes (i.e. hosts of clusters)
o detect sub-haloes (i.e. hosts of galaxies)

PAINT:
e GCenerate a mock-catalogue of realistic sources:

o Active Galactic Nuclei
o  Star Forming Galaxies :> T-RECS
o HI Galaxies

BRUSH:
e Link the first to the second with clustering
properties from observations (i.e. the spatial
distribution of object has the same statistical :> SCAMPy

properties of the observed sky)



DEMNUNI full-sky light-cone ‘

DEMNUnNi DM Field DM Haloes Sub-Haloes

group the
particles

flat ACDM with

Planck 2013 parameters full-sky light-cone

e Redshift:0<z<8
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9 e radius ~ 6 cGpc/h
® Mhan > 1010 Me/h

[e.g. Parimbelli, et al., 2022,
Verza et al., 2024]



https://iopscience.iop.org/article/10.1088/1475-7516/2024/01/006
https://ui.adsabs.harvard.edu/abs/2023JCAP...12..044V/abstract

T-RECS: mocking extragalactic radio sources »

e Radio Continuum e Hl galaxies
from 150 MHz to 15 GHz — theory @ TRECSHIgxys @ TRECS cross.
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https://ui.adsabs.harvard.edu/abs/2019ascl.soft06008B/abstract
https://ui.adsabs.harvard.edu/abs/2023MNRAS.524..993B/abstract

The SCAMPYy toolkit

Designed for:
Subhalo Clustering & Abundance
Matching (SCAM)

Tuned on: 1- & 2-point statistics of target population:

° First Step: HOD —=> Clustering properties matched

0.2 z=2 i | 3 (z=2) -
& —"
_ 00 ___i_+.3_n._‘_°__._.__‘_.__°_<2__t___*_- --——.-‘-o-o-o-._n..'_qlﬂ)_t_
LE 1 ®
=-0.2
v
£ 0.2 z=6 i + (z=8)
W& o P ¢ 1 ®
0.01———~— ¢ $%se0eoee T | ____ - —————#——‘—;+—¢-——4r—
| ¢
-0.2
hd ® :
-1.0 -05 0.0 0.5 1.0 -1.0 -05 0.0 0.5 1.0

log( r [Mpc/h] ).

° Second Step: SHAM —=> Observational property matched

v Add unlimited number of X Scatter added “by-hand”
baryonic properties X Properties un-correlated
v Very fast!

Resulting Catalogues

| e

Public library on GitHub + docs on RTD
(Ronconi et al., 2020, v2.0 in a-testing)
+ for EOR-people: toy-re-ionization

morphologies (ask if interested)



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

The simulated radio sky: cross-catalogues for free

HI Galaxies shown here: + (SFG + AGN)
: z<05 -

We made them in 2 flavours: This is the sky we would like to see:
e shallow: constrained by observations included: observational limits of
(142 point from Hale+2018, Martin+2012) the population
e deep: extrapolated to SKA-Mid proposed X not included: instrumental effects,

surveys (see e.g. SKA Cosmology SWG, 2020) systematics, foregrounds



https://ui.adsabs.harvard.edu/abs/2018MNRAS.474.4133H/abstract
http://dx.doi.org/10.1088/0004-637X/750/1/38
https://doi.org/10.1017/pasa.2019.51

Simulated sources number counts
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Baryonic VS Dark Properties
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Synergies: Euclid DR3 (Preliminary)

e Lead by Dr Bianca de Caro (@ INAF-IASF, Milan)
=» compute the distribution of hydrogen from HIG maps integrated over redshift (0 <z < 0.5)
=»> compute the distribution of galaxies in Euclid DR3 (expected ~2030)
=» derive the cross-power spectrum in different Euclid redshift bins

Euclid DR3 expected Redshift distribution: Euclid GC (Bin 1) x HI (all 2) Euclid GC (Bin 2) x HI (all z)
2 overlapping photometric redshift bins: 0.15 T 1 v (D

Bini=1
Bini=2
Bini=3
Bini=4
Bini=5
Bini=6
Bini=7
! Bini=8
\ Bini=9
1

\\ s
Bini=10
\
\
5

Bini=11
Bini=12
Bini=13
- Euclid n(z) x 10

2=0.25
2=0.30
2=0.35
2=0.40
2=0.45

ni(z)
N S
\\
2
b
-

’/
LTI
1

T T T -0.05
- 2.0 2.5 3.0 50 100 150 200 250 50 100 150 200 250
Redshift, z e e

0.0 0.5 1.0

de Caro et al,, including TR (expected 2026)



Synergies: Einstein Telescope (Preliminary)

-

Lead by Dr Ulyana Dupletsa (@ INAF-IASF, Milan)

generate 2lcm intensity maps from DM maps (tomographic up to z=3)

use the HI distribution as a prior to predict the GW distribution (Dupletsa+2023, 2025)
extract the GW population parameters (Hierarchical Bayesian Inference with icarogw,
Mastrogiovanni+2021, 2023, 2024): including cosmological parameters!

tomographic info on source distribution — constraint on H, (radio sirens method)

Generated Intensity Map + simulated GW events:

Info on HI improves the constraint on H
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https://www.sciencedirect.com/science/article/pii/S2213133722000853?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.024036
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.062009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.042002
https://www.aanda.org/articles/aa/full_html/2024/02/aa47007-23/aa47007-23.html

Summary

| 0 Z N

Built a full sky Dark Matter -only full sky light-cone (with haloes and sub-haloes)
Generated realistic distribution of

o Active Galactic Nuclei

o  Star Forming Galaxies

o  Neutral Hydrogen Galaxies

Painted the sources on top of the light-cone

We are currently applying the maps on synergy studies and extensions

Final Product:

full-sky light-cone with all the sources up to redshift 5

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
maps upon request

pre-print out (hopefully) before April!



HI simulations Chapter @AASKA |l (Cosmology SWGQG)

We compare different simulation models
and approaches

>

>

saml: GAEA

(see Mohammad's talk, del.ucia+2024) ,,]

sam2: L-Galaxies

(e.g. Yates+2024)

empl. SCAM+T-RECS

(this presentation)

emp2: Hl halo model

(see Pascal’s talk, Hitz+2025)
emp3: environment HIHM
(e.g. Sinigaglia+2024)

~_=

Scatter between the results (see
Catherine’s talk)

o there are no data!

o all methods can be refined
But also agreement in the
well-studied regimes
Different methods for different
applications
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https://doi.org/10.1051/0004-6361/202349045
https://doi.org/10.1093/mnras/stad3419
https://dx.doi.org/10.1088/1475-7516/2025/04/003
https://doi.org/10.1051/0004-6361/202346931




Detour (for the EoR people)

Mock galaxy catalogues Toy re-ionization morphologies

Empirical
Relations
O neutral
@ ionized
° Generate Mock Catalogue of Star Forming ° Empirical model of re-ionization
galaxies at high redshift o V redshift uniform Hi field
o Clustering from Harikane+16, 17 o SF-gxys produce ionizing photons

o Luminosity from Bouwens+19 o Stromgren spheres



Derived relations: HI vs Continuum Properties
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results uptoz < 0.5

HI mass VS SFR

literature is tuned up to
low redshift (z < 0.02)

our maps agree but
predict a redshift
evolution not observed
(yet?)

note there is a

dependence on the HI
mass model adopted

the tail might be a
numerical effect



